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Introduction

‘NMAMIT, Nitte Mahalinga Adyanthaya Memorial
Institute of Technology, is an autonomous private
engineering College affiliated to a State
University, VTU-Belgaum, Karnataka, India. (VTU:
Visvesvaraya Technological University)

‘NMAMIT includes 9 departments with more than
5000 students.

CSE department has 42 teaching faculty and
1000 students, main force of NMAMIT.

*This paper discusses a successful story of how
to introduce HPC into the undergraduate CSE
engineering curriculum.
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Some Preliminary Information

€ We focus on the theoretical and practical knowledge
required for scientific parallel computing when preparing the
syllabus.

@ The syllabus is continuously updated for each course level-
by-level once a year under the approval of the Board of
Studies (BOS).

@ The curriculum development has taken inputs from various
online resources including those online courses from various
universities.

€ The online courses and industry assistance have helped to
improve the HPC curricula year-after-year, in HPC concepts
and upgrading the knowledge .

€ Most of the teaching and learning is carried out on modern
PC machines.

@ This paper considered the exposure to HPC concepts,
learning level, feedback, and outcome of the undergraduate
students to show the success.
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€ NMAMIT got academic autonomy in
academic year (AY) 2007-08.

€ HPC introduction started from AY 2009-10
and afterwards.

€ Our academic year-wise progress details
are discussed from the year 2009 to 2015.
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AY-2009-10

@ The first year engineering program is a serial of
common courses for all the branches of engineering.

m The students study common subjects like, engineering
maths, physics, chemistry, basics of electronics, and
computer knowledge.

@ Introduction to computer concepts and
programming (Course Code: CS-101) is one of the
common courses

» |t has theoretical and practical teaching hours.

m Simple OpenMP programs were introduced into the its
laboratory work to start with some parallel programming
concepts.

@ This improvement was made in Fall-2009 and

continued till today for the first year engineering
—students.
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AY-2009-10 cont.

@ In the OpenMP laboratory work in CS-101
s OpenMP 3.1 APl was used;
s Programs based on work-sharing, reduction, scheduling
are included in lab exercises
®lssues:
s Command line execution was totally new.

m |tis hard to visualize thread execution to deeply
understand the concepts.

s We're short of OpenMP programs, so it’s hard to get a
complete picture of parallel programming.

m Scarcity of teachers with parallel programming
experience.
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AY-2010-11

@ Fall-2010 has continued the OpenMP introduction
in the first year’s laboratory work of CS-101.

€ Spring-2011: Promoted some projects about
parallel and scientific computing to the
graduating students.

m The syllabus had little chance to introduce any HPC
concepts because of credit adjustments.

= One project titled "Video to Cartoon Conversion using

Parallel Computing” includes a group of 4
undergraduates.

€ Gave birth to the thought of summer internship
programs in HPC topics.
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The Prototype of Summer Internship

Program

€ Format:

m Teachers: Teach concepts, give assignments on reading papers and
implementing, mentor in devising new problem statements;

m Students: give presentations, write papers, and communicates work in
suitable academic avenues.
€ Beyond internship
m Students continue their work beyond the summer internship time as
their major projects for the coming academic year.
€ Some Features:
= Flexible time duration of this internship;
m Voluntary participation.
m No credits are earned for students and no teaching load for faculty;

m No fee collected from the students, and also no payment to
teachers.

m Not mandatory for students and only for those who are interested
in HPC research projects;

m Outside industries and other faculty are not involved.
2015/11/4 10




The 15 Summer Internship Program

€ Summer 2011

€ More students
m 32 students turned in and 24 finished successfully (75%).

@ Issues:

= More time spent on teaching and helping undergrad
students understand what is research.

m The dropped out students found it difficult to understand
technical papers which they are not used to.

€ Outcome
m The students communicated their work in IEEE HiPC-SRS-
student Symposium-Dec.2011;

m 3 papers got accepted for poster presentation.

(An Yeah, for the undergrads!)
2015/11/4
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Details of HPC Courses

€ Multi-core architecture and programming (MAP)
with course code C5726

€ Heterogeneous parallel computing (HetPC) with
course code CS822

€ Approved by the Board of Studies (BOS) of
NMAMIT, Nitte as elective subjects for seventh
and eighth semester students for Fall-2011 and
Spring 2012.

@ HetPC is a continuation course for MAP.

2015/11/4 12



Course Content

Course Code: CS622 L-T-P: 3-0-0
Course Title: Multi-core Architecture and Programming CIE : 50
Teaching Hours: 39 hrs S5EE: 50

UNIT —1I
1 8 Hrs

Introduction to Multi-core Architecture: Introduction, Moore®s
law, Amdhal’s law,. Gustafson’s law, Motivation for MMulti-core
processors, Types and levels of parallelism, Flvnn’'s classification
of  multi-processors, Introduction to parallelization and
vectorization: Data dependencies, SIMD technology, Hardware
Multithreading ws. Software multi threading., Hyper threading,
SMT, Case Study of multi-core processors: Intel, AMD,
IBM/Sony.

UNIT — IX

2 Concepts and Design of Parallel and Thread Programming: | 7 Hrs

Definition of thread and process, Parallel programming models,

Parallel Programming constructs: Synchronization, Deadlock,

Critical sections, Threading APIs- Win 32, POSIX threads.
UNIT — ITI

Parallel Programming: MPI Model: Collective communication,
Data decomposition, Communicators and topologies, point-to-point
communication, MPI Library, OpenMP: Directives and clauses,
environment wvariables, Programs wusing OpenMP and MPIL.
Introduction to intel TBB, Thread-Safeness, Cache related issues.

UNIT — TV
4 Multithreaded Program Debugging: Benchmarks and other | 7 Hrs
performance analysis tools, vTune Performance Analyzer, Thread
Checker, Thread Profiler, hotspots, performance issues in
algorithms, branch misprediction, cache organization, cache loads,
efficiency, hardware and software prefetch.

UNIT — W
5 Compiler Optimizations and Parallel Algorithms: Compilers | 9 Hrs
for High performance Computing, compiler optimization, code
and loop optimization, scalar and vector processing, temporal
and spatial locality-matrix multiplication example. OS support
to multi-core architectures. Parallel algorithms study and
analysis- The Sieve of Eratosthenes, Floyd’s algorithm, Matrix-
2 O 1 “Vector multiplication, Monte Carlo methods, Matrix 13
Multiplication, Parallel Quicksort Algerithm.




Glimpse of HetPC content for AY 2015-16

Course Content

Course Code: CS715 L-T-P: 3-0-0
Course Title: Heterogeneous Parallel Computing CIE: 50
Teaching Hours: 39 SEE: 50
Chapter 1:Heterogeneous Architecture and Parallel Comparting 5 Hrs

Introduction o parallel programming, Introdouction o heterogeneous
architecture- GPU in particular. Introdoction to GPU computing, Why
GPU, evolution of GPU pipeline and general purpose computation on

GPL,

4 Hrs
Chapter 2: Heterogeneous Architecture and Parallel Computing
GPU architecture case studies: NWVIDILA G880, GT200, Fermi, AMID
Radeon, AMD Fusion APLU etc.

4 Hrs

Chapter 3: Executiom Model: Features of CUDA and OpenCL,
Comparison of CUDA and OpenC L, Thread organization,

Chapter 4: Execution Model: Kernel, error handling, and execution in | 4 Hrs
CUDA and OpenCL.
Chapter 5: Programming Model: CUDA Introduction, basics of CUDA | 3 Hrs
C

Chapter 6: Programming NMNodel: Complete CUDA structure, basic | 2 Hrs
details of API and libraries,

3 Hrs
Chapter 7: Programming Model: OpenC L overview, OpenCL basic
specification, OpenCL C language. Vectorization.

3 Hrs
Chapter 8: Memory Model: Introduction to memory model and GPLU
interaction with CPLU,

2 Hrs
Chapter 9: Memory Model:, Memory model of CUDA and OpenCL,

3 Hrs
Chapter 10: Memory Model: Memory hierarchy (localfregister, shared
and global) and optimizations, memory optimized programming, coding
tips.

1 Hr
Chapterll: Tools and programming: Introdoction o installation and
compilation process, usage of tools,

2 Hrs
Chapter 12: Tools and programming: profilers and debuggers.

3 Hrs
Chapter 13: Tools and programming: CLUDA by Examples and

2015/] OpenCL by Examples, Future Diirections. 14




€ The MAP and HetPC course helped the students
work with HPC based projects

€ Students from 2011 summer program continued
their work for the major project

@ 4 students got scholarship to attend IEEE-HiPC-11

€ Summer internship program-201.2:

m Adopted as a best practice by the institute and offered from various
departments and centralized from Deans office for registration and
certifications

m Similar summer internships floated such as Android programming that
attracted the young minds

m HPC summer internship program got 10 applications for the internship
and 8 students turned up and 4 could successfully finish the tasks for
the summer 2012

2015/11/4
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€ MAP and HetPC syllabus is upgraded and
approved in BOS

€ The MAP and HetPC subjects were moved to 6th
semester and 7th semester electives from 7th
semester and 8th semester respectively during
this academic year

@ The Internship students continued their work as
major project and implemented AERMOD
simulation using CUDA

@ The internship program for summer-2013 could
not be floated as there were no students

2015/11/4 18



€ CS-101 course, MAP and HetPC subjects are
continuously given every academic year

& Alumni student talks to the current batch of
students are arranged

@ 4 students were taken for 2014 summer internship
program

€ Apart from our HPC lab, GPU Center of Excellence
at lIT-Bombay, India cluster access is also given to
the students to work with Kepler based GPU
architectures

2015/11/4 19



List of major projects using HPC concepts

5. Academic Names of the Students Title of the Project

No. | Year

1 AY-2010-11 Mr. Krishna, Ms. Leena, Mr. Ab- | Improving the Performance of
hishek and Ms. Nanditha Video to Cartoon Conversion

2 AY-2011-12 Mr. Konchady Adarsh, Mr. Rayan | A Code Optimization Pass 1n
Victar DaAZsouza, Mr. Shashiki- | LLVM [10]
ran and Ms. Brenda Olivia Martis

3 AY-2011-12 Ms. Nayak A Swathi, Ms. Nayana | Accelerating Pedestrian Detection
Upadhyaya and Ms. Nivedita | using GPUs [14]
Nayak N

4 AY-2011-12 Mr. Sandeep Nayak, Mr. Sujth | Compiler Based Optimizations for
Kumar, Mr. Shrinidhi Rao and Mr. | High Performance Architecture
Sushanth K

5 AY-Z2011-12 Mr. Adarsh HV, Mr. Amit Aml | Communication and memory opti-
Poojary, Mr. Bhat Rohit Shree- | mizations in Heterogeneous systems
pathi and Mr. Dineshchandra based on GPUs [13]

b AY-2011-12 Ms. Rashmi, Ms. Akshaya L. Bhat | GPU device optimization tool
and Mr. Ashik Kumar

7 AY-2011-12 Mr. Jayavanth Shenoy U, Mr. | BLAS level? and level 3 optimiza-
Madhu Sagar, Ms. Pooja Patankar | tions for GPUs
and Ms. Sapna

) AY-2011-12 Mr. Ishan Alok, Mr. Srinivas | Multi Device/ GPU programming
Prabhu, Mr. Ranjith and Mr. Tan- | using OpenCL
may Shetty

4] AY-2012-13 Mr. Anirudh Udupa G., Ms. Jane | Application Performance Accelera-
Shailoh Quadras and Mr. Gururaja | tion using Multi-processors [11]
Rao P

10 | AY-2014-15 Mr. Anjjan 5. Narayan, Mr. | Accelerating Multi-key Quicksort

Rithesh R. Prabhu, Mr. Bharath
B. 5. and Ms. Crystal Gomes

on GPU [12, 15]
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The four students from the summer 2014 continue
the work as their major project

€ The work is communicated to:

s ACM-International Conference on Principles of Parallel

Languages (POPL-15), India with travel scholarship form
ACM

s Awarded by the best undergraduate poster during ACM-
POPL-15

m Participated in Student Research Symposium (SRS) co-
located with IEEE International Conference on High
Performance Computing (HiPC-14) with travel scholarship

m Participated in IEEE- International Parallel and Distributed
Processing Symposium (IPDPS-15) with travel scholarship

@ All the students are in their higher education

2015/11/4 21



ACM POPL Detalls
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2015 Summer Internship and Audit Course Details

€ The summer internship program has a huge
participation for the 2015 summer (16 students)

& Audit Course is floated in the summer

= Similar to other reqgular course in terms of framing the
syllabus, conducting classes and evaluating the students

m Course details: Parallel Programming and CUDA (Course code:
AUo006)

m |tis open to all year students and students of all the
departments

m The credit earned through audit course is additional credit
apart from that is required for the degree requirement and
hence is not mandatory for all the students

m 32 students enrolled for the audit course

€2 papers got accepted for the HiPC-SRS-15 from the
. hi

2015/11/4 25



2015

Table 2: List of Achievements of the students from HPC-Lab at NMADMIT, MNitte

=N Academic Name of the Student(s) Achievement Other Information
Moo "ear
| AY-211-13 M=, Rashmi Scholarship for TEEE | Foster Paper
HiP*(-11

2 AY-2011-12 hr. Adarsh Konchady Scholarship For TEEE | FPoster Paper
HiPZ-11

3 AY-2011-12 Br. JTayawvanth Shenowy Scholarship For TEEE | FPoster Paper
HiPZ-11

E] AY-POI1I-12 % Adarsh HW, Kir. Conference FPaper | Natwonal Conference on Emerging
Amit Anil Poojary, Mr. Publication Trends in Engineering and Technol-
Bhat HRohit Shreepathi oy (NCEET-12). 26th to 27th,
and Mr. Dineshchandra April 2012,

5 AY-211-13 Bl Navak A BSwatha, Conference FPaper | National Conference on Emerging
M=, Mayana Upadhvaya | Publication Trends in Computer Engineering
and Ms. Mivedita Wayvak and Technologies. Bangalore, In-
™ dia. 11th tol2th April, 2002, ISBN:

GTE-O93-B0406-T2-5 [14].
[53 AY-2011-T2 Kr. Ronchady Adarsh, Conference Faper Mational Conlerence o Emermng
Plr. Ravan Wictar | Publication Trends in Computer Engineering
- and Technologies., Bangalore, In-
DaATsomza, @ Mn dia. 11th tolZth Aprl, 2012, ISBN:
Brenda Olivia Martis 978-93-80406-72-5[10].

T AY-211-13 BT Madhu K. Sagar | Conference FPaper | National Conference on Emerging

and Mr. Despesh Shetty. Publication Trends m Computer Engineering
and Technologies., Bangalore, In-
dia. 11th tol2th Aprl, 2002, ISBN:
G7E- 93 B04DE-T2-5[13].

B AY-HTI-13 B=. Hashmm, &M=, Ak- Best Project of the | EXFRO-TZ, NATANMIT, Nitte
shava L Bhat and MMr. Year
Acshak Kumar

E2] AY-PO12-T3 Bl Amrudh TUdupsa | Conference Paper | Znd International TConference on
., Ms. Jame Shailoh Fublication Recent Advances in Sciences and
Duadras and Mr. Guru- Engineenng-1CRASE-20013. 20th to
raja Hao P I0th April, 2013 [11]).

jili] AY-H01Z-13 % B Amrudh TUdupsa Best Project of the EXPFRO-13, NATABRITT, Nitte
., Ms. Jane Shailoh Year
Ouadras and Mr., Gurua-
raja Hao P.

1T AY-A012-T3 BT, Amrudh Tdupsa Scholarship for Foster Fresentation
., Ms. Jame Shailoh IEEE—I—IJPC—J.Z
Quadrﬂ.b and Mr. Curu-
raja Hao P

12 AY-2014-15 MMr. Anjjan 5. Narayan, Poster Presentation ACM-FOPL-15, India
Mr. Rithesh H. Prabhu,
hr. BHharath B. 5. and
M=, Crvstal Gomes

I3 AY-2013-15 KIr. Anpan =. Narayamn, Scholarship Tor ATTRT Foster Fresentation
hr. Rithesh . Prabhu FoFPL-15

| I3 AY-2013-15 KIr. Anpan =, Narayamn, BHest U'nder Grraduate AUMM-FoFI-15, India
Mr. Rithesh K. Prabhu, Poster
Mr. Bharath B. S. and
Ms. Cryvstal Comes

15 AN -FTA-15 Blr. Anjjan 5. MNarayan, Scholarship Tor Conference Participation
hr. Rithesh K. Prabhu, IEEE-HiFP{-14
Mr. Bharath B. S. and
M=, Cryvstal Gomes

15 AY-2014-15 Mr. Anjjan 5. Narayan, Scholarship for | Conference Participation
hMr. Rithesh H. Prabhu IEEE-IPDPS-14
and Mr. Bharath B. S

1T AN -FTA-15 Blr. Anjan = Naravan Conference Publica- International Tonference on High
and Mr. Rithesh R. tion Performance Computing and
Prabhu Applications. (HCHPCA-2014]),

Bhubaneswar, Indisa. 22nd  to
Z24th December, 2014 ISBMN:
G7E-1-4799-5957-0 [12]_

i E:] AY-H14-15 hMr. Rithesh K. Frabhu Conference FPublica- International Conference on High

amnd  DWr.
MNaravan

Anjjan S,

t1on

Performance Computing and
Applications. (HCHPCA-2014]),
Bhubaneswar, India. 22nd  to
Z24th December, 2014 ISBMN:

Q7E-1-4799-5957-0 [15].
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Feedback from Students

& Feedback on courses
m Mandatory Labs need to be included (MAP and HetPC)

m Awareness/orientation on choosing electives need to be
provided

& Actions Taken

s Programming demonstration and programming assignments
with marks weight age are introduced as credits are not
available for mandatory laboratory

m HPC elective campaigning is done by talks at dept. or
professional body associations by senior students, alumni
and faculty

m Introduced Audit course with a focus on teaching
programming




@ Feedback from Summer Internships

Feedback from Students

Early summer internships (after 2" year rather than after 37 year)

Exposure to outside world through workshops and conferences based on
HPC

Senior students or alumni lectures on HPC to be increased
Weight age for summer internships and papers published in terms of credits
Awareness on research career and research projects is required

& Actions taken

Summer internship is made open to 2 year students since 2014 summer

Summer internship continuation is attending any one workshop or
conference outside the institution and trying for similar thing prior to
summer internship also

= In major project evaluation of UG students 5% marks are allotted to paper

presentation and publication




Benefits to the stake holders

& Students:

m Adds a new specialization to the learning stack

m Understand the importance of studying Science and Engineering
course as HPC subject emphasizes inter-disciplinary problem solving
and learn from outcomes of many researchers beyond text books

m Helps the students plan their career in terms of higher education or
employment opportunities to be looked into

m Most of the concepts of HPC lead to research thinking and imbibe
continuous learning to the students

@ Faculty:
m Helpsin knowledge up-gradation in latest technologies
m Helps defining new research problems
m Build latest infrastructures based labs
= Immense satisfaction in seeing his/her student in better career profile

2015/11/4 29



Benefits to the stake holders

@ Institute:

m Strong curricula and research culture are the pillars for any institution
m The institute profile increases as alumni are in better career paths

m Institute flag is placed high wherever the students and alumni
performs high

m Better industry-institute relationship
m Good Placements

@ Industry:

= Have the opportunity to employ the best trained candidates, so
reduction of cost and time on training

m Better networked employees are always an asset to the organization
@ Professional Community:

= Availability of technology experts for sharing the knowledge

m Usage of new technologies for solving significant problems that are
addressed by the community

2015/11/4 30



@ The success path of introducing HPC to UG students is
given along with the struggles and challenges one need to
address

€ HPC topics are introduced through regular courses, mini and
major projects, summer internship program and audit
course

€ In Summary, HPC concepts add value to the present
education of undergraduate engineering program

@ Introducing HPC concepts at UG level is beneficial to an
individual as well as to the institute

€ NMAMIT, Nitte looks forward for further enhancements and
adding more courses in the future academic years

2015/11/4 31
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Posters Presented during IEE-HIPC-
SRS-2011, Bangalore, India



BLSI: Bit Level Single Indexing of Sparse Matrix for GPU Architecture

NVIDIA.

Abstract

m

This paper proposes a new sparse
atrix storage format that reduces number

of memory accesses for every non-zero
value and memory requirement. This format

has shown
communicating the

in

good improvement in
sparse matrix

formation from CPU to GPU.

Introduction

There are a variety of sparse matrix formats

available [1]. The sparse matrix representations

of

COO, CSR, ELL, HYB etc. is shown in fig. 1.

Existing Sparse Matrix Formats

Row

Column

Values
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s 2
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jx A ith 8 fon-zd ° olumf Indif 253 ° lues| :
g L Formgt jcop (cp-ofdinde) formdt

Values.

CSR (¢ Spgrse Rpw) Hormpt L H] E(H;b jd B} L+LSR) Format

e 1 s ——ptl  —hats.

Ir u | -IFT°t <:[°[*| array to store
the Tndices of the Sf m by embedding
the column informe ir bits of row
indices. Hence this m [~ r [T]only one array
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BLSI is shown in fiyg—== bizr'computes the
number of bits required to represent the
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matrix.
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Performance

BLSI improves the communication time
from CPU to GPU of the sparse matrices up to
217% and on an a. BLSI is experimented on the
same set of matrices used by Williams [2]. All
the experiments are run on NVIDIA GeForce
GTX 470-GF100

Performance Comparison of BLSI

Comparing Total Time ( Mem Copy + Kernel) of
BLSI with CSR COO and HYB

+ The performance of COO, CSR, ELL, HYB are
from their  implementations in  CUSP

Figure 2. Bit-Level Single Indexing and the need for
offset array.

Index Generation

Let us say the bits required for the maximum
row index as x-bits as shown in fig. 2. Then
column indices required bits are computed. Let
us this as y. In a system with x+y< the number
of bits allotted to the index, these both are
embedded or merged by first entering column
index bits and left shifting them by maximum
number of bits required for the row indices. Now
both x and y are in the same index. The reverse
operation is used to get the x and y of each
element respectively.

Algorithm for Index Generation and the Kernel Code

//Index Generation (Host code)
for i=0 to offset size do
offset[i] = column_index[i*NUM_THREADS]

for j=i*NUM_THREADS to (i+1)*NUM_THREADS & (i< num _nonz) do
index[j] = ((column_indices[j]-offset[i])<<BIT_SHIFT)+
row_indices[3j]
done

code.google.comip/cus p-library/

+ BLSIis notimplemented on any of the sparse
matrix computation libraries

Comparing Mem Copy Time of BLSI with CSR
COOand HYE

- BLS! concentrates on improving the Merory
copy time o ri-h
il i ah
P g

done Terminologies Used:

woffset: offset fo the cokmn idces
i, - New index with both colmn and row
//Kernel code indices
uint ind = global_thread id “um_nonz  Number of o zeros

= = “BIT_SHIFT : Power of dex .0, if um_nonz is
120, ke & 7 (27> 120)
i - bl thread ID
ot Result of mukiplying on zero vake with
corresponcing element i vector

1

for i=ind to num nonz do
row = index[i] &REM
col = (index[i]>>BIT_SHIFT)+ offset[i/num nonz]
dot = value[i]*x[col]
atomicAdd(result+row, dot)
done

Figure 3. Algorithms used for BLSI.

Figure 4. Performance Improvement of BLSI over
other formats on different matrices from[3].

Conclusion and Future Work

Improvement in the CPU-GPU
communication is shown to be good with the
new sparse format. As a future work, it is
planned to implement device-specific
optimizations on BLSI. In addition, it is also
planned to study the effect of BLSI on matrix-

A FRAPYEIRNS.
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GPU hardware under the NVIDIA CUDA Teaching Program.
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NVIDIA.

C20 automatically generates the CUDA
program for any architecture from the CUDA
program written for different generations of
architectures. This papers main contribution is
thread level merging of two kernels that utilizes
GPU processing resources and also optimizes the
CPU to GPU communication.

C20:Communication and computation optimizer for Graphic Processors
B. Neelima*, Prakash S. Raghavendra*, Rashmi Mahima#, Akshaya L. Bhat#, Ashik Kumar#

*NITK,Surathkal #NMAM Institute of Technology

0.1..768(|01,..767 |0l.768 0]..768

for (1i=1;1<=1537:1++)
c[1]=a[i]4b]1].

01384 01384 01,38 01, 3% 768 01,768

2o generated thread

t2ogenerated thread combination for G&) combination for fermi

Figure 1. Thread arrangement in C20 specific to the
architecture

Thread level kernel merge takes less time for
execution when compared to separate kernel
calls. On doing so the improvement in
performance is up to 38% than calling kernels
individually. Another important observation is
that simple kernel calls with zero blocks also
takes quite amount of time. So it is worth
merging independent kernels to decrease the
CPU to GPU communication.

K1l K2 K12
s

Figure 2. Thread level merge

Using C20, it is proposed to analyze whether
thread level merge is possible or not, on the fly.
If it is not possible, the tool will launch separate
kernels otherwise the merged kernel is created
and launched. The tool uses the features of
CUDA API for the same.

Check for memory limitation

C20 tool generates thread and block combination for
merged kernel

Launch merged kernel by adjusting the thread index
suitably

I Kernel Call l

index<threads
(kerne

\ 4
Kernel_1 ();

Index=threads (kernell)
Kernel_2();

Figure 3. Number of blocks and thread
calculation for thread level merge
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This graph compares thread level merge
with block level merge and separate kernel
calls.

Time in millisconds

—¢- Thread Level Merge|
0.06 2= Block Level Merge fes

Seperate kernel calls|

—ﬁ——\
o [——> Y

0.01

1 768 769 1536 3000 65536

Number of threds

Figure 4. Performance comparison of compute
intensive kernel for different kernel launch

Using C20, code that is written for older
architecture can be automatically optimized for
newer architectures and also generates the
merged kernel.
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Introduction

Low Level Virtual Machine (LLVM) is a compiler
infrastructure  that supporis multi-stage
optimization system. This work proposes to add
an optimization pass for the special case of an
existing optimization and for a new
optimization. The two optimirations considered
in this paper are Redundant Load Elimination

and Predictive Commoning.
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Figure 1. LLVM Infrastructure

Redundant Load Elimination (RLE)

This technigue removes redundant load
instructions that occur during the iterations of a
loop within a function. This work specifically
targets the loops because most of the
computation is done in the loops.

wold f{int a1[].int a2[])
for{int im0l 10004+ )

alfls1] = aZ[i] « a2[l+1];

load rl,a2{0] koad rZ.a2[1 load rl.a2[1] oad r2.az2[2)
7 %7 7
17 iteration 2™ meration

Figure 2. Example with redundant loads

woid f(int a1[Lint a2[])
for(int iz0i<100:i+4)

alfi+1] = a2l] + a2[i+1];

¥
oad r1a2[0] load r2,82]1] load rl,a2[2]
% T 5 7 \\:r\\\‘l J ’»
v et N | W
17 iteration 2" iterakion

Figure 3. Example with redundant loads eliminated

Second Order Predictive

Commening

Predictive Commgoning is an optimization
technigue to eliminate redundant computations
across loop iterations by making use of
computations done in the previpous iteration.
Loop wnrolling combined with predictive
commeoning helps in further optimizations of the
code by avoiding copying of registers.

for (i=0; § < /; )
i) = afi]*ep(i=1)+ali+1]exp{i+Z);

pl=a]0] " epil);
forfi=d; § < n-n%2; k=)

pl=a(i+1] * ep(i=2);

fli] =g + pl;
\ pl = afi+2] * exp(i+3);
—y| fli+1]=p1+po
for(; i<n; ie+)
n e w

[i] = afi] * mp(i=1) + a{i#1] * wep{i+2);

Figure 4. Second Order Predictive Commoning

Second-Order Predictive Commoning is used
for reusing complex computations with help of
re-associating expressions. It needs to find the
common sub  expressions in the loop
dependent statements.

Methods

RLE can be implemented using Alias
Analysis technigue. Two pointers alias one

another if they point to the same location in
memory.

Type Based Alias Analysis

*Divide the program's memory into alias
classes

*Conditions

« Two variables of different types cannot be
inthe same alias class

+ Allocations local to the current stack frame
cannot be in the same alias class as any
previous allocation from another stack
frame.

 Each record field of each record type has
its own alias class.

» Each array of a given type has its own alias
class.

Conclusions

The first optimization reduces memory latency
time by eliminating redundant load operations
and can greatly improve the performance when
used on multicore architectures. The second
technigue reduces the execution time by
reusing the complex computations which
occurin the loops of a program.
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