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Overview

- Graph coloring revisited

- Sequential FF

- Parallel FF

- Generalized Parallel FF

- CSP example

- Impementation of Generalized Parallel FF explained

- Evaluation
- Performance
- Correctness



Vertex coloring

- Assignment of "colors" to vertices in a so that no two
adjacent vertices share the same color

- First-Fit is the simplest algorithm

- works by assigning the smallest possible integer as color to the
current vertex of the graph



http://en.wikipedia.org/wiki/Vertex_(graph_theory)�

Sequential FF

- Umland (1998) demonstrates a 2-step sequential FF
algorithm:
* (1) Build(L;,v;): Determine a list L; of all possible colors for v;, i.e.
exclude colors already used by vertices v;,j < i adjacent to v;
- L; -- a boolean array (possibility list of v;) with property:
* Lilk] = false & 3v; such that j < i,(vi,vj) € E and f(vj) =k

- (2) Color(L;,v;): Determine the smallest of all possible colors for
v;, i.e. look for the smallest entry in L; where L;[k] = true and
assign color k to v;



Sequential FF E.g. Step O
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Sequential FF E.g. Step 1

L, ={t,t,t,t},k=0




Sequential FF E.g. Step 2

L, = {t,t, t, t},k=0 Ly = {f,t,t,t} Ls = {f,t,t,t} L, ={f, t,t,t}
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L, = {t,t, t,t},k=0 Ly = {f, t,t,t} Le = {f, t,t,t} Lg = {f, t, t, t}



Sequential FF E.g. Step 3
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L2={t,t,t,t},k=0 L4={f!t!t’t} L6={frf:t:t} L6={f:f:t:t}



Sequential FF E.g. Step 4

L, = {t,t, ¢t t},k=0 Ly ={f,t t t}k =1 Ls ={f,f,t, t} L, ={f,f,t t}
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L, = {t,t, t,t},k=0 L,={ftt,tL k=1 Le ={f,f.t t} Le ={f.f, t t}



Sequential FF E.g. Step 5
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L, = {t,t, t,t},k=0 L,={f,tt,tL k=1 Le ={f,f.t t} Le={f.f.f t}



Sequential FF E.g. Step 6

L, ={t,t,t,t},k=0 Ly ={f,t t t}k =1 L ={f,f,t t} k=2 L, ={f.f.f t}
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L, = {t,t, t,t},k=0 L,={f,tt,tL k=1 Lo ={f,f, t t} k=2 Le={f.f.f t}
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Sequential FF E.g. Step 7

L, ={t,t,t,t},k=0 Ly ={f,t t t}k =1 Ls ={f.f,t,t}k=2 L, ={ff,f, tLhk=3
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L, = {t,t,t,t},k=0 Ly=1{f,t,t,thk=1 Le = {f.f.t, t},k=2 Le={f.f.f.]}



Sequential FF E.g. Step 8

L, ={t,t,t,t},k=0 Ly ={f,t t t}k =1 Ls ={f.f,t,t}k=2 L, ={ff,f, tLhk=3

L, = {t,t, t,t},k=0 L,={f,tt,tL k=1 Le ={f,f, t t} k=2 Le={f.f.f,f},k=4



Parallel FF (Vertex Based)
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Figure 2: Parallel first fit with 5 vertices and 5 processors.



Generalized Parallel FF (Subgraph
Based)
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Color(L.v 1
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Figure 3: Generalized parallel first fit (16 vertices, 4 processors).



CSP explained using a simple example

1 | class CSPDemo

2 14

3 public static void main(String[] args)

1 {

5 One20neChannel chan = Channel.one2one ();

6

7 new Parallel

S (

9 new CSProcess ][]

10 {

11 new SendEvenIntsProcess (chan.out()),
12 new ReadEvenIntsProcess (chan.in())
13 }

14 J.run ();

15 !

16 |}




Writer

1 |class SendEvenIntsProcess implements CSProcess
2 |4

3 private ChannelOutput out;

.

5 public SendEvenIntsProcess(ChannelOutput out)
6|

7 this.out = out:

s

9

10 public void run/()

11 {

12 for (int i = 2; i <= 100; 1 =1 + 2)

13 {

14 out.write (new Integer (i));

15 }

16

17 }

18

19 |}




Reader

1 | class ReadEvenIntsProcess implements CSProcess
2 |

3 private Channellnput in;

4 public ReadEvenlIntsProcess(Channellnput in)
50

6 this.in = in;

T

8

9 public void run()

10 {

11 Integer d = 0;

12 while (d < 100)

13 {

14 d = (Integer)in.read();

15 System.out.println ("Read: " + d.intValue ());
16 }

17 )

18 |}




Output

- Read: 2
- Read: 4
- Read: 6

- Read: 100



Class Diagram for FF Implementation

<=lava Clags=>
=<Java Class==
& FF

SharedFFData
E{deraun package) {default package)
o time: double

of L List=Boolean=[] .
of hashtable_coloring: Hashtable<integer, Integer= efid © n_colors_used: int
of graph: Graph = if'ﬂbtar'n_mfon'ng(,l-: void

n_wvertices: int 0.1 ﬂa createSharedFFDataiGraph): void
of nodesrray: Nodel] &+ getColorsUsed(): int
& colors: Color]] 03 buildAlint, int): void

<P build{int,int): void

3
& SharedFFData(Graph)
<F color(int}: int

<» wisualize(boolean): void

<=lava Clags=>

(= ParallelFirstFit
(default packags) <<Java Clasg»>
% token: Object -=ff | @ SequentialFirstFit
@ n_threads: int 5 1—} {dl?fault pachauE}
o use_sequential boolean " o partial_vertices: int
@ obtain_coloring(}: void @ obtain_coloring(}: void

<<Java Clagg»>>

(2 FFProcess <<Java Class==
[default package) (& FFGeneralProcess
& identity: int (default packags)
0 pre'-r.: OnezOneChannel 1 @ FFGeneralProcess(One20neChannel One20neChannel,int)
© next: OneZ0neChannel = get_top_or_bottom(int, boolean): int
& FFProces=s(0One20neChannel One20neChannel int} @ get_top(int): int
<» read(). boolean E get_bottomiint): int
< wirite(): void @ run(). void

@ run(). void




Creating Parallel CSP Process

1 | public void obtain_coloring()

> |

3 One20neChannel prev = null, next = null;

4 //create channel between this process and previous process
) //create channel between this process and next process

6 //first process doesn’t have channel to previous process

7 for (int i = 0; i < n_ threads; i++)

s {

9 next = Channel.one2one ();

10 if (i = n_threads — 1)

11 next = null; //last process doesn’t have channel to next proccess
12 csprocesses [1] = new FFGeneralProcess(prev,next,i);
13 prev = next;

14 }

15 //construct a parallel

16 Parallel parallel = new Parallel (csprocesses);

17 //run parallel

18 parallel .run ();

19

20 |}




Synchronization using CSP token passing

1 |protected boolean read ()

2 | {

3 try

1 {

5 prev.in ().read ();

6

7 catch (NullPointerException e)

8

9 //first process will not have a prev channel,
10 //therefore the process shouldn’t get stuck
11 return true; //returns true ezxzception

12 }

13 return false;

14 |}

15

16 |protected void write ()

17 [{

18 try

19 {

20 next.out (). write (token );

21 }

22 catch (NullPointerException e)

23 {

24 //last process will not have a mnext channel,
25 //therefore the process shouldn 't get stuck
26 }

27 |}




1 |public veid run() ?é ) !
214 If N doesn’t divide n, " o
3 //obtain subgraph vertices Th b hs h | : write ();
4 int bottom = get hottom(identity); € subgrap S_ ave equa 55 1
5 int top = get_top(identity ); number of vertices except the 56
5 S . last one which has less g'g for (int j = next_top; j < sffd.n_vertices; j+4)
if (identity = !
8 { 50 Node nextNode = sffd.graph.getNodeArray ()[j];
] ParallelFirstFit . sff.partial vertices = top: 60
10 ParallelFirstFit . sff.obtain coloring(): 6l //subgraph iteration
ﬂ }1 62 read ();
13 ? se 63 for (int i = bottom:; i < top; i+4)
R . . 64 {
14 f t i = bottom; top;
15 {Or (int i ottom; i < top; 1+4) 65 e of Node node = sffd . nodeArray[i];
: o : 66 | Outside of csp J/if there is an edge, you build
16 if (read if it throws an exception ’
17 ( 0 7741 g (7| Process, uses if (nextNode.getEdge(node) != null)
18 J/this is so we give the first coldr © synch object {
19 sffd . hashtab oring.put(i, i); 69 int color = (Integer) sffd.hashtable coloring.get(i):
20 } 70 build (color, j);
2 else 71
2 { 72
23 color(i): 73
gf } } T4 }
i 5
26
27 : 6
28 //last processor doesn’t do any building , so quit here
29 if (identity = n_threads — 1)
30 {
3 return;
32 }
33
3 int next top = get top(identity + 1):
35 top = get_bottom(identity+1)
36 for (int j = top; j < next top; j++4)
a7 {
38 Node nextNode = null:
39
40 nextNode = sffd.graph.getNodeArray ()[j];
41
42 //subgraph iteration
43 read ();
44 for (int i = bottom: i < j: i4++4)
45 {
16 Node node = sffd.nodeArray[i];
47 //if there is an edge. you buil
48 if (nextNode.getEdge(node) != jhull)
49 {
50 int color = (Integ sffd . hashtable coloring.det(i):
51 build (color, j):




Evaluation

- Time to generate graph was not counted

- Pre-generated for all trials
- 2,000 vertices and 999,001 edges

- On MTL
- For 1,4,8,12,16,20,24,28,32 cores

- For1,4,8,12,16,20,24,28,32,64,128,140 threads
* For 12 iterations

- Took approx. 10 hours
- Iteration=0 not reported



Obtained colors

Histogram of Obtained Mumber of Colors on MTL
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Mean execution time

Parallel FF Time
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Mean speedup
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Mean speedup

A closer look...
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Mean speedup

An even closer look
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Speedup for ny,.,4=32;140
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Peak performance

- Was not reached due to 140 threads limitation on MTL

- Single iteration on Laptop to investigate peak
performance

- 4 cores with hyperthreading

- Intel Core i7 720QM @ 1.60GHZ
- 6Gb DDR3

- MS Windows 7 Pro 64-bit SP1
- Investigated

threads — 22 23 ;1536,211



Time

Parallel FF Performance on Laptop
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Time

The Impact of Sequential First Fit
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Test for correctness

- Test cases created using viz tool introduced in
assignment 1

- Helped greatly!

- All subgraph partitioning scenarios were tested too

- Graphs were picked to test all possible subgraph partitioning
scenarios, E.g. 8 node graph:

- P, — nodes 1-1, P, — nodes 2-2,..., Pg — nodes 8-8
- P, — nodes 1-2, P, — nodes 3-4,..., P, — nodes 7-8
- P, — nodes 1-3, P, — nodes 4-6, P; — nodes 7-8, etc...
- Print statements and sorting the output alphabetically:
- System.out.printin(“CSProccess id:”+identity+”,some test stuff”);
- | know it's not the best way!
- Will try pathfinder in assignment 3



Conclusion & Future Work

- Based on observation algorithm performs better when
n >N

threads cores
- Consistent (to some extent) with Umland’s (1998) findings

- Modeling

- optimal ny, .4 Should be predictable using

°n n Neqges: @Nd pOssibly other variables

cores’ ''vertices!



Questions?

- References

- Thomas Umland. Parallel graph coloring using JAVA. In
Architectures, Languages and Patterns for Parallel and Distributed
Applications, pages 211-218. I0S Press, 1998.
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