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Lecture 1: Introduction
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Welcome to ICS 643

Course Webpage:

https://www2.hawaii.edu/~nodari/teaching/s22-643/




But don’t take my word for it...

From students’ Course Evaluations:

“Brushing up on run time analysis, proof of correctness (induction),

mergesort, and linked lists/trees could be handy.”
ICS 443, Fall 2017

“Also do NOT cheat in this class. Nodari means it when he says that he

doesn’t take cheating lightly and unfortunately class mates of mine have
been reported to the office of judicial affairs for academic dishonesty this

semester.” _
ICS 311, Spring 2020

“Go to office hours when possible AFTER reviewing the HW and ask for
clarifications.” ICS 311, Spring 2020
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Take this course, If...




Take this course, If...

= You enjoyed ICS 311




Take this course, If...

= You enjoyed ICS 311

= You want to improve your algorithm design and analysis skKills
= Good algorithmic skills make better programmers
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Take this course, If...

= You enjoyed ICS 311

= You want to improve your algorithm design and analysis skKills
= Good algorithmic skills make better programmers

= Be one of the few people who know how to solve problems

by properly taking advantage of available parallelism in
modern and future systems

Nodari Sitchinava — Advanced Parallel Algorithms



This course is probably not for you if...




This course is probably not for you if...

s You hated ICS 311




This course is probably not for you if...

= You hated ICS 311

= You just want to pass to earn 3 units of credit
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This course is probably not for you if...

= You hated ICS 311
= You just want to pass to earn 3 units of credit

= |[f you are looking for a parallel programming course, take ICS
432/632 instead
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Design an algorithm...

m: A finite sequence of well-defined (simple) instructions to
complete a task.




Design an algorithm...

m: A finite sequence of well-defined (simple) instructions to
complete a task.

procedure DIRECTIONS(A, B)
if A== ICS and B == Waikiki then

Head east for 374 ft

Turn right, proceed for 341 ft
Turn left, proceed for 0.6 mi
Turn right, proceed for 0.1 mi
Turn right, proceed for 0.1 mi
Continue for 1.3 mi

Turn left, proceed for 0.2 mi
Turn left, proceed for 0.2 mi
Continue straight for 0.2 mi
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Design an algorithm...

m: A finite sequence of well-defined (simple) instructions to
Complete a taSk Take Dole St to Waialae Ave

t  Headeaston Pope Rd toward East-West Rd

procedure DIRECTIONS(A, B)
if A== ICS and B == Waikiki then F* Tum ight onto East West Rd

Head east for 374 ft 1 Tum eftat the 15t cross street onto Doe S
Turn right, proceed for 341 ft
Turn left, proceed for 0.6 mi
Turn right, proceed for 0.1 mi
Turn right, proceed for 0.1 mi * Tum right ono Waialae Ave
Continue for 1.3 mi t Gontinue onto Kapilani Bvd
Turn left, proceed for 0.2 mi
Turn left, proceed for 0.2 mi

Contlnue Stralght fOr 0.2 ml ?qualakauaAve .

r*  Turn right onto St Louis Dr

Take Kapiolani Blvd to Kalakaua Ave

1 Turn left onto McCully St

t  Continue straight to stay on Kalakaua Ave
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Design an algorithm...

m: A finite sequence of well-defined (simple ructions to

complete a task.

Take Dole St to Waialae Ave

t  Headeaston Pop\Wgd toward East-West Rd

procedure DIRECTIONS(A, B)
if A —_—— /CS and B —_— Waiklkl then r TurnrightontoEast—WestFF;d d ”
Head eaSt fOr 374 ft 1 Turn left at the 1st cross streregngglesy re Ca S
Turn right, proceed for 341 ft . Tghg/ N

Turn left, proceed for 0.6 mi
Turn right, proceed for 0.1 mi
Turn right, proceed for 0.1 mi P Tumight onto Waialae Ave
Continue for 1.3 mi t Gontinue onto Kapiolan Bivg
Turn left, proceed for 0.2 mi
Turn left, proceed for 0.2 mi

“1  Use any lane to turn left onto Ala Moana

Contlnue Stralght for 0.2 ml ?qualakauaAve .

1 Turn left onto McCully St

t  Continue straight to stay on Kalakaua Ave
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Design an algorithm...

m: A finite sequence of well-defined (sim

complete a task.

ructions to

Take Dole St to Waialae Ave

ot

metcalf St

procedure Dlria::f;i;;
if A == lCu '5r.‘:‘,_,_rclllﬂl.rl[:--'”':3" of Honolulu

Manoa Valley

Head ¢ | a
Turn rig
Turn lef -

Hawai'i
Convention Center

Turn rig

school

Architecture

UH Manoa &

d toward East-West Rd

pst-West Rd

Procedure calls

t cross street onto Dole St

East-West Center
(Jahn A. Burns Hall)

Pacific Ocean Science
&_'[achnulogy

‘3 Stan Sheriff Center
Louis Dr

€l

UnitKalakaua Ave

[] i'ﬁ )
Turn rlg 3 aialae Ave
C . Ala Wai _ s ___,_4_-—”'(—) - I U: i
O ntl n l [:Iurn.'nurllt\,r Kapiolanigind - w bpiclani Bivd
Park &=y 12 min
Tu rn Ie1 4 ‘lolani Schoo 2.8 miles .
8, Canal Fish A Teuy st
Turn lef R
. \! A prn left onto Ala Moana
C ‘t Waikiki .
On I nl T Galleria By .{:'s'.-:'_ Wi © \
DFS, Hawa M N ow Kalakaua Ave
Fort'Derussy 7 1
Beach Park D s ol
T Continue straight to stay on Kalakaua Ave
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Design an algorithm...

When asked to “design an algorithm”, you should:




Design an algorithm...

When asked to “design an algorithm”, you should:

1. Describe/explain your algorithm in plain English
= Draw pictures to aid the explanation

2. Write down the pseudocode

3. Prove its correctness

4. Analyze its running time
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Parallel Algorithms
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Understanding Runtime

procedure FOO()
a=7/
b =20
c=14
d=27
e=15




Understanding Runtime

procedure FOO()
—» a=/
b =20
c=14
d=27
e=15




Understanding Runtime

procedure FOO()
a=7/
—+ b=20
c=14
d=27
e=15




Understanding Runtime

procedure FOO()
a=7/
b =20
—» c=14
d=27
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Understanding Runtime

procedure FOO()
a=7/
b =20
c=14
—» d=27
e=15




Understanding Runtime

procedure FOO()
a=7/
b =20
c=14
d=27
— e=15




Understanding R

procedure FOO()
a=7/
b =20
c=14
d=27
e=15

Runtime = 5 steps

\untime




Understanding Runtime

procedure FOO() procedure PARALLELFOO()
a=7/ a=7/
b =20 spawn {
c=14 b =20
d=27 c=14
e=15 }
d=27
Runtime = 5 steps e=15

sync
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Understanding Runtime

procedure FOO()
a=7
b=20
c=14
d=27
e=15

Runtime = 5 steps
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procedure PARALLELFOO()
a=7
spawn __

b =20
c=14

d=27
e=15

sync



Understanding Runtime

procedure FOO() procedure PARALLELFOO()
a=/7/ —» a=7
b =20 spawn __
c=14 b=20
d=27 l c=14
e=15

d=27 /
Runtime = 5 steps e=15

sync
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Understanding Runtime

procedure FOO() procedure PARALLELFOO()
a=7/ a=/7/
b =20 —»>  spawn___
c=14 b=20
d=27 l c=14
e=15

d=27,////
Runtime = 5 steps e=15

sync
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Understanding Runtime

procedure FOO() procedure PARALLELFOO()
a=7/ a=/7/
b =20 spawn __
c=14 —» Dpb=20
d=27 l c=14
e=15

—» d=27 /
Runtime = 5 steps e=15

sync
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Understanding Runtime

procedure FOO() procedure PARALLELFOO()
a=7/ a=/7/
b =20 spawn __
c=14 b=20
d=27 l —» =14
e=15

d=27 /
Runtime = 5 steps > e=15

sync
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Understanding Runtime

procedure FOO() procedure PARALLELFOO()
a=7/ a=/7/
b =20 spawn __
c=14 b=20
d=27 l c=14
e=15

d=27 /
Runtime = 5 steps e=15

—»  sync
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Understanding Runtime

procedure FOO() procedure PARALLELFOO()
a=7/ a=7/
b =20 spawn ___
c=14 b =20
d=27 l c=14
e=15
d =27 /
Runtime = 5 steps e=15
sync

Runtime = 5 steps
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Parallel Execution as a DAG

procedure PARALLELFOO()
a=7
spawn __

b =20
c=14

d=27
e=15

sync
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Parallel Execution as a DAG

procedure PARALLELFOO() Dependency graph
a=/7/
spawn ___

b =20
c=14

d=27
e=15

sync
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Parallel Execution as a DAG

procedure PARALLELFOO() Dependency graph
a=/7/
spawn ___

b =20
c=14

d=27
e=15

sync

Parallel runtime = longest path length in the dependency graph
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Understanding Parallel Runtime

procedure PARALLELFOO()
a=7
spawn __

b =20
c=14

d=27
e=15

sync
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Understanding Parallel Runtime

rocedure ABOVE
procedure PARALLELFOO() P ()

_ 7 a=7/
4= procedure LEFT()
spawn __ e

c=14 procedure RIGHT()

d =27 b =20
e =15 c=14
- procedure BELOW()

sync

l b =20 e =15
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Understanding Parallel Runtime

procedure PARALLELFOO() procedure ABOVE()
ABOVE() a=7
spawn procedure LEFT()
¢ \ d=27
e=15
LEFT() RIGHT() procedure RIGHT()
¢ / b=20
c=14
sync procedure BELOW()
BELOW()
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Understanding Parallel Runtime

procedure PARALLELFOO() procedure ABOVE()
ABOVE() a=7
spawn procedure LEFT()
¢ \ d=27
e=15
LEFT() RIGHT() procedure RIGHT()
¢ / b=20
c=14
sync procedure BELOW()
BELOW()

Parallel Runtime
T(ABOVE) + 1 + max(T(LEFT), T(RIGHT)) + 1 + T(BELOW)

- T(ABOVE) + max{ T(LEFT)

T(RIGHT) } + T(BELOW) + O(1)
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Understanding Parallel Runtime

procedure PARALLELFOO() procedure ABOVE()
ABOVE() a=7
spawn procedure LEFT()
¢ \ d=27
e=15
LEFT() RIGHT() procedure RIGHT()
¢ / b=20
c=14
sync procedure BELOW()
BELOW()

Parallel Runtime

T(ABOVE) + 1 + max(T(LEFT), T(RIGHT)) + 1 + T(BELOW)

T(LEFT)
T(RIGHT)
T(LEFT)
| T(RIGHT)

= T(ABOVE) + max < > + T(BELOW) + O(1)

= T(ABOVE) + max 1 > + T(BELOW)

/
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Proper Pseudocode

procedure PARALLELFOO()
ABOVE()
spawn

v

LEFT() RIGHT()

v o

sync
BELOW()
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Proper Pseudocode

procedure PARALLELFOO()
ABOVE()
spawn

v

LEFT() RIGHT()

v o

sync
BELOW()
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procedure PARALLELFOO()
ABOVE()
spawn RIGHT()
LEFT()
sync
BELOW()



Proper Pseudocode

procedure PARALLELFOO()
ABOVE()
spawn

v

LEFT() RIGHT()

v o

sync
BELOW()
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procedure PARALLELFOO()
ABOVE()
spawn RIGHT()
LEFT()
sync
BELOW()

procedure PARALLELFOO()
ABOVE()
in parallel do
RIGHT()
LEFT()
BELOW()



Taking a step further

procedure PARALLELFOO()
ABOVE()
in parallel do
RIGHT()
LEFT()
BELOW()




Taking a step further

procedure PARALLELFOO()
ABOVE()
in parallel do
RIGHT()
LEFT()
BELOW()
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procedure PARALLELFOO()
ABOVE()
in parallel do
RIGHT()
MIDDLE()
LEFT()
BELOW()



Taking a step further

procedure PARALLELFOO() procedure PARALLELFOO()
ABOVE() ABOVE()
in parallel do in parallel do
RIGHT() RIGHT()
LEFT() MIDDLE()
BELOW() LEFT()
procedure PARALLELFOO() BELOW()
ABOVE()
Spawn \
LEFT() MIDDLE() RIGHT()
BELOW()

Nodari Sitchinava — Advanced Parallel Algorithms



Parallel for loop

for i = 1 to nin parallel do

alil = a[i] + 1
\




Parallel for loop

for i = 1 to nin parallel do

alil = a[i] + 1

™~

Spawn nthreads ty, b, . . . f,

Each thread f; (where i =1,2, ..., n) do:
alil = a[i] + 1

Synchronize all n threads
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Parallel for loop

for i = 1 to nin parallel do

™~

alil = a[i] + 1

Spawn nthreads ty, b, . . . f,

Each thread f; (where i =1,2, ..., n) do:
alil = a[i] + 1

Synchronize all n threads

Parallel Runtime: O(1)
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Simple example

fori=1tondo
al] = ali]+ 1




Simple example

fori=1tondo
al] = ali]+ 1 -~




Simple example

fori=1tondo
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Simple example
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Simple example
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Simple example
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Simple example
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Simple example

fori=1tondo
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Simple example

fori=1tondo
al] = ali]+ 1




Simple example

fori=1tondo
al] = ali]+ 1




Simple example

fori=1tondo
al] = ali]+ 1




Simple example

fori=1tondo
al] = ali] + 1

for i = 1 to nin parallel do
ali] = a[i] + 1
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Simple example

fori=.1to.ndo 61974152 o(n)
al] = a[i] + 1

for i = 1 to nin parallel do
ali] = a[i] + 1

T~

Start nthreads t4, b, . . . t,
Each thread t; (where i =1,2, ..., n) do:
alil = ali] + 1
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Simple example

fori=.1to.ndo 61974152 o(n)
al] = a[i] + 1

fori=' 1 t0{7in parallel do 51813141
ali] = a[i] + 1

T~

Start nthreads t4, b, . . . t,
Each thread t; (where i =1,2, ..., n) do:
alil = ali] + 1

Nodari Sitchinava — Advanced Parallel Algorithms



Simple example

Time
al] = a[i] + 1
i=1 2 3 4 5
. . BRERE
for i = 1 to nin parallel do 51813141

alil = ali] + 1

T~

Start nthreads t4, b, . . . t,
Each thread t; (where i =1,2, ..., n) do:
alil = ali] + 1
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Simple example

Time
for/=.1to.ndo ARNINEE o(n)
al] = a[i] + 1
i=1 2 3 4 5
. . VYOV oY Y
for i = 1 to nin parallel do 61974152

alil = ali] + 1

T~

Start nthreads t4, b, . . . t,
Each thread t; (where i =1,2, ..., n) do:
alil = ali] + 1
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Simple example

Time
al] = a[i] + 1
i=1 2 3 4 5
. . BRERE
for i = 1 to nin parallel do 619141512 o)

alil = ali] + 1

T~

Start nthreads t4, b, . . . t,
Each thread t; (where i =1,2, ..., n) do:
alil = ali] + 1
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Simple example

Time
al] = a[i] + 1
i=1 2 3 4 5
. . BRERE
for i = 1 to nin parallel do 619141512 o)

alil = ali] + 1

T~

Start nthreads t4, b, . . . t,
Each thread t; (where i =1,2, ..., n) do:
alil = ali] + 1

[Parallel Time = time of the slowest thread]
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