Parallel Programming Education at Rice

“... parallel and distributed computing has moved from a largely
elective topic to become more of a core component of
undergraduate computing curricula.”

- The Joint Task Force on Computing Curricula Association for Computing
Machinery (ACM) IEEE Computer Society



Parallel Programming Education at Rice

For the brave souls among us:

COMP 422: Introduction to Parallel Computing
COMP 522: Multi-Core Computing

COMP 520: Distributed Systems



Parallel Programming Education at Rice

COMP 322: Fundamentals of Parallel Programming

Instructor: Prof. Vivek Sarkar
Taught using HJ-lib parallel programming library

omeworks —40% of grade

 Code template + text description of assignment

* Graded on a mix of correctness, performance, design,
style, and writeup

Homework 3: due by 5:00pm on Friday, March 13, 2015
comP 322 (Total: 100 points)
Spring 2015

2 Programming Assignment (75 points)

2.1 Pairwise Sequence Alignment

In this homework, we will focus on the pairuise seguence alignment problem in evolutionary and molecular

biology, and how parallelism can help in solving this problem. (This homework is adapted from Homework
m the Spring 2011 offering of COMP 182 by Prof. Luay Nakhleh.)

Let X and Y be two sequences over alphabet 3 (for DNA sequences, = {4,C, T, G}). An alignment of X

and Y is two sequences X" and ¥” over the alphabet U {~}, where X' is formed from X by adding only

dashes to it, and " is formed from ¥ by adding only dashes to it, such that

1 [X|=[Y'| i€, X' and Y” have the same size,

2 there does not exist an i such that X'fi] = ¥'[i] = -, and
3 X is a subsequence of X', and Y is a subsequence of Y. A is a subsequence of B, if you can obtain B

from A by adding a (possibly empty) prefix string and 2 (possibly empty) suffix string.

This aligament is also referred to s global puirwise alignment (s opposed to local pairwise alignment, which
is used to align selected regions of sequences X and ).

Sequence alignment helps biologists make inferences about the evolutionary relationship between two DNA
sequences. Aligning two sequences amounts to “rev incering” the evolutionary process that acted
upon the two sequences and modified them so that their characters and their lengths differ. As an example,
one possible alignment of the two sequences X = ACCT and Y = TACGGT is as follows:

X = - AC - CT
Y =T ACGG T

As you may imagine, there may be multiple alignments for the same pair of sequences. For example, a trivial
alternate alignment for X and Y is as follows:

X' =A CCT - - - - - -
Y' == - - - TACGGT

2.2 Scoring in Pairwise Sequence Alignment: Optimality Criterion
As discussed above, a number of alignments exist for a given pair of sequences; therefore, we define a scoring
scheme that gives higher scores to “better” alignments. Once the scoring scheme is defined, we seek an
aligament with the highest score (among all feasible alignments). For DNA, a scoring scheme is given by a
55 mattix M, where for p,q € {4, C,T, G}, My, specifies the score for aligning p in sequence X" with g in
sequence ", M, denotes the penalty for aligning p in sequence X' with a dash in sequence ¥, and
denotes the penalty for aligning ¢ in sequence Y' with a dash in sequence X'. Assuming [X'| = |Y”
the score of the alignment is

&

> My <1>

For this assignment, e will assume the following scoring scheme: My, = 5, Myq = 2 (for p # q),
My,- =2 and M-y = —4.

For this scoring scheme. the score of the (X', Y") aligment in Section 2-T)is
Meg+ Maa+Moc+ Mo+ Mo+ Mrg = (—4) +5+5+ (-4 +2+5=9

and the score of the (X”,Y"") aligument is 4 x My, +6 X M_ g = ~32.




Growing Pains of COMP 322

First offering in Fall 2009, required course in 2012

COMP 322 Enrollment



Growing Pains of COMP 322

Provide more feedback prior to assignment
submission.

Improve latency, transparency of the grading
process.

This work investigated solving these problems )
using an auto-grader. m |

y

]
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Improving Feedback

Feedback currently takes the form:

e Office hours

* Online Q&A forum (Piazza)

e Catching the teaching staff after class
e Limited automatic tooling

Mostly manual, requires an attentative
teaching staff, do not see students taking
advantage of tools




Improving Transparency

Rubric-based grading, performance and
correctness

Fragile set of scripts to collect performance

information for each submission

Parallelize by question across team of graders I R Us I
Manually inspect logs, code, report T H R O U G H

TRANSPARENCY

High latency operation




Problems with a capital P

Class has grown 17x since initial offering, continues to grow.
Want to improve feedback during assignments.
Reduce grading burden, latency and improve transparency.

“When a student submits their code for grading they should know 80% of their
grade”



Proposed Solution

Use an auto-grader. Must have:

e User-friendly Ul, browser-based solution

e Support for correctness, performance grading of parallel programs
» Disaster recovery/backups

* Integration of third-party tools for parallel programs

* Answer “what speedup should my parallel program be getting?”



Auto-Graders

Conducted a survey of options: Mooshak, Marmoset, JavaBrat, Codewebs,
WebCAT, build from scratch

Eventually chose WebCAT
 Modularity via plugins
* Existing Java support
 Good reviews online, actually being used at universities

Still a lot of unsupported requirements in regards to parallelism and
performance, need to construct a system around WebCAT.
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System Design

WebCAT

N
Subversion - Leaderboard
Remote Compute
Cluster




System Design

finish(() -> {
async(() ->{ ... });
)asynC(() > { .0 1)
1)

Submission

WebCAT

Backup
code

Subversion
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System Design

Single-threaded correctness
tests, static checking tools
like checkstyle, FindBugs

Correctness tests, static
checking tools
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System Design

Parallel performance/
scalability experiments, data
race & deadlock detection,
lightweight-java-profiler

Performance Tests,
Third-party tools

Remote Compute

Cluster
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System Design

Upload results to SVN and
leaderboard.

WebCAT

Backup Performance

Results

Subversion Leaderboard
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System Design

Tables

@ Dashboard

Ll Charts < EXECUTION_TIME Performance
| Line Graphs
Show 10 ¢ entries Search:
8 Tables
B B B B B
) Sample Pages < s
W e b C‘ \T TEST NAME EXECUTION TIME (milliseconds) SUBMISSION # CORES Customer # SUBMISSION TIME
~ Result Summary test2 100 35 4 143 2015-09-07 20:42:47
[ Submit Again | [ Full Printable Report | testq 233 4 8 004 2015-09-07 20:42:53
PRl Sandbox 1 (0000): assignmentt try #193 Score Summary testd 307 46 8 143 2015-09-07 20:42:40
LEWEN Rice University (admin) Style/Coding: 0.0/400 [ EEGEGGEE
[ZUSTRN Rice University (admin) Correctness/Testing:  45.0/60.0 [N test1 327 137 8 001 2015-09-07 20:42:18
RILIGTEE W 08/05/15 04:13PM, 30 days, 16 hrs, 18 mins late | | Final score: 45.0/100.0 S
LA 45.0/100.0 test3 340 46 8 143 2015-09-07 20:42:40
Positioninclass: [ _T ] test2 342 35 4 143 2015-09-07 20:42:47
test3 401 137 8 001 2015-09-07 20:42:18
test2 405 137 8 001 2015-09-07 20:42:18
» Graphs
testt 417 46 8 143 2015-09-07 20:42:40

Showing 1 to 10 of 77 entries 8  Next

Previous . 2 3 4 5

~ File Details

Staff  Staff AutoGrade AutoGrade

— Leaderboard

src/mainjava/edu/rice/comp322/IDEATest java
src/test/javajedurice/comp322/CryptTest.java

0.0 12 0.0
0.0 30 0.0

0
src/main/javajedurice/comp322/Crypt.java 0 00 37 -40.0

0

o

~ Provided Test Results (75%)

The results of running your own test cases are shown below. Click on a failed test to see the reason for the failure and an execution trace that shows where the error occurred.

[ Passes: 3/4 B Errors: 1/4 B Failures: 0/4 75% 25%

w i edu.rice.comp322.CryptTest (0.298 ) J0 java.lang. i junit. Kk.Asser i + Error: fail to validate test size 8¢
£ testCorrectness1 (0.16 5) at edu.rice.hj.runtime. i —— b —
£ testCorrectness2 (0.047 s)

#3 testCorrectness3 (0.091s)

» i) edu.rice.comp322.IDEATest (0.0175)

at edu.rice.hj.Moduleo.launchHabaneroApp(Moduleo.java:73)
at edu.rice.hj.Moduleo.launchHab pp(Moduleo java:54) 6
at edu.rice.comp322.CryptTest.testCorrectness3(CryptTest.java:36) 1

Caused by: junit.framework.AssertionFailedError: Error: fail to validate test size 800000




Requirements Satisfied

Support for correctness, performance grading of parallel programs M
Disaster recovery/backups |
Third-party tool integration M

Answer the question “how fast should my code be running?” 1

User-friendly Ul, browser-based solution. ?
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Looking Behind and Ahead

Main outstanding issue: clash between WebCAT and our requirements
* Lots of administrative complexity for a single course
e Ul can be confusing without the proper mental model
 Doesn’t support performance testing well
 Core code is hard to read, impossible to build

Will use auto-grading in Spring 2016 offering of COMP 322

Expect it to be a hugely useful tool for students: instant feedback, grading
transparency, more teaching staff time available for actual teaching
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Backup Slides
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