FREATHELRE ¢ MP TP E YA

R &g - B R AL At e HER (D
GERAESIC D

ko u Bl
3 F % 5L ¢ NSC 94-2213-E-216-028-

#oF R 942082 0lp3x95E072% 31F
foFE B ETAERY

o SRR RS
BN N SRS i I
VESEAR RIS A EMR v LR REFR R 2P

F oL o R NARBERIL O EELEF LB



Q)

NSC94-2213-E-216-028-
94 08 01 9%5 07 31

&#63991

95 10 16



m-= 5 # 4

T R B R e kX g
RERRPELR g aE e, T T

WP EFIF- BE R A A AGVE RS

phas W oRNAEE O AP
34 sl ¢ NSC 94-2213-E-216 -028
HEFHREF D 94£811p 195&877 31p

B SRR = RS 2

P - R

VESEAR v ER - F 2P BTG

= %47 2 83 (% _-;-F'*TL/FELEJL@»%) Wi gaEy I FFRL
AR RIS FFE T R 2

Di@“ﬂiﬁpﬁ FIRL -

ENE =gl Sy e e

(R 2 @%v%va~@

=X
(R & TR 2Ry RE 3 -

BB N AR LR CRLALERNE A ARTELY
FEEE T @R Ay
I:I/H).ZK '%?'JE\‘E fs %”%E%é‘% ’ D"’ -&I:I.: = o F Q\F;!E E‘Eéj
PEHER Y EAF TR



Rt g v BRI A A2 ﬁ‘%iﬂ

v 2,
EH P %@ﬁ

'Y E g Faa e
PHEL R TR

HF&:

Rl B AR aFitMGEE- BIERELO N RE 2 E GOt NEF AR D
AR AR A o A P R - BARE RPN o AR DA & P0G R
BB - B 2 g HAAr S kit FEEA AT TR RS e AR R
7P o g s fl* Compact Set ki A F ALl 3 ;“ﬁ“,u PRIl NS ] aﬁrgj
#"ﬁ i RenpE > e Jr#"\ Al B0 A 2" best methodology ~ 3-3 A 7% ~ 4 2L
B E BRI RIFEF L E %Lﬁ\ ER Ak ;H;j—m.l TR E B o B A P Mg e 3 e T
FREL S Web i 2 TR RERPAF P AR NL FEF R Y U RERS b
§?§ﬁﬁﬁgﬁﬁﬂﬁm?%m@?(Umm FREFY TED Y Ak R
Zhwc BREFEY B A NE ZRRPFHERTY 0 FET G - R AT
Lecture Notes in Computer Science(SCI), Springer-Verlag % 7| & 3 # > ‘,% IS NN N e
Hrik Jr# % = 2_ 4k (UTCE: Ultrametric Tree Construction and Evaluation platform ) #3 i& &b
&I E AR AR B R I AR # 4t The Evolutionary Genomics and Bioinformatics
Symposium and Workshop (EGBS 2006) 2. E=4F +* # i f& 1¥ Excellent Poster Prize e

MeEse " FIEFRI - A LB R TR AR T R

Abstract:

The construction of evolutionary tree is an important problem in biology and taxonomy. The purposes for
studying phylogenetics include (1) reconstructing the correct genealogical ties between species and (2)
estimating the time when a divergence occurs between species from a common ancestor. Usually, these
can be done by constructing evolutionary trees to obtain plenty of information. Often, we assume
evolutionary tree is an ultrametric tree whose leaves are the present species and whose interior nodes
represent the ancestors of the species. By the definition of an ultrametric tree, the distances from root to all
the leaves are the same, and it means that the present species have the same progresses in evolution so far.
In the project, we developed an effective parallel algorithm to construct an optimal ultrametric
tree from a given distance vector by using Branch-and-Bound technique based on clustering
technique from Compact Set. Also, we have studied some methods to speedup the ultrametric
tree’s construction, for example, 2" best methodology, 3-3 relationship and 4 points relationship.
In addition, we implemented an efficient ultrametric tree’s construction algorithms for Cluster
computing environment. Finally, we integrated the related results to provide an efficient as well
as user friendly Web-base ultrametric tree construction environment (UTCE: Ultrametric Tree
Construction and Evaluation platform ) .

Keyword : Ultrametric Tree ~ Branch and Bound ~ Revolutionary Tree Evaluation ~ PC Cluster ~

Grid Computing
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Parallel and Distributed Lab. | Chung Hua University

Welcome to UTCE paltform

Home UTCE is a platform with tools for ultrametric tree construction and tree evaluation. The major components of UTCE include: (1) PBBU, (2) 3PR. (3) 4PR. (4) Sequence
I . Tree Alignment. Constructing phylogenetic trees is an important problem in the taxonomy. An ultrametric tree, asssuming the rate of evolution is considered constant. is a
rooted, leaf labeled, and edge weighted binary tree. UPGMA is one of well-known ultrametric tree building algerithms. It adopted a heuristic algerithm and can not
3-Point Relationship guarantee the constructed phylogenetic tree with minimum size.

4-Point Relationship PBEEU is a Parallel Branch-and-Bound algerithm for constructing minimum Ultrametric tree and executed in a PC cluster.

Sequence Alignment 3-Point Relationship (3PR) and 4-Point Relationship (4PR) are two logical methods to evaluate a phylegenetic tree and the corresponding distance matrix. In 3PR, for any
triplet of species (a. b. ¢}, itis contradictive if the least common ancestor relation in a distance matrix is not preserved in the constructed phylogenetic tree. In 4PR. a

Contact Us species is contradictive if it causes some of contradictive sets. A set of4 species (a, b, ¢, d) is contradictive if this set has 4 least commen ancester relations: ((a.b).c);.
((a,b).d):, ((a.c).d):, ((b.d).c); or {{a,b).c). ({ab).d):, {(a.c).d):, {{c.d).b):.

UTCE also provides a simple dynamic programming algorithm (17) to compute the edit distance among any two species (a, b) and then gives biologists a rough distance
matrix.

Moreover, there are 7 examples, including 4 Human Mitochondrial DNA + Chimpanzee Mitochendrial DNA, bateriophage T7 sequences, and 2 Mammalian Mitochondrial
DNA. Click here
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Info Parallel Utrametric Tree

It is a parallel branch-and-bound algorithm to construct an minimum ultrametric tree from a distance matrix with the number of species and time
constraints.

we strongly suggest that biclogists should design the distance matrix based on their knowledge.

There are 7 examples, including 4 Human Mitochondrial DNA + Chimpanzee Mitochondrial DMNA. bateriophage T7 sequences, and 2 Mammalian
Mitochondrial DNA. Click here

Select number of processors
Number of 2 processors ¥

processors
Help
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Select 1hour =

computation

time (time

constraint)

Help

Type your input distance matrix

Input Distance 21 il
Matrix (PHYLIP  [chimpanzee © 108 108 106 109 109 116
format) W.Pygmy_1 188 © 2 11 10 16 11

el W.Pygmy 2 108 2 ) 18 7 7 E
Help A.American 106 11 1e [¢] 9 9 le =
4 »

Submit I

Bl = : Parallel Ultrametric Tree & 1‘]& 3 iﬂ' @?J SR

Initial bound got from UPGMM: 542
The cutput is optimal ultrametric tree.

————— Ultrametric Tree —-----

(Chimpanzee, (((!Kung_8, (!Kung 7, !Kung_10)), (((((Asian_ 84,Asian 85), (Asian_88,Asian 87)),European_8), (P.NewG_81,P.N
(0, (008, (7,10)), (CC((15,16),(19,18)),20), (12,13)), ((1,2), (((&,;5),4),3)))), (((9,11),17),14)));

Cost: 542

(Chimpanzee, (((!Kung 8, (!Kung 7, !Kung 10)), (((((Asian 84,Asian 85),European 8), (Asian 88,Asian 87)), (P.NewG 81,P.N
(0, €08, (7,10)), ((C((15,18),20),(18,18)), (12,13)), ((1,2), (((&,5),4),3)))), (((9,11),17),14)));

Cost: 542

(Chimpanzee, (((!Kung_8, (!Kung_7, !Kung_10)), ((((Asian_84,Asian_85), (European_8, (Asian_88,Asian_87))), (P.NewG_81,P.N
(0, CC(8, (7,10)), ((((15,16), (20, (19,18))), (12,13)), ((1,2), (((&,5),4),3)))), (((9,11),17),14)));

Cost: 542

77777 Input distance matriz ———

21

Chimpanzee 0 108 108 106 109 109 110 102 112 121 101 125 10e 106 135 107 107
W.Pygmy 1 108 0 =) 11 10 10 11 17 27 34 17 38 23 25 43 22 22
W.Pygmy_ 2 108 =) 0 10 7 7 8 18 28 35 18 37 22 24 45 19 21
A.American 10e 11 10 0 9 9 10 19 29 35 19 37 23 25 47 26 22
E.Pygmy_4 108 10 7 9 0 2z <) 18 26 35 18 35 22 z24 43 21 21
E.Pygmy_5 108 10 7 9 2 0 1 18 28 36 18 36 22 24 44 21 21
E.Pygmy 6 110 11 8 10 3 1 0 19 29 37 19 37 23 25 45 22 22
'Kung_7 102 17 13 19 18 18 19 0 12 21 2 29 16 19 42 17 15
'Kung 8 112 27 28 29 26 28 29 12 0 27 14 35 26 29 48 27 25
'Kung_9 121 34 35 35 35 36 37 21 27 0 23 10 35 38 23 36 34
'Kung_10 101 17 13 19 18 18 19 2 14 23 0 29 16 19 42 17 15
P.NewG_80 125 38 37 37 35 36 37 29 35 10 29 0 27 33 19 30 26
P.NewG_81 10e& 23 22 23 22 22 23 16 26 35 16 27 0 8 42 15 13
P.NewG_82 1086 25 24 25 24 24 25 19 29 38 19 33 8 0 38 17 17
Hadza 83 135 48 45 47 43 44 45 42 43 23 42 19 42 38 0 41 40
Asian 84 107 22 19 26 21 21 22 17 27 36 17 30 15 17 41 0 10
Asian 85 107 22 21 22 21 21 22 15 25 34 15 26 13 17 40 10 0
Asian 86 127 43 42 44 39 41 42 36 38 17 36 11 34 38 23 29 27
Asian_87 107 26 23 26 23 23 24 19 29 38 19 30 17 21 43 14 12
Asian_88 111 22 19 24 21 21 22 17 27 36 17 28 15 13 40 12 10
European_8 111 25 22 z24 21 21 22 18 28 33 18 25 16 20 38 13 11
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3-Point Relationship (3PR)

3PRis a logical method to check least common ancester relation for any triplet of species (a, b, ¢) in a distance matrix,
which is preserved or not in the constructed phylogenetic trees.

Info
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Help

Type your input distance matrix

Input Distance | [71 i’
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W.Pygmy_2 108 3 0 1 7 7 8
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‘. »

Type your evolutionary tree
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Help E .IPygmy_dl] LA American)))), ((( !Kung_IQ,P.NewG_SG)  Asiz

Ll »

Submit |
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Info Multiple Sequence Alignment

Transfer a multiple sequence alignment result to a distance matrix

In general. biologists use a famous alignment tool. e.qg.. Clustalw, to give a multiple sequence alignment
result for observed species at first. Then partial alignmnet results are modified by hand based on their
knowledge. UTCE provides a process to transfer the multiple sequence alignment result as an input from
biologists to a distance matrix under the edit distance definition.

Type your emai address

E-mail |mail@mail.com|

Help

Type your sequences

Multiple CLUSTAL W (1.82) multiple sequence alignment i’

Seguence

(ALN/Clustalw

format) As::Lan_S? TTCTTTCATGGLGAAGCAGATTTGGGTGLCAC
Asian_g3 TTCTTTCATGGGGEAAGCAGATTTGGGTACCAC T

He||g ‘I I 4

Step 3 Press submit
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An Efficient Parallel Algorithm for Ultrametric Tree
Construction Based on 3PR*

Kun-Ming Yu!, Jiayi Zhou>** , Chun-Yuan Lin3, and Chuan Yi Tang4

! Department of of Computer Science and Information Engineering, Chung Hua University
% Institute of Engineering Science, Chung Hua University
3 Institute of Molecular and Cellular Biology, National Tsing Hua University
* Department of Computer Science, National Tsing Hua University
300, Hsinchu, Taiwan, R.O.C
' yu@chu.edu.tw, ° jyzhou@pdlab.csie.chu.edu.tw,
* cyulin@mx.nthu.edu.tw, ' cytang@cs.nthu.edu.tw

Abstract. In the computational biology and taxonomy, to construct phylogenetic
tree is an important problem. A phylogenetic tree can represent the relationship
and histories for a set of species and helpful for biologists to observe existent
species. One of popular model is ultrametric tree, and it assumed the evolution
rate is constant. UPGMA is one of well-known ultrametric tree algorithm.
However, UPGMA is a heuristic algorithm, and it can not guarantee the
constructed tree is minimum size. To construct minimum ultrametric tree (MUT)
has been shown to be an NP-hard problem. In this paper, we propose an efficient
parallel branch-and-bound algorithm with 3-Point Relationship (3PR) to reduce
the construction time dramatically. 3PR is a relationship between a distance
matrix and the constructed phylogenetic tree. The main concept is for any two
species closed to each other in a distance matrix should be also closed to each
other in the constructed phylogenetic tree. We use this property to mark the
branching path with lower priority or higher, then we move the lower ranked
branching path to delay bound pool instead of remove it to ensure the optimal
solution can be found. The experimental results show that our parallel algorithm
can save the computing time and it also shows that parallel algorithm with 3PR
can save about 25% of computing time in average.

Keywords: phylogenetic tree, minimum ultrametric tree, parallel branch-and-
bound algorithm, 3-point relationship, 4-point relationship.

1 Introduction

To construct phylogenetic trees is an important problem in the computational biology
and in taxonomy, the phylogenetic tree can represent the histories for a set of species
and helpful for biologists to observe existent species or evaluate the relationship of
them. However, the real evolutionary histories are unknown in practice. Therefore,
many methods had been proposed and tried to construct a meaningful phylogenetic
tree, which is closing to the real one.

* The work is partially supported by National Science Council. (NSC 94-2213-E-216 -028).
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In the input of distance matrix, a phylogenetic tree is constructed according to the
distance matrix [10,11]. In general, these values are edit distances between two
sequences of any two species. There are many different models and motivated
algorithmic problems were proposed [1,9]. However, most of optimization problems
for phylogenetic tree construction have been show to be NP-hard [2-4,6,7]. An
important and commonly used model is assumed that the rate of evolution is constant.
Based on this assumption, the phylogenetic tree will be an ultrametric tree (UT),
which is rooted, leaf labeled, and edge weighted binary tree. Because many of these
problems are intractable and NP-hard, biologists usually construct the trees by using
heuristic algorithm. The Unweighted Pair Group Method with Arithmetic mean
(UPGMA, [1]) is one of the popular heuristic algorithms to construct UTs.

Although construct MUTs is an NP-hard problem, it is still worthy to construct for
middle-size of species. Thus, it seems possible to find an optimal tree using
exhaustive search. Nevertheless, for n species, the number of rooted and leaf label
tree is, it grows very rapidly. For example, A(10) > 107, A(20) > 1021, A30) > 10%7.
Hence, it is impossible to exhaustively search for all possible trees even n are middle-
size. Wu et al. [13] proposed a branch-and-bound algorithm for constructing MUT's to
avoid exhaustive search. The branch-and-bound strategy is a general technique to
solve combinatorial search problems.

In this paper, 3-Point Relationship (3PR) is used to construct MUTs more
efficiently. 3PR is the relationship between a distance matrix and the constructed
phylogenetic tree. The concept is that in triplet of species (a, b, ¢), any of two species
which is closed to each other in the distance matrix should aslo be closed to each
other in the constructed phylogenetic tree in a distance matrix. The experimental
results show that PBBU with 3PR can reduce about 25% computation time both in
sequential and parallel algorithms.

The paper is organized as follows. In section 2, some preliminaries for sequential
branch-and-bound algorithm and 3PR are given. Parallel algorithm is described in
section 3. Section 4 shows our experimental results, and final section is our conclusions.

2 Preliminaries

In this paper, we present PBBU with 3PR for construct minimum ultrametric tree. In
the following, we denote an unweighted graph G=(V,E,w) with a vertex set V, an edge
set E, and an edge weight function w. Some definitions are given as follows:

Definition 1: A distance matrix of n species is a symmetric nXn matrix M such that
Mli, j1=0 forall M[i,i]=0,andforall 0<i,j<n.

Definition 2: Let T =(V,E,w) be an edge weighted tree and u,ve V . The path length
from u to v is denoted by d; (u,v) . The weight of T is defined by w(T') = Z w(e) .

ecE

Definition 3: For any M (not necessarily a metric), MUT for M is T with minimum
w(T) such that L(T)={l,...,n} and d; (i, j) 2 M[i, j] for all 1<i, j<n. The problem
of finding MUT for M is called MUT problem.
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Definition 4: Let P be a topology, and a,be L(P). LCA(a,b) denotes the lowest
common ancestor of a and b. If x and y are two nodes of P, we write x — y if and
only if x is an ancestor of y.

Definition 5: The distance between distance matrix and rooted topology of
phylogenetic trees is consistent if M[i, j]<min(M[i,k],M[j,k]) if and only if

LCA(, j) < LCA(i,k) = LCA(j,k) for any 1<1, j,k <n. Otherwise is contradictory.

2.1 Sequential Branch-and-Bound Algorithm for MUTSs

In the MUT construction problem, the branch-and-bound is a tree search algorithm
and repeatedly searches the branch-and-bound tree (BBT) [8,14] to find a better
solution until optimal one is found. The BBT is a tree which can represent a topology
of UTs. Assume that the root of BBT has depth 0, hence each node with depth i in
BBT represents a topology with a leaf set {1,...,i+2}.

2.2 3-Point Relationship (3PR)

3PR is a logical method to check the LCA relation for any triplet of species (a, b, ¢) in
a distance matrix, which is preserved or not in the constructed phylogenetic trees. For
any two species (a, b), LCA(a, b) denotes the least common ancestor of (a, b). If (x, y)
are two nodes in a phylogenetic tree, x — y is written if x is an ancestor of y. For a
triplet of species (a, b, ¢) in the distance matrix M, if the distance M[a, b] of species a
and b is less than M[a, c] and M[b, c], LCA(a, ¢)=LCA(b, ¢) — LCA(a, b) (as ((a, b),
¢); in Newick tree format). For a triplet of species (a, b, c), it is contradictive if the
least common ancestor relation in a distance matrix is not preserved in the constructed
phylogenetic tree. 3PR can be used to evaluate the qualities of constructed
phylogenetic trees. A phylogenetic tree is considered unreliable if the number of
contradictive triplets is large. The evaluated result may be useful for biologists to
choose a feasible phylogenetic tree construction tool.

3 Parallel Branch-and-Bound Algorithm with 3PR

Parallel Branch-and-Bound Algorithm with 3PR (PBBU with 3PR) is designed on
distributed memory multiprocessors and the master-slave architecture. The PBBU
uses a branch-and-bound technique to avoid exhaustive search of possible trees. For
load-balance purpose, the master processor (MP) contains a Global Pool and each
slave processor (SP) has Local Pool, moreover we use new data structure instead of
the link list to store BBT.

In [5], 3PR is applied as a tree evaluation method. We use this property to put
lower rank branching path to Delay Bound Pool (DBP) when selecting branch path in
the branch-and-bound algorithm. For example, Table 1 is the distance matrix and
Figure 1 shows two candidates when inserting the third species c. In PBBU without
3PR, both (a) and (b) candidates need to be added to the pool when branching.
However, topology of (b) is closing to distance matrix, it obtained higher rank, and (a)
has lower rank. In PBBU with 3PR, only (b) (with higher rank) candidate will be
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selected due to the distance of a and c is greater than the distance of b and c. This
result is based on the conception that in a triplet of species (a, b, c¢), any of two
species which is closed to each other in the distance matrix should also be closed to
each other in the corresponding phylogenetic tree in a distance matrix. However, it
cannot be directly used to bound another branching path, and PBBU with 3PR put
others candidates to the DBP to ensure the optimal solution can be found.

Table 1. Distance matrix

b c
25 | 20 a ¢ b a c b
> 0 " (a) (b)
¢ 20 15 0 Fig. 1. Candidate BBT

4 Experimental Results

In the experimental results, we implement PBBU and PBBU with 3PR on a Linux
based PC cluster. Each computing node is an AMD Athlon PC with a clock rate of 2.0
GHz and 1GB memory. Each node is connected with each other by 100Mbps
network. There are two data sets used to test our algorithms. One is a random data set,
which is generated randomly. The distance matrix in the random data set is metric and
the range of distances is between 1 and 100. Another is a data set composed of 136
Human Mitochondrial DNAs (HMDNA), which is obtained from [12]. Its distance
matrix is metric and the range of distances is between 1 and 200. In order to eliminate
the problems of data dependence, for each testing data, we run 10 instances. Then we
compare the average, median, and worst cases.

Figure 2 and 3 show that PBBU with 3PR and delay bound technique can find the
optimal solution and save about 25% of computation time than PBBU without 3PR.
Because 3PR technique move lower ranking candidates which disaccording to 3PR to
delay bound pool, after that, the better bounding value can be found early. Afterward
it can bound more candidates to decreasing computation time.

Figure 4 is the speed-up ratio of HMDNA data set. We observed that the speed-up
ratio of 3PR is better than it without 3PR. Furthermore, the difference between 3PR
and without 3PR is larger when the number of processors increasing. Because of the
tighter bounding value can be found quickly with more processors. It also shows that
our algorithm is scalable in large number of computing resources. Figure 5 shows the
computation time of 16 processors of PBBU with 3PR for different number of
species. We can observe that the computation time grow rapidly when the number of
species increasing. Moreover, the reduced proportion between PBBU and PBBU with
3PR is increasing with larger number of species. We consider that large number of
species contains more candidates that a tighter bounding value which can be obtained
from 3PR technique can also bound grater number of candidates; it can decreasing the
computation time.
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Without 3PR vs. With 3PR (HMDNA) Without 3PR vs. With 3PR (Random)
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5 Conclusions

In this paper, we have designed PBBU with 3PR for constructing MUTs problem. The
3PR is the relationship between distance matrix and constructed evolutionary tree. It
moves candidates which do not fit 3PR to delay bound pool in branch-and-bound
algorithm. After that, we can obtain the tighter bounding value quickly and uses it to
bound more candidates. In order to evaluate the performance of our proposed
algorithm, a random data set and a practical data set of HMDNA are used. The
experimental results show that PBBU with 3PR can find optimal solution for 36
species within a reasonable time on 16 PCs. Furthermore, the speed-up ratio shows
the performance of our algorithm is good in our PC cluster environment. Moreover,
the results also show that PBBU with 3PR can save about 25% in average of
computing time than PBBU without 3PR, and it assured the results are optimal with
the delay bound technique.
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Abstract. Dynamic data redistribution is used to
enhance the performance of an algorithm and to
achieve data locality in parallel programs on
distributed memory multi-computers. Therefore,
the data redistribution problem has been
extensively studied. Previous results focus on
reducing index computational cost, schedule
computational cost, and message
packing/unpacking cost. However, irregular data
redistribution is more flexible than regular data
redistribution; it can distribute different sizes of
data segments of each processor to those
processors according to their own computation
capability. High Performance Fortran 2 (HPF-2),
the current version of HPF, provides an irregular
distribution functionality, such as GEN_BLOCK
which addresses some requirements of irregular
applications for the distribution of data in an
irregular manner and explicit control of load
balancing. In this paper, we present a
degree-reduction-and-coloring (DRC) algorithm
for scheduling HPF2 irregular array redistribution.
We devoted to obtain the minimal number of
transmission steps as well as to reduce the overall
redistribution time. The proposed algorithm
intends to reduce the number of maximum
transmission messages in the first phase and then
applies graph-coloring mechanism to obtain the
final schedule. The proposed method not only
avoids node contention, but also shortens the
overall redistribution time. To evaluate the
performance of DRC algorithm, we have
implemented DRC algorithms along with the
Divide-and-Conquer algorithm. The simulation
results show that DRC algorithm has significant
improvement on communication costs compared
with the Divide-and-Conquer algorithm.

Keywords: Irregular redistribution, communication
scheduling, GEN_BLOCK, degree-reduction

1. Introduction

Parallel computing systems have been widely
adopted to solve complex scientific and engineering
problems. To efficiently execute a data-parallel
program on distributed memory multi-computers, an
appropriate data distribution is critical to the
performance. Appropriate distribution can balance
the computational load, increase data locality, and
reduce  inter-processor Array
redistribution is crucial for system performance
because a specific array distribution may be

communication.

appropriate for the current phase, but incompatible for
the subsequent one. Many parallel programming
languages thus support run-time primitives for
rearranging the array distribution of a program. The
data redistribution problem has been widely studied in
the literature. In general, data redistribution can be
classified into two categories: the regular data
redistribution [1,5,6,7,9,11,13,15,18] and the irregular
data redistribution [4,8,22-24]. The regular data
redistribution decomposes data of equal sizes into
processors. There are three types of this data
redistribution, called BLOCK, CYCLIC, and
BLOCK-CYCLIC(n). The irregular data distribution
employs user-defined functions to specify data
distribution unevenly. High Performance FORTRAN
2 (HPF-2) provides GEN BLOCK functionality and
makes it possible to handle different processors
dealing with appropriate data size according to their
computation capability. Previous works emphasized
the minimal steps of data redistribution and scheduled
the ordering of messages with minimal total
transmission size. In the regular array redistribution,
[15] proposed an Optimal Processor Mapping (OPM)
scheme to minimize the data transmission cost for
general BLOCK-CYCLIC regular data realignment.
Optimal Processor Mapping (OPM) utilized the
maximum matching of realignment logical processors
to achieve the maximum data hits for reducing the
amount of data exchange transmission cost. In the
irregular array redistribution problem, [22, 23]
proposed a greedy algorithm to utilize the
Divide-and-Conquer technique to obtain near optimal
scheduling while attempting to minimize the size of
total communication messages as well as the number
of steps.

In this paper, we bring up the
Degree-Reduction-and-Coloring (DRC) algorithm to
efficiently perform GEN_BLOCK array redistribution.
In section 2, we define the data communication model
of irregular data redistribution and give an example of
GEN_BLOCK data redistribution as the preliminary.
Section 3 describes the DRC algorithm for the
irregular redistribution problem. The performance
analysis, simulation results and practical transmission
with MPI on SMP/Linux cluster are presented in
section 4. Finally, the conclusions are given in section
S.

2. Data communication models

In this section, we present some properties of
irregular data redistribution with GEN BLOCK
functionality. There are no repetitive communication



patterns in the irregular GEN_BLOCK array
redistribution. A data redistribution can be represented
by a bipartite graph, called a redistribution graph. To
simplify the presentation, notations and terminologies
used in this paper are defined in the following.

Definition 1: Given an irregular GEN_BLOCK
redistribution on array A[SPi] and A[DPi] over P
processors, the source processors of array data
elements A[SPi] are denoted as SPi; the destination
processors of array elements A[DPi] are denoted as
DPi where 1 <i <P.

Definition 2: A bipartite graph G = (V, E) is
used to represent the communications of an irregular
data redistribution between source and destination
processors. Vertices of G are used to represent the
processors. Edge e; in G denotes the message sent
from SPi to DPj, where e; € E. |E;| denotes the
transmission message size through the redistribution.

Definition 3: Every message transmission link
in irregular data redistribution is not overlapped.
Hence, the total number of message transmission link
EisP<E<2 x P- 1

Definition 4: Each processor has more than one
e; to send data to destination processors or receive
data from other source processors. The number D of
e; owned by one processor is denoted as D-degree and
the maximum D-degree of all processors is denoted as
Max-degree. We denote that the processors have the
Max-degree number of messages as P,,,.

Definition 5: If SPi sends messages to DPj-1
and DPj+1, the transmission between SPi and DPj
must exist, where / < i, j < P. This result was
mentioned as the consecutive communication property
[12].

Fig.1 shows an example of redistributing two
GEN_BLOCK distributions on A[SPi] and A[DPi].
Table 1(a) shows mapped communication message
size to source processors and destination processors,
respectively. The communications between source
and destination processor sets are depicted in Fig 1.
There are 13 transmission messages, €11, €31, €2, -..€77
among the processors involved in the redistribution.
Due to the considerable influence of node contention,
a processor can only send at most one message to
another processor in each communication step and the
same is true for the receiving message. The messages,
which
communication step, are called conflict tuple. For

cannot be scheduled in the same
instance, {e1,e5;} is a conflict tuple since they have a
common destination processor DP1; {e;1,e,,} is also a
conflict tuple because of the common source
processor SP2. Table 1(b) shows a simple schedule
result for this example.

Figure 1. An example of data redistribution

Table 1(a). The total message size of redistribution
data for each processor in Fig. 1.

SP1 SP2 SP3 SP4 SP5 SP6 SP7

7 27 32 15 15 7 14

DPl | DP2 | DP3 | DP4 | DP5S | DP6 | DP7

16 12 14 17 27 23 8

Table 1(b). A simple schedule

Schedule Table

Stepl: | €34, €ss, €2, €77, €11, €66

Step2: | ese, €23, €35

Step3: | ea1, €33, €55, €76

3. Proposed Algorithm
The performance of a data redistribution
procedure is determined by four costs: index
computational cost 7}, schedule computational cost T,
message packing/unpacking cost 7, and data transfer
cost. The data transfer cost for each communication
step consists of start-up cost 7, and transmission cost
T,. Let the unit transmission time T denote the cost of
transferring a message of unit length. In general, the
message startup cost is directly proportional to the
number of communication steps. The total number of
communication steps is denoted by N. The total
redjstribution time T+T+
(Tp + Tsu + mit) » where m; = Max{e,, e, 3, ..,
ejg1 and e; represents the size of message scheduled in
the i communication step for j = 1 to k. In irregular
redistribution, messages of varying sizes are
scheduled in the same communication step. Therefore,
the largest size of message in the same
communication step dominates the data transfer time
required for this communication step.

The main idea of the
Degree-Reduction-and-Coloring (DRC) algorithm is
to diminish the degree of P,, repeatedly by
scheduling the message in the first step of data
redistribution process until Max-degree is equal to 2.
The remaining messages are then scheduled into the
communication steps by utilizing the concept of
bipartite graph coloring mechanism. The details of the
steps will be described in the following subsections.

equals



3.1 Degree-Reduction Step

The goal in this step is to reduce Max-degree
repeatedly in each iteration, until Max-degree is equal
to 2. An example of 4-degree communication
redistribution has taken as shown in Fig 2. In the first
phase (phase-1) of degree-reduction step, the
messages are sorted by the non-increasing order of
|Ejjl, and the result is shown in Table 2. Then, DRC
selects the messages into stepl of the schedule
according to non-increasing order of message size
except those messages causing the conflict. After
phase-1, the Max-degree will be decreased by 1 (from
4 to 3). Fig 3(a) and Table 3(b) show this scenario.
DRC repeat the procedure until the Max-degree
reaches 2, which is depicted in Fig 4.

Figure 2. A data redistribution example with
Max-degree = 4
Table 2. The messages are sorted by non-increasing
order of message size

Table 4. The schedule after phase-1

Schedule Table

Stepl:|esy, €45, €22, €77, €11, €66

Step2:

Step3:

Step4:

Message number |e3,|e,s/€;,|€65(€21|€33|€77|€11|€35|€46|€32|€76| €55

Message size 17|15{12|110(9 |8 |8 |7 |7 7|66 |5

Mg no. |e34(€45|€22(€65|C21[€33|€77|€11|C35|€66|€32|€76 |55

Msg size[17[15(12(10/ 9| 8|8 |7 |7|7|6|6|5

(b)

Figure 3. The messages communication (a) before
phase-1 of the degree-reduction step; (b) after phase-1
of the degree-reduction step.

(b)

Figure 4. The messages communication (a) before

phase-2 of the degree-reduction step; (b) after phase-2
of the degree-reduction step.

Table 5. The schedule after the procedure of phase-2

Message 1n0. |e34]€qs|€1:|€65|€21|€33|€77|€11 |€35]€66| €32 €76 | €55

Message size|17|15|12(10{ 9 |8 |8 |7 (7|7 |6| 6|5

Schedule Table

Stepl: [esy, €45, €12, €77, €11, €46

Step2: |egs, €21, €33, €76

Step3:

Step4:




3.2 Message-Coloring Step

After completing the degree-reduction step, we
can obtain a redistribution graph with Max-degree of
2 and the resulting redistribution graph is 2-edge
colorable [2], since it is a bipartite graph and its
maximum degree is equal to 2. In the
Message-Coloring Step, DRC schedules the left
messages into the same step in a non-increasing order
to accomplish an optimal scheduling unless a conflict
occurs. Figure 5 shows the outcome of
message-coloring and Table 6 shows the final

schedule obtained from DRC algorithm.

2 38 15 5

=@
=@

8 17 37 13

Figure 5. The outcome of redistribution graph after
applying the message coloring mechanism

Table 6. The final schedule obtained from DRC

Msg no. [es|eus|en|ess|ean|ess| e |enn|ess|eas| e |ers|ess
Msg size|17[15[12({101 9|8 |8 |7|7|7]|6]|6]|5
Schedule Table

Stepl: |esy, 45, €22, €77, €11, €46

Step2: |egs, €11, €33, €76

Step3: |ess

Step4: |es,, ess

The algorithm of the Degree-Reduction-Coloring is
given as follows.

Algorithm DRC
generating messages;
/I generate messages from AS[Pi] to AD[Pi]
step = maximum degree;
sort_msgSize();
// sorting in decreasing order by message size
while (step >2)
{

choose_msg(step);

/I selecting message without conflict tuple, set
into (maximal degree - step + 1) schedule
step

step--

}  // degree-reduction iteration
while ( remaining_messages !=null )
{

selecting_msg(maximal degree-1);

// selecting message set into maximal degree-1

schedule step

check_msg_continue_set();

// check remaining message set

coloring_maximal_msg(maximal degree);

/I color the maximal message with degree
maximal degree -1 and the neighbor
message with maximal degree

} // message coloring mechanism
end of DRCM

4. Performance Evaluation

To evaluate the performance of the proposed
methods, we have implemented the DRC along with
algorithm  [23]. The
performance simulation is discussed in two categories,
even GEN_BLOCK and uneven GEN_BLOCK
distributions. In even GEN_BLOCK distribution, each
processor owns similar size of data. In contrast to

the Divide-and-Conquer

even distribution, few processors might be allocated
by grand volumes of data with uneven distribution.
Since data elements could be centralized to some
specific processors, it is also possible for those
processors to have the maximum degree of
communications.

The simulation program generates a set of
random integer number and the size of message as
A[SPi] and A[DPi]. Moreover, the total message size
sending from SPi equals to the total size receiving to
DPi keeping the balance between source processors
and destination processors.

We assume that the data
(communication) time in the simulation is represented

computation

by the transmission size |E;|. In the following figures,
the percentage of events is plotted as a function of the
message size and the number of processors. Also, in
the figures, “DRC Better” represents the percentage of
the number of events that the DRC algorithm has
lower total computation (communication) time than
the Divide-and-Conquer algorithm, while “DC Better”
gives the reverse situation. If both algorithms have the
same total computation (communication) time, “The
Same Results” represents the number of that event.

In the uneven distribution, the size of message’s
up-bound is set to be B¥1.7 and that of low-bound is
set to be B*0.3, where B is equal to the sum of total
transmission message size / total number of
processors. In the even distribution, the size of
message’s up-bound is set to be B*1.3 and that of
low-bound is set to be B*0.7. The total message-size
is 10M.

Fig 6(a) and 6(b) show the simulation results of
both the DRC and the Divide-and-Conquer algorithm



with different number of processors and total message
size. The number of processors is from 8 to 24. We
can observe that the DRC algorithm has better
performance in redistribution

compared with Divide-and-Conquer algorithm. Since

the uneven data

— 100 p ]
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ODRC better | 8648 | 96.76 | 99.06 | 99.78 | 99.93
B DC better 0.55 0.25 0.1 0.04 0.01
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(a)Uneven data redistribution

the data is concentrated in the even case, from Fig 7(a)
and 7(b), we can observe that DRC has better
performance compared with the uneven case. In both
even and uneven cases, DRC performs better than the
Divide-and-Conquer algorithm.

. 100
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O The same 0.06 0.1 0.04 0.06 0.09

(b) Uneven data redistribution

Figure 6. The events percentage of computing time is plotted (a) with different number of processors and (b) with
different number of total message sizes in 24 processors, on the uneven data set.
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(b) Even date redistribution

Figure 7. The events percentage of computing time is plotted (a) with different number of processors and (b) with
different number of total message sizes in 24 processors, on the even data set.

5.Conclusion
In this
Degree-Reduction-Coloring

have
(DRC) scheduling
algorithm to efficiently perform HPF2 irregular array

paper, we presented a

redistribution on a distributed memory multi-computer.
The DRC algorithm is a simple method with low
algorithmic complexity to perform GEN_BLOCK
array redistribution. The DRC algorithm is an optimal
algorithm in terms of minimal number of steps. In the
same time, DRC algorithm is also a near optimal
algorithm satisfying the condition of minimal message
size of total steps. Effectiveness of the proposed
methods not only avoids node contention, but also
shortens the overall communication length.

For verifying the performance of our proposed
algorithm, we have implemented DRC as well as the
Divide-and-Conquer redistribution algorithm. The
experimental  results show improvement in
communication costs and high practicability on
different processor hierarchies. Also, the experimental

results indicate that both of them have good

performance on GEN_BLOCK redistribution. In
DRC is better than the
Divide-and-Conquer redistribution algorithm.

many situations,
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User Applications

* MPI Applications Can be execute in Grid environment.

Message Passing Library
(MPICH-G2)

* Provide message passing among user MPI Programs.

Grid Middleware
(Globus Toolkit)

* Support job submission, scheduling, resource allocation in Grid environment.
* Provide secure access to remote resource.

Queuing System
(Condor)

* Provide priority-based job queuing and scheduling.

Operating System
(Unix)

* MPICH-G2 & Globus compatible with many platforms include Linux, FreeBSD, Solaris etc...

Network Fabric

*We use GT 3.2.1 and MPICH-G2 1.2.6 on Linux system (Debian).
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Algorithm BBU
Input: An n £n distance matrix M.
Output: The minimum ultrametric tree for M.

Step 1: Relabel the species such that (1, 2.....n) is a

maxmin permutation.
Step 2: Create the root v of the BBT such that v
represents the only topology with leaves 1 and 2.
Step 3: Run UPGMM to find a feasible solution and
store its weight in UB.
Step 4.
while there is a node in BBT do
Delete all nodes v from BBT if LB(v) , UB or all
the children of v have been deleted.
Select a node s in BBT, whose children has not
been generated.
Generate the children of s by using the branching
rule.
If a better solution is obtained, then update UB.
End while
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Input: An * n distance matrix M
Output: The minimum ultrametric trees

Step 1: Master computing node re-label the species
such that feasible maxmin permutation.

Step 2: Master computing node creates the root of the
BBT.

Step 3: Master computing node run UPGMA and
using the result as the initial UB (upper bound).

Step 4: Master computing node branches the BBT
until the branched BBT reach 2 times of total nodes
in the computing environment.

Step 5: Master computing node broadcasts the global
UB and send the sorted matrix the nodes cyclically.

Step 6:
while number of UTs in LP (Local Pools) > 0 or
number of UTs in GP (Global Pools) > 0 do
if number of UTs in LP =0 then
if number of UTs in GP <> 0 then
receive UTs from GP
end if
end if
v = get the tree for branch using DFS
if LowerBound(v) > UB then
continue
end if
insert next species to v and branch it
if v branched completed then
if Cost(v) < UB then
update the GUB (Global Upper
Bound) to every nodes
add the v to results set
end if
end if

if number of UTs in GP = 0 then
send the last UT in sorted LP to GP
end if
end while

Step 7: Gather all solutions from each node and
output it.
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UTCE: Ultrametric Tree Construction and Evaluation platform

Kun-Ming Yu, Jayi Zhou, Chun-Yuan Lin, Chuan Yi Tang

Introduction

UTCE is a platform with tools for ultrametric tree construction
and tree evaluation. Phylogenetic trees can be used by
biologists to describe the evolutionary relationship among of
living species. Many models or tools have been proposed to
construct phylogenetic trees. One of the popular models is an
ultrametric tree with the assumption of a constant rate.
UPGMA is one of well-known ultrametric tree building
algorithms.

Although UPGMA often fails to reconstruct an evolutionary
tree when a molecular clock does not apply, it is suitable for
some cases of clocklike data. Moreover, the assumption of a
constant rate can be used by biologists to estimate or
disprove initial observations or hypotheses for their research
work.

However, UPGMA is a heuristic algorithm and can not
guarantee the constructed phylogenetic tree with minimum
size. UTCE provides an efficient minimum ultrametric tree
construction tool, PBBU, with a parallel branch-and-bound
algorithm. The input of PBBU is a metric distance matrix or
original/pre-aligned multiple DNA/protein sequences of
species.

It should be noted that the constructed phylogenetic tree by
PBBU could not be used to reject other phylogenetic trees by
UPGMA and other tools. The goal of PBBU is to give another
viewpoint for biologists to observe the evolution relationship
of species under the assumption of a molecular clock
hypothesis and the minimum evolution principle. In addition,
in UTCE, two logical methods, 3PR and 4PR, are designed to
evaluate a phylogenetic tree and/or the corresponding metric
distance matrix.
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UTCE is freely available at:
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Parallel Branch-and-Bound

It is a parallel branch-and-bound algorithm to construct an
minimum ultrametric tree from a distance matrix with the
number of species and time constraints. User can specify the
number of processors for computing and time constrain. The
results will send by e-mail within given time.
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The results of PBBU. Here we can observe the
Chimpanzee already separated with others.

Science, 1991, mtDNA in D-loop,
using PAUP* 3.0

wacat
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Nature, 2000, mtDNA not in D-
loop, using PAUP*4.0
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Science, 1992, T7 bacteriophage,
NJ UPGMA also can construct
this tree.
50 human We also obtain this tree by using UTCE with the same
distance matrix from paper.
chimpanzee

gorilla

orangutan
ptt babocn

PNAS, 2006, NJ non-coding
region ENM001

3-Point Relationship (3PR)

3PR is a logical method to check the relation for any triple of
species (a, b, c) in distance matrix, which is preserved or not
in the constructed phylogenetic trees. Moreover, it can
illustrate the consistent between distance matrix and
evolution for various tree construction methods.

Bistance Watrix Neighbor Joining Tree N

(L 2
O) O GO

UPGMA Tree U

d[0,1] = 506 > d[0,7] = 381, however in the NJ ~ ,\
tree, 0 and 1 are closer to each other than 0 ~ I
and 7

. e h) / A \
) SIS S A D ED (zﬁ)

4-Point Relationship (4PR
4PR is another logical method to find contradictive species in

distance matrix by checking the LCA relations in any set of 4
species.

For any set of 4 species (a, b, c, d), it has 4 triplets of species
(a, b, c), (a, b, d), (a, c,d) and (b, ¢, d) and each triplet has its
LCA relation. For any set of 4 species (a, b, c, d), no
phylogenetic tree can conform to all of four LCA relations
when they are ((a,b),c);, ((a,b),d);, ((a,c),d);, ((b,d),c); or
((a,b),c);, ((a,b).d);, ((a,c),d);, ((c.,d),b); and this set is
contradictive.

77777 contradiction sets -----
.American !Kung_7 European_8

A
a

1 E.Pygmy 6 !Kung
E
W
W

=
2
g
3
g
3
s
K
E

The sample output contradiction set.

Sequence Alignment

A simple dynamic programming algorithm is used to compute
the edit distance amount any two species (a,b) with DNA or
protein sequences.
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Abstract. In the computational biology and taxonomy, to construct phylogenetic
tree is an important problem. A phylogenetic tree can represent the relationship
and histories for a set of species and helpful for biologists to observe existent
species. One of popular model is ultrametric tree, and it assumed the evolution
rate is constant. UPGMA is one of well-known ultrametric tree algorithm.
However, UPGMA is a heuristic algorithm, and it can not guarantee the
constructed tree is minimum size. To construct minimum ultrametric tree (MUT)
has been shown to be an NP-hard problem. In this paper, we propose an efficient
parallel branch-and-bound algorithm with 3-Point Relationship (3PR) to reduce
the construction time dramatically. 3PR is a relationship between a distance
matrix and the constructed phylogenetic tree. The main concept is for any two
species closed to each other in a distance matrix should be also closed to each
other in the constructed phylogenetic tree. We use this property to mark the
branching path with lower priority or higher, then we move the lower ranked
branching path to delay bound pool instead of remove it to ensure the optimal
solution can be found. The experimental results show that our parallel algorithm
can save the computing time and it also shows that parallel algorithm with 3PR
can save about 25% of computing time in average.

Keywords: phylogenetic tree, minimum ultrametric tree, parallel branch-and-
bound algorithm, 3-point relationship, 4-point relationship.

1 Introduction

To construct phylogenetic trees is an important problem in the computational biology
and in taxonomy, the phylogenetic tree can represent the histories for a set of species
and helpful for biologists to observe existent species or evaluate the relationship of
them. However, the real evolutionary histories are unknown in practice. Therefore,
many methods had been proposed and tried to construct a meaningful phylogenetic
tree, which is closing to the real one.

* The work is partially supported by National Science Council. (NSC 94-2213-E-216 -028).
* The corresponding author.

G. Min et al. (Eds.): ISPA 2006 Ws, LNCS 4331, pp. 215-220, 2006.
© Springer-Verlag Berlin Heidelberg 2006
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In the input of distance matrix, a phylogenetic tree is constructed according to the
distance matrix [10,11]. In general, these values are edit distances between two
sequences of any two species. There are many different models and motivated
algorithmic problems were proposed [1,9]. However, most of optimization problems
for phylogenetic tree construction have been show to be NP-hard [2-4,6,7]. An
important and commonly used model is assumed that the rate of evolution is constant.
Based on this assumption, the phylogenetic tree will be an ultrametric tree (UT),
which is rooted, leaf labeled, and edge weighted binary tree. Because many of these
problems are intractable and NP-hard, biologists usually construct the trees by using
heuristic algorithm. The Unweighted Pair Group Method with Arithmetic mean
(UPGMA, [1]) is one of the popular heuristic algorithms to construct UTs.

Although construct MUTs is an NP-hard problem, it is still worthy to construct for
middle-size of species. Thus, it seems possible to find an optimal tree using
exhaustive search. Nevertheless, for n species, the number of rooted and leaf label
tree is, it grows very rapidly. For example, A(10) > 107, A(20) > 1021, A30) > 10%7.
Hence, it is impossible to exhaustively search for all possible trees even n are middle-
size. Wu et al. [13] proposed a branch-and-bound algorithm for constructing MUT's to
avoid exhaustive search. The branch-and-bound strategy is a general technique to
solve combinatorial search problems.

In this paper, 3-Point Relationship (3PR) is used to construct MUTs more
efficiently. 3PR is the relationship between a distance matrix and the constructed
phylogenetic tree. The concept is that in triplet of species (a, b, ¢), any of two species
which is closed to each other in the distance matrix should aslo be closed to each
other in the constructed phylogenetic tree in a distance matrix. The experimental
results show that PBBU with 3PR can reduce about 25% computation time both in
sequential and parallel algorithms.

The paper is organized as follows. In section 2, some preliminaries for sequential
branch-and-bound algorithm and 3PR are given. Parallel algorithm is described in
section 3. Section 4 shows our experimental results, and final section is our conclusions.

2 Preliminaries

In this paper, we present PBBU with 3PR for construct minimum ultrametric tree. In
the following, we denote an unweighted graph G=(V,E,w) with a vertex set V, an edge
set E, and an edge weight function w. Some definitions are given as follows:

Definition 1: A distance matrix of n species is a symmetric nXn matrix M such that
Mli, j1=0 forall M[i,i]=0,andforall 0<i,j<n.

Definition 2: Let T =(V,E,w) be an edge weighted tree and u,ve V . The path length
from u to v is denoted by d; (u,v) . The weight of T is defined by w(T') = Z w(e) .

ecE

Definition 3: For any M (not necessarily a metric), MUT for M is T with minimum
w(T) such that L(T)={l,...,n} and d; (i, j) 2 M[i, j] for all 1<i, j<n. The problem
of finding MUT for M is called MUT problem.
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Definition 4: Let P be a topology, and a,be L(P). LCA(a,b) denotes the lowest
common ancestor of a and b. If x and y are two nodes of P, we write x — y if and
only if x is an ancestor of y.

Definition 5: The distance between distance matrix and rooted topology of
phylogenetic trees is consistent if M[i, j]<min(M[i,k],M[j,k]) if and only if

LCA(, j) < LCA(i,k) = LCA(j,k) for any 1<1, j,k <n. Otherwise is contradictory.

2.1 Sequential Branch-and-Bound Algorithm for MUTSs

In the MUT construction problem, the branch-and-bound is a tree search algorithm
and repeatedly searches the branch-and-bound tree (BBT) [8,14] to find a better
solution until optimal one is found. The BBT is a tree which can represent a topology
of UTs. Assume that the root of BBT has depth 0, hence each node with depth i in
BBT represents a topology with a leaf set {1,...,i+2}.

2.2 3-Point Relationship (3PR)

3PR is a logical method to check the LCA relation for any triplet of species (a, b, ¢) in
a distance matrix, which is preserved or not in the constructed phylogenetic trees. For
any two species (a, b), LCA(a, b) denotes the least common ancestor of (a, b). If (x, y)
are two nodes in a phylogenetic tree, x — y is written if x is an ancestor of y. For a
triplet of species (a, b, ¢) in the distance matrix M, if the distance M[a, b] of species a
and b is less than M[a, c] and M[b, c], LCA(a, ¢)=LCA(b, ¢) — LCA(a, b) (as ((a, b),
¢); in Newick tree format). For a triplet of species (a, b, c), it is contradictive if the
least common ancestor relation in a distance matrix is not preserved in the constructed
phylogenetic tree. 3PR can be used to evaluate the qualities of constructed
phylogenetic trees. A phylogenetic tree is considered unreliable if the number of
contradictive triplets is large. The evaluated result may be useful for biologists to
choose a feasible phylogenetic tree construction tool.

3 Parallel Branch-and-Bound Algorithm with 3PR

Parallel Branch-and-Bound Algorithm with 3PR (PBBU with 3PR) is designed on
distributed memory multiprocessors and the master-slave architecture. The PBBU
uses a branch-and-bound technique to avoid exhaustive search of possible trees. For
load-balance purpose, the master processor (MP) contains a Global Pool and each
slave processor (SP) has Local Pool, moreover we use new data structure instead of
the link list to store BBT.

In [5], 3PR is applied as a tree evaluation method. We use this property to put
lower rank branching path to Delay Bound Pool (DBP) when selecting branch path in
the branch-and-bound algorithm. For example, Table 1 is the distance matrix and
Figure 1 shows two candidates when inserting the third species c. In PBBU without
3PR, both (a) and (b) candidates need to be added to the pool when branching.
However, topology of (b) is closing to distance matrix, it obtained higher rank, and (a)
has lower rank. In PBBU with 3PR, only (b) (with higher rank) candidate will be
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selected due to the distance of a and c is greater than the distance of b and c. This
result is based on the conception that in a triplet of species (a, b, c¢), any of two
species which is closed to each other in the distance matrix should also be closed to
each other in the corresponding phylogenetic tree in a distance matrix. However, it
cannot be directly used to bound another branching path, and PBBU with 3PR put
others candidates to the DBP to ensure the optimal solution can be found.

Table 1. Distance matrix

b c
25 | 20 a ¢ b a c b
> 0 " (a) (b)
¢ 20 15 0 Fig. 1. Candidate BBT

4 Experimental Results

In the experimental results, we implement PBBU and PBBU with 3PR on a Linux
based PC cluster. Each computing node is an AMD Athlon PC with a clock rate of 2.0
GHz and 1GB memory. Each node is connected with each other by 100Mbps
network. There are two data sets used to test our algorithms. One is a random data set,
which is generated randomly. The distance matrix in the random data set is metric and
the range of distances is between 1 and 100. Another is a data set composed of 136
Human Mitochondrial DNAs (HMDNA), which is obtained from [12]. Its distance
matrix is metric and the range of distances is between 1 and 200. In order to eliminate
the problems of data dependence, for each testing data, we run 10 instances. Then we
compare the average, median, and worst cases.

Figure 2 and 3 show that PBBU with 3PR and delay bound technique can find the
optimal solution and save about 25% of computation time than PBBU without 3PR.
Because 3PR technique move lower ranking candidates which disaccording to 3PR to
delay bound pool, after that, the better bounding value can be found early. Afterward
it can bound more candidates to decreasing computation time.

Figure 4 is the speed-up ratio of HMDNA data set. We observed that the speed-up
ratio of 3PR is better than it without 3PR. Furthermore, the difference between 3PR
and without 3PR is larger when the number of processors increasing. Because of the
tighter bounding value can be found quickly with more processors. It also shows that
our algorithm is scalable in large number of computing resources. Figure 5 shows the
computation time of 16 processors of PBBU with 3PR for different number of
species. We can observe that the computation time grow rapidly when the number of
species increasing. Moreover, the reduced proportion between PBBU and PBBU with
3PR is increasing with larger number of species. We consider that large number of
species contains more candidates that a tighter bounding value which can be obtained
from 3PR technique can also bound grater number of candidates; it can decreasing the
computation time.
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Without 3PR vs. With 3PR (HMDNA) Without 3PR vs. With 3PR (Random)
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5 Conclusions

In this paper, we have designed PBBU with 3PR for constructing MUTs problem. The
3PR is the relationship between distance matrix and constructed evolutionary tree. It
moves candidates which do not fit 3PR to delay bound pool in branch-and-bound
algorithm. After that, we can obtain the tighter bounding value quickly and uses it to
bound more candidates. In order to evaluate the performance of our proposed
algorithm, a random data set and a practical data set of HMDNA are used. The
experimental results show that PBBU with 3PR can find optimal solution for 36
species within a reasonable time on 16 PCs. Furthermore, the speed-up ratio shows
the performance of our algorithm is good in our PC cluster environment. Moreover,
the results also show that PBBU with 3PR can save about 25% in average of
computing time than PBBU without 3PR, and it assured the results are optimal with
the delay bound technique.
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Abstract. Dynamic data redistribution is used to
enhance the performance of an algorithm and to
achieve data locality in parallel programs on
distributed memory multi-computers. Therefore,
the data redistribution problem has been
extensively studied. Previous results focus on
reducing index computational cost, schedule
computational cost, and message
packing/unpacking cost. However, irregular data
redistribution is more flexible than regular data
redistribution; it can distribute different sizes of
data segments of each processor to those
processors according to their own computation
capability. High Performance Fortran 2 (HPF-2),
the current version of HPF, provides an irregular
distribution functionality, such as GEN_BLOCK
which addresses some requirements of irregular
applications for the distribution of data in an
irregular manner and explicit control of load
balancing. In this paper, we present a
degree-reduction-and-coloring (DRC) algorithm
for scheduling HPF2 irregular array redistribution.
We devoted to obtain the minimal number of
transmission steps as well as to reduce the overall
redistribution time. The proposed algorithm
intends to reduce the number of maximum
transmission messages in the first phase and then
applies graph-coloring mechanism to obtain the
final schedule. The proposed method not only
avoids node contention, but also shortens the
overall redistribution time. To evaluate the
performance of DRC algorithm, we have
implemented DRC algorithms along with the
Divide-and-Conquer algorithm. The simulation
results show that DRC algorithm has significant
improvement on communication costs compared
with the Divide-and-Conquer algorithm.

Keywords: Irregular redistribution, communication
scheduling, GEN_BLOCK, degree-reduction

1. Introduction

Parallel computing systems have been widely
adopted to solve complex scientific and engineering
problems. To efficiently execute a data-parallel
program on distributed memory multi-computers, an
appropriate data distribution is critical to the
performance. Appropriate distribution can balance
the computational load, increase data locality, and
reduce  inter-processor Array
redistribution is crucial for system performance
because a specific array distribution may be

communication.

appropriate for the current phase, but incompatible for
the subsequent one. Many parallel programming
languages thus support run-time primitives for
rearranging the array distribution of a program. The
data redistribution problem has been widely studied in
the literature. In general, data redistribution can be
classified into two categories: the regular data
redistribution [1,5,6,7,9,11,13,15,18] and the irregular
data redistribution [4,8,22-24]. The regular data
redistribution decomposes data of equal sizes into
processors. There are three types of this data
redistribution, called BLOCK, CYCLIC, and
BLOCK-CYCLIC(n). The irregular data distribution
employs user-defined functions to specify data
distribution unevenly. High Performance FORTRAN
2 (HPF-2) provides GEN BLOCK functionality and
makes it possible to handle different processors
dealing with appropriate data size according to their
computation capability. Previous works emphasized
the minimal steps of data redistribution and scheduled
the ordering of messages with minimal total
transmission size. In the regular array redistribution,
[15] proposed an Optimal Processor Mapping (OPM)
scheme to minimize the data transmission cost for
general BLOCK-CYCLIC regular data realignment.
Optimal Processor Mapping (OPM) utilized the
maximum matching of realignment logical processors
to achieve the maximum data hits for reducing the
amount of data exchange transmission cost. In the
irregular array redistribution problem, [22, 23]
proposed a greedy algorithm to utilize the
Divide-and-Conquer technique to obtain near optimal
scheduling while attempting to minimize the size of
total communication messages as well as the number
of steps.

In this paper, we bring up the
Degree-Reduction-and-Coloring (DRC) algorithm to
efficiently perform GEN_BLOCK array redistribution.
In section 2, we define the data communication model
of irregular data redistribution and give an example of
GEN_BLOCK data redistribution as the preliminary.
Section 3 describes the DRC algorithm for the
irregular redistribution problem. The performance
analysis, simulation results and practical transmission
with MPI on SMP/Linux cluster are presented in
section 4. Finally, the conclusions are given in section
S.

2. Data communication models

In this section, we present some properties of
irregular data redistribution with GEN BLOCK
functionality. There are no repetitive communication



patterns in the irregular GEN_BLOCK array
redistribution. A data redistribution can be represented
by a bipartite graph, called a redistribution graph. To
simplify the presentation, notations and terminologies
used in this paper are defined in the following.

Definition 1: Given an irregular GEN_BLOCK
redistribution on array A[SPi] and A[DPi] over P
processors, the source processors of array data
elements A[SPi] are denoted as SPi; the destination
processors of array elements A[DPi] are denoted as
DPi where 1 <i <P.

Definition 2: A bipartite graph G = (V, E) is
used to represent the communications of an irregular
data redistribution between source and destination
processors. Vertices of G are used to represent the
processors. Edge e; in G denotes the message sent
from SPi to DPj, where e; € E. |E;| denotes the
transmission message size through the redistribution.

Definition 3: Every message transmission link
in irregular data redistribution is not overlapped.
Hence, the total number of message transmission link
EisP<E<2 x P- 1

Definition 4: Each processor has more than one
e; to send data to destination processors or receive
data from other source processors. The number D of
e; owned by one processor is denoted as D-degree and
the maximum D-degree of all processors is denoted as
Max-degree. We denote that the processors have the
Max-degree number of messages as P,,,.

Definition 5: If SPi sends messages to DPj-1
and DPj+1, the transmission between SPi and DPj
must exist, where / < i, j < P. This result was
mentioned as the consecutive communication property
[12].

Fig.1 shows an example of redistributing two
GEN_BLOCK distributions on A[SPi] and A[DPi].
Table 1(a) shows mapped communication message
size to source processors and destination processors,
respectively. The communications between source
and destination processor sets are depicted in Fig 1.
There are 13 transmission messages, €11, €31, €2, -..€77
among the processors involved in the redistribution.
Due to the considerable influence of node contention,
a processor can only send at most one message to
another processor in each communication step and the
same is true for the receiving message. The messages,
which
communication step, are called conflict tuple. For

cannot be scheduled in the same
instance, {e1,e5;} is a conflict tuple since they have a
common destination processor DP1; {e;1,e,,} is also a
conflict tuple because of the common source
processor SP2. Table 1(b) shows a simple schedule
result for this example.

Figure 1. An example of data redistribution

Table 1(a). The total message size of redistribution
data for each processor in Fig. 1.

SP1 SP2 SP3 SP4 SP5 SP6 SP7

7 27 32 15 15 7 14

DPl | DP2 | DP3 | DP4 | DP5S | DP6 | DP7

16 12 14 17 27 23 8

Table 1(b). A simple schedule

Schedule Table

Stepl: | €34, €ss, €2, €77, €11, €66

Step2: | ese, €23, €35

Step3: | ea1, €33, €55, €76

3. Proposed Algorithm
The performance of a data redistribution
procedure is determined by four costs: index
computational cost 7}, schedule computational cost T,
message packing/unpacking cost 7, and data transfer
cost. The data transfer cost for each communication
step consists of start-up cost 7, and transmission cost
T,. Let the unit transmission time T denote the cost of
transferring a message of unit length. In general, the
message startup cost is directly proportional to the
number of communication steps. The total number of
communication steps is denoted by N. The total
redjstribution time T+T+
(Tp + Tsu + mit) » where m; = Max{e,, e, 3, ..,
ejg1 and e; represents the size of message scheduled in
the i communication step for j = 1 to k. In irregular
redistribution, messages of varying sizes are
scheduled in the same communication step. Therefore,
the largest size of message in the same
communication step dominates the data transfer time
required for this communication step.

The main idea of the
Degree-Reduction-and-Coloring (DRC) algorithm is
to diminish the degree of P,, repeatedly by
scheduling the message in the first step of data
redistribution process until Max-degree is equal to 2.
The remaining messages are then scheduled into the
communication steps by utilizing the concept of
bipartite graph coloring mechanism. The details of the
steps will be described in the following subsections.

equals



3.1 Degree-Reduction Step

The goal in this step is to reduce Max-degree
repeatedly in each iteration, until Max-degree is equal
to 2. An example of 4-degree communication
redistribution has taken as shown in Fig 2. In the first
phase (phase-1) of degree-reduction step, the
messages are sorted by the non-increasing order of
|Ejjl, and the result is shown in Table 2. Then, DRC
selects the messages into stepl of the schedule
according to non-increasing order of message size
except those messages causing the conflict. After
phase-1, the Max-degree will be decreased by 1 (from
4 to 3). Fig 3(a) and Table 3(b) show this scenario.
DRC repeat the procedure until the Max-degree
reaches 2, which is depicted in Fig 4.

Figure 2. A data redistribution example with
Max-degree = 4
Table 2. The messages are sorted by non-increasing
order of message size

Table 4. The schedule after phase-1

Schedule Table

Stepl:|esy, €45, €22, €77, €11, €66

Step2:

Step3:

Step4:

Message number |e3,|e,s/€;,|€65(€21|€33|€77|€11|€35|€46|€32|€76| €55

Message size 17|15{12|110(9 |8 |8 |7 |7 7|66 |5

Mg no. |e34(€45|€22(€65|C21[€33|€77|€11|C35|€66|€32|€76 |55

Msg size[17[15(12(10/ 9| 8|8 |7 |7|7|6|6|5

(b)

Figure 3. The messages communication (a) before
phase-1 of the degree-reduction step; (b) after phase-1
of the degree-reduction step.

(b)

Figure 4. The messages communication (a) before

phase-2 of the degree-reduction step; (b) after phase-2
of the degree-reduction step.

Table 5. The schedule after the procedure of phase-2

Message 1n0. |e34]€qs|€1:|€65|€21|€33|€77|€11 |€35]€66| €32 €76 | €55

Message size|17|15|12(10{ 9 |8 |8 |7 (7|7 |6| 6|5

Schedule Table

Stepl: [esy, €45, €12, €77, €11, €46

Step2: |egs, €21, €33, €76

Step3:

Step4:




3.2 Message-Coloring Step

After completing the degree-reduction step, we
can obtain a redistribution graph with Max-degree of
2 and the resulting redistribution graph is 2-edge
colorable [2], since it is a bipartite graph and its
maximum degree is equal to 2. In the
Message-Coloring Step, DRC schedules the left
messages into the same step in a non-increasing order
to accomplish an optimal scheduling unless a conflict
occurs. Figure 5 shows the outcome of
message-coloring and Table 6 shows the final

schedule obtained from DRC algorithm.

2 38 15 5

=@
=@

8 17 37 13

Figure 5. The outcome of redistribution graph after
applying the message coloring mechanism

Table 6. The final schedule obtained from DRC

Msg no. [es|eus|en|ess|ean|ess| e |enn|ess|eas| e |ers|ess
Msg size|17[15[12({101 9|8 |8 |7|7|7]|6]|6]|5
Schedule Table

Stepl: |esy, 45, €22, €77, €11, €46

Step2: |egs, €11, €33, €76

Step3: |ess

Step4: |es,, ess

The algorithm of the Degree-Reduction-Coloring is
given as follows.

Algorithm DRC
generating messages;
/I generate messages from AS[Pi] to AD[Pi]
step = maximum degree;
sort_msgSize();
// sorting in decreasing order by message size
while (step >2)
{

choose_msg(step);

/I selecting message without conflict tuple, set
into (maximal degree - step + 1) schedule
step

step--

}  // degree-reduction iteration
while ( remaining_messages !=null )
{

selecting_msg(maximal degree-1);

// selecting message set into maximal degree-1

schedule step

check_msg_continue_set();

// check remaining message set

coloring_maximal_msg(maximal degree);

/I color the maximal message with degree
maximal degree -1 and the neighbor
message with maximal degree

} // message coloring mechanism
end of DRCM

4. Performance Evaluation

To evaluate the performance of the proposed
methods, we have implemented the DRC along with
algorithm  [23]. The
performance simulation is discussed in two categories,
even GEN_BLOCK and uneven GEN_BLOCK
distributions. In even GEN_BLOCK distribution, each
processor owns similar size of data. In contrast to

the Divide-and-Conquer

even distribution, few processors might be allocated
by grand volumes of data with uneven distribution.
Since data elements could be centralized to some
specific processors, it is also possible for those
processors to have the maximum degree of
communications.

The simulation program generates a set of
random integer number and the size of message as
A[SPi] and A[DPi]. Moreover, the total message size
sending from SPi equals to the total size receiving to
DPi keeping the balance between source processors
and destination processors.

We assume that the data
(communication) time in the simulation is represented

computation

by the transmission size |E;|. In the following figures,
the percentage of events is plotted as a function of the
message size and the number of processors. Also, in
the figures, “DRC Better” represents the percentage of
the number of events that the DRC algorithm has
lower total computation (communication) time than
the Divide-and-Conquer algorithm, while “DC Better”
gives the reverse situation. If both algorithms have the
same total computation (communication) time, “The
Same Results” represents the number of that event.

In the uneven distribution, the size of message’s
up-bound is set to be B¥1.7 and that of low-bound is
set to be B*0.3, where B is equal to the sum of total
transmission message size / total number of
processors. In the even distribution, the size of
message’s up-bound is set to be B*1.3 and that of
low-bound is set to be B*0.7. The total message-size
is 10M.

Fig 6(a) and 6(b) show the simulation results of
both the DRC and the Divide-and-Conquer algorithm



with different number of processors and total message
size. The number of processors is from 8 to 24. We
can observe that the DRC algorithm has better
performance in redistribution

compared with Divide-and-Conquer algorithm. Since

the uneven data

— 100 p ]
® O DRC better
§, 80 | W DC better
E 0 | |OThe same
[X]
)
= 40 S
]
L
g —
ﬂ 1
Pracessars 2 12 16 20 2
ODRC better | 8648 | 96.76 | 99.06 | 99.78 | 99.93
B DC better 0.55 0.25 0.1 0.04 0.01
OThe same | 1297 2.99 0.84 0.18 0.06

(a)Uneven data redistribution

the data is concentrated in the even case, from Fig 7(a)
and 7(b), we can observe that DRC has better
performance compared with the uneven case. In both
even and uneven cases, DRC performs better than the
Divide-and-Conquer algorithm.

. 100
® B DRC better
% [ | B DC better
= O The same
g 60 H
3
(="
= 40 —
o
&
20 —
0
Total message sizel 10000 20000 30000 40000 50000
O DRC better | 99.93 99.89 99.94 99.93 99.89
B DC better 0.01 0.01 0.02 0.01 0.02
O The same 0.06 0.1 0.04 0.06 0.09

(b) Uneven data redistribution

Figure 6. The events percentage of computing time is plotted (a) with different number of processors and (b) with
different number of total message sizes in 24 processors, on the uneven data set.

~ 100 =
® » m DR better
% 80 (@ DC better
E & OThe same
o
=
4
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&
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. o e
Processors 8 12 16 il 24
‘D DRC better | 71.79 84.63 91.79 95.56 97.76
BDCbeer | 0 0 0 0 9
‘D The same 28.21 15.37 8.21 444 2.4

(a) Even data redistribution

—_ 100 = — — —
= I DRC better
L 05 | mDC better
E & H |- OThe same
[
<
B4 —
=
I
S W —
Total message size| 10000 | 20000 | 30000 | 40000 | 50000
|D DRC better | 97.76 | 979 9772 | 91.83 | 9177
[mDCbeter | © 0 0 0 0
|EI The same 24 21 .28 217 2.23

(b) Even date redistribution

Figure 7. The events percentage of computing time is plotted (a) with different number of processors and (b) with
different number of total message sizes in 24 processors, on the even data set.

5.Conclusion
In this
Degree-Reduction-Coloring

have
(DRC) scheduling
algorithm to efficiently perform HPF2 irregular array

paper, we presented a

redistribution on a distributed memory multi-computer.
The DRC algorithm is a simple method with low
algorithmic complexity to perform GEN_BLOCK
array redistribution. The DRC algorithm is an optimal
algorithm in terms of minimal number of steps. In the
same time, DRC algorithm is also a near optimal
algorithm satisfying the condition of minimal message
size of total steps. Effectiveness of the proposed
methods not only avoids node contention, but also
shortens the overall communication length.

For verifying the performance of our proposed
algorithm, we have implemented DRC as well as the
Divide-and-Conquer redistribution algorithm. The
experimental  results show improvement in
communication costs and high practicability on
different processor hierarchies. Also, the experimental

results indicate that both of them have good

performance on GEN_BLOCK redistribution. In
DRC is better than the
Divide-and-Conquer redistribution algorithm.

many situations,
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User Applications

* MPI Applications Can be execute in Grid environment.

Message Passing Library
(MPICH-G2)

* Provide message passing among user MPI Programs.

Grid Middleware
(Globus Toolkit)

* Support job submission, scheduling, resource allocation in Grid environment.
* Provide secure access to remote resource.

Queuing System
(Condor)

* Provide priority-based job queuing and scheduling.

Operating System
(Unix)

* MPICH-G2 & Globus compatible with many platforms include Linux, FreeBSD, Solaris etc...

Network Fabric

*We use GT 3.2.1 and MPICH-G2 1.2.6 on Linux system (Debian).
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Algorithm BBU
Input: An n £n distance matrix M.
Output: The minimum ultrametric tree for M.

Step 1: Relabel the species such that (1, 2.....n) is a

maxmin permutation.
Step 2: Create the root v of the BBT such that v
represents the only topology with leaves 1 and 2.
Step 3: Run UPGMM to find a feasible solution and
store its weight in UB.
Step 4.
while there is a node in BBT do
Delete all nodes v from BBT if LB(v) , UB or all
the children of v have been deleted.
Select a node s in BBT, whose children has not
been generated.
Generate the children of s by using the branching
rule.
If a better solution is obtained, then update UB.
End while
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Input: An * n distance matrix M
Output: The minimum ultrametric trees

Step 1: Master computing node re-label the species
such that feasible maxmin permutation.

Step 2: Master computing node creates the root of the
BBT.

Step 3: Master computing node run UPGMA and
using the result as the initial UB (upper bound).

Step 4: Master computing node branches the BBT
until the branched BBT reach 2 times of total nodes
in the computing environment.

Step 5: Master computing node broadcasts the global
UB and send the sorted matrix the nodes cyclically.

Step 6:
while number of UTs in LP (Local Pools) > 0 or
number of UTs in GP (Global Pools) > 0 do
if number of UTs in LP =0 then
if number of UTs in GP <> 0 then
receive UTs from GP
end if
end if
v = get the tree for branch using DFS
if LowerBound(v) > UB then
continue
end if
insert next species to v and branch it
if v branched completed then
if Cost(v) < UB then
update the GUB (Global Upper
Bound) to every nodes
add the v to results set
end if
end if

if number of UTs in GP = 0 then
send the last UT in sorted LP to GP
end if
end while

Step 7: Gather all solutions from each node and
output it.
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UTCE: Ultrametric Tree Construction and Evaluation platform

Kun-Ming Yu, Jayi Zhou, Chun-Yuan Lin, Chuan Yi Tang

Introduction

UTCE is a platform with tools for ultrametric tree construction
and tree evaluation. Phylogenetic trees can be used by
biologists to describe the evolutionary relationship among of
living species. Many models or tools have been proposed to
construct phylogenetic trees. One of the popular models is an
ultrametric tree with the assumption of a constant rate.
UPGMA is one of well-known ultrametric tree building
algorithms.

Although UPGMA often fails to reconstruct an evolutionary
tree when a molecular clock does not apply, it is suitable for
some cases of clocklike data. Moreover, the assumption of a
constant rate can be used by biologists to estimate or
disprove initial observations or hypotheses for their research
work.

However, UPGMA is a heuristic algorithm and can not
guarantee the constructed phylogenetic tree with minimum
size. UTCE provides an efficient minimum ultrametric tree
construction tool, PBBU, with a parallel branch-and-bound
algorithm. The input of PBBU is a metric distance matrix or
original/pre-aligned multiple DNA/protein sequences of
species.

It should be noted that the constructed phylogenetic tree by
PBBU could not be used to reject other phylogenetic trees by
UPGMA and other tools. The goal of PBBU is to give another
viewpoint for biologists to observe the evolution relationship
of species under the assumption of a molecular clock
hypothesis and the minimum evolution principle. In addition,
in UTCE, two logical methods, 3PR and 4PR, are designed to
evaluate a phylogenetic tree and/or the corresponding metric
distance matrix.
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Parallel Branch-and-Bound

It is a parallel branch-and-bound algorithm to construct an
minimum ultrametric tree from a distance matrix with the
number of species and time constraints. User can specify the
number of processors for computing and time constrain. The
results will send by e-mail within given time.
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The results of PBBU. Here we can observe the
Chimpanzee already separated with others.

Science, 1991, mtDNA in D-loop,
using PAUP* 3.0

wacat
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Nature, 2000, mtDNA not in D-
loop, using PAUP*4.0
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Science, 1992, T7 bacteriophage,
NJ UPGMA also can construct
this tree.
50 human We also obtain this tree by using UTCE with the same
distance matrix from paper.
chimpanzee

gorilla

orangutan
ptt babocn

PNAS, 2006, NJ non-coding
region ENM001

3-Point Relationship (3PR)

3PR is a logical method to check the relation for any triple of
species (a, b, c) in distance matrix, which is preserved or not
in the constructed phylogenetic trees. Moreover, it can
illustrate the consistent between distance matrix and
evolution for various tree construction methods.
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d[0,1] = 506 > d[0,7] = 381, however in the NJ ~ ,\
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4-Point Relationship (4PR
4PR is another logical method to find contradictive species in

distance matrix by checking the LCA relations in any set of 4
species.

For any set of 4 species (a, b, c, d), it has 4 triplets of species
(a, b, c), (a, b, d), (a, c,d) and (b, ¢, d) and each triplet has its
LCA relation. For any set of 4 species (a, b, c, d), no
phylogenetic tree can conform to all of four LCA relations
when they are ((a,b),c);, ((a,b),d);, ((a,c),d);, ((b,d),c); or
((a,b),c);, ((a,b).d);, ((a,c),d);, ((c.,d),b); and this set is
contradictive.
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The sample output contradiction set.

Sequence Alignment

A simple dynamic programming algorithm is used to compute
the edit distance amount any two species (a,b) with DNA or
protein sequences.




