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Algorithm 2. NSGA-II Pseudocode 8 P—0,j—1
Input: maxGenerations (number of generations), 9:  while |P| + |Fronts;| < popSize do
popSize (number of individuals in the population), i d P «— P U Fronts;
crossoverProb (crossover probability), 11: Fe=341
mutationProb (mutation probability), 12:  end while
dataset (input alignment). 13: P < P U Fronts; [1:(popSize-| P|)]
Output: ParetoFront (non-dominated solutions found 14:  [* Generating the offspring population */
by the algorithm). 15: for j =1 to popSize do
1: C, Q. ParetoFront «— 0 16: Q.M —|applyGeneticOperators(H, crossoverProb,
2: P — initializePopulation(popSize, dataset) mitationProb)
3: for i = 1 to maxGenerations do 17: ;.7 +t buildPhylogeneticTree((};.M, dataset)
4:  [* Population management *[ 18: @, .Scores — evaluateTree(Q);.t, dataset)
5. C—PuUQ 19: end for
6: Fronts — fastNonDominatedSort(C) 20: ParetoFront — updateParetoFront(P, (), ParetoFront)
7:  Fronts;«crowdingSorting(Fronts;) [*Vj: j=1 to|Fronts| ¥/ 21: end for



CUEELE

e S R

e Crossover: X T CHPEARIB, AFEATESLLO-1IFENLEC ML R AT 5B
XN AT A, A2 3 5E B AN R B E A AR B

o A MFEFE AR B B0 2R AT il A gamma 7 AT 1 AR S

xR0 SRR FEREB, SHEPEARIEE AT, Lo MR SRS B FEA

All Al12 A13 B11 B12 B13 p A1l Al12 A1l13 B11 B12 B13
A21 A22 A23 B21 B22 B23 : B21 B22 B23 A21 A22 A23
A31 A32 A33 B31 B32 B33 A31 A32 A33 . B31 B32 B33 |

FEREA ¥ rEB FEREN 5EREB



BIONJ

Minimun-evolution(ME) * MEHTEAR: SN BCCHTH S if

< L ¢ NJEAEMERAL, SRS AT,
Neighbor-joining(NJ) A RN BB
<{j7 NJZE BRART EI K5
BION. 1. #ltRt: Hﬁﬁﬁﬂ‘f'ﬁ ANFTEET YA &
2. *E?EEE&%%E@ MEYAHIER T sk AN &I G
AW SY s e TN A=)

3. élzﬁiz%ﬁw R NIZ I ALY A, JREX S YA E
4. YR/NERESAERE. REXE) HAR T SRR, CBXIIA
FERE R B 220 P2 A P Naxa (FEREJ /D —4E)
Y X 5. HEE2-450E, BHIFE N =ATE, PR SR 4E
, * : & H3




R SR

o N NI NNI (Nearest Neighbor Interchange) [37] consists of
swapping two adjacent branches of the tree. We can say
that NNI is a small size neighborhood for which a tree of n

leaves has (2n — 6) neighbors [30].

SPR (Subtree Pruning Regrafting) [35] is a strategy that
o SPR cuts a branch and reinserts it elsewhere. There are 2(n —
3)(2n — 7) possible SPR rearrangements [2] for each tree

that makes it a medium size neighborhood.

* TBR TBR (Tree-Bisection-Reconnection) [35] consists of breaking
the tree in two subtrees that will be reconnected from one of
their branches. From a given tree, the TBR nmghbnrhood
induces at most (2n — 3)(n — 3)° neighbor trees [2]. TBR is
thus a much larger nmghborhood than NNI and SPR.

TBR

SPR
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Algorithm 5. NSGA-II Master Tasks

#pragma omp single
[* Population management */
C—PUQ
Fronts «— sortCombined Population(C')
P «— updateParentPopulation (Fronts)
#pragma omp for schedule (scheduleType) [* Offspring
generation loop ¥/
for k=1 to popSize do
(.M — applyGeneticOperators(P,
crossoverProb, mutationProb)

9: end for
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: #pragma omp for schedule (scheduleType)
for k =1 to tasksNumber/nproc do
Popy..t < buildPhylogeneticTree(Pop;..M,
dataset i(ﬂ?n'f-ad)
Popy..Scores — evaluateTree(Popy..t, dataset; 11, ca)
: end for
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Phylogenetic Data Sets
Data set Number of Sequence Description
sequences length
rbel_55 55 1,314 rbcL plastid gene [26]
mtDNA_186 186 16,608 Human mitochondrial
DNA [29]
RDPII_218 218 4,182 Prokaryotic RNA [30]
51482 346 346 897 Plant genus Tiquilia [31]
M2839_470 470 829 Fungi genus
Basidiomycetes [32]
ZILLA 500 500 759 rbcL plastid gene [33]
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8 cores 16 cores

rbel._55
Algorithm _ SU Eff.(%) SU Eff.(%)
NSGA-II 6.851 85.643 13.157 82.230
MO-FA 6.722 84.024 12.759 79.748

mtDNA_186

Algorithm _ SU Eff.(%) SU Eff.(%)
NSGA-II 7.142 89.276 13.258 82.861
MO-FA 6.923 86.539 12.907 80.668

Eff(efficiencies)=SU(speedup)/n
*nFoNHATRERE, BIFTAE R Y AL



