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ABSTRACT As optimization problems grow increasingly complex, characterized by their intricate difficulty, larger-scale, and diverse
constraints, swarm intelligence optimization algorithms have emerged as an effective solution for addressing these multifaceted
challenges. Among these, the marine predators algorithm, a recent innovation in intelligent optimization algorithms, has demonstrated
remarkable efficacy in solving optimization issues. However, its application to complex CEC test function sets and engineering
constraint problems reveals several limitations, including limited adaptive ability, low optimization accuracy, and high local shackle
probability. This paper proposes an enhanced version of the marine predators algorithm designed to overcome its inherent shortcomings.
The enhancement begins with the integration of a learning automata guided teaching—learning search mechanism during the marine

memory stage. This adjustment aims to strike a better balance between exploration and exploitation across different iteration periods.
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Subsequently, the introduction of a logarithmic spiral exploration mechanism phase strengthens the algorithm’s ability to conduct
nuanced searchers around the optimal solution, thereby improving convergence accuracy. Finally, an improved adaptive relative
reflection strategy is added at the end of each iteration to enhance the algorithm’s capability to escape local optima and reduce the risk of
local shackling. The optimization performance of this refined algorithm is evaluated through parameter sensitivity analysis, determining
the optimal parameter values. To validate its effectiveness, the improved algorithm undergoes testing against six benchmark algorithms,
including the basic marine predators algorithm and its variants, as well as other improved algorithms and those recognized with awards
in the CEC2017 test suite across 100 dimensions. The evaluation focuses on optimization accuracy, the Wilcoxon rank sum test, and
boxplot analysis. The test results indicate that the improved algorithm proposed in this paper outperforms the other six benchmark
algorithms in optimization precision, convergence rate, and solution stability, particularly when solving complex functions in high-
dimensional (100 dimensions) spaces. Furthermore, the applicability and superior performance of the improved algorithm are
demonstrated through comparative analysis with four established algorithms on challenging engineering design optimization problems.
These include welded beam design, process synthesis, heat exchanger network design, and design optimization of industrial refrigeration
systems. The findings unequivocally showcase the enhanced algorithm’s exceptional ability to solve various engineering constraint
problems effectively.
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Table 1 Parameter settings of the 7 algorithms

Algorithm Parameter setting
s T T
I-GWO a linear decline from 2 to 0
MPA P=0.5,FADs =0.2
LEO-MPA P=0.5,FADs =0.2, k= N/10
MMPA P=0.5,FADs=0.2

LSHADE-cnEpSin  yF=0.5, uCR =0.5, H=5, ps = 0.5, pc = 0.4

NL-SHADE-LBC Mg, =0.5, Mcrr =0.9,k=1,np =05
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£2 FRSKSHIEN LLAMPA S ALEE R G520 (Dim=100)
Table 2 Influence of different step size parameters on the optimization results of LLAMPA (Dim = 100)
Rank
Algorithm
function MPA LLAMPA
RS=0.1 RS=02 RS=03 RS=04 RS=05 RS=06 RS=07 RS=08 RS=09
fi 10 7 6 9 5 8 3 2 1 4
3 10 8 1 9 2 4 5 6 7 3
fa 10 2 1 7 4 8 3 5 6 9
5 10 9 7 4 5 2 1 3 8 6
fo 10 4 5 6 1 2 3 7 8 9
f 10 4 8 5 1 3 6 2 9 7
3 10 1 2 8 4 5 3 6 9 7
fo 10 5 8 4 6 3 2 7 9 1
fio 10 7 9 2 5 3 4 8 1 6
S 10 4 3 1 5 7 8 9 2 6
fiz 10 6 9 3 5 7 2 8 4 1
i3 10 2 5 4 1 6 3 8 7 9
fia 3 5 2 9 7 8 6 1 10 4
fis 10 3 9 5 1 4 2 8 7 6
fie 10 2 5 6 7 4 8 3 9 1
fi7 10 4 8 6 9 5 3 2 7 1
fis 1 4 8 2 5 6 9 7 10 3
Jfio 10 4 1 8 6 2 3 9 5 7
0 10 8 3 9 5 2 1 6 4 7
§3l 10 3 4 8 5 9 1 6 2 7
f 10 9 5 1 2 7 3 8 6 4
3 10 6 7 2 9 3 4 8 5 1
o 10 2 9 3 7 8 1 4 5 6
s 10 2 3 4 9 6 1 5 7 8
fa6 10 1 8 9 5 7 3 2 6 4
7 10 6 1 2 7 4 3 8 9 5
s 10 5 3 6 4 7 1 9 8 2
J29 10 8 3 5 4 9 1 6 2 7
f0 10 3 8 4 9 2 1 5 7 6
Average ranking 9.45 5.05 5.36 5.41 21 522 3.14 5.59 591 4.66

Average ranking value

0.1

5.36 5.41
5.05

02 03 04 05 06 0.7 08 0.9
Punishment step parameter

ENEPa S GRS R

Fig.1 Average ranking of different step size parameters
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Table 3 Results of 7 algorithms on the test function for100 dimensions
100-dim 100-dim
Function Algorithm Function Algorithm
Best Avg Worst Best Avg Worst
LLAMPA 1.54 x10°  8.15x10°  3.96 x 10° LLAMPA 2.82x10° 4.52x10° 5.46x10°
MPA 5.67x107  2.12x10°  4.90 x 10° MPA 412x10° 541 x10° 6.65x10°
MMPA 391x107  1.71x10°  9.09 x 10° MMPA 3.60 x10°  5.41x10° 6.71 x 10°
h LEO-MPA 1.99x 10"  6.25x10"  1.92x 10 fie LEO-MPA 3.94x10° 526x10° 6.18 x 10°
LSHADE-cnEpSin ~ 2.74x 10°  2.00x 10" 6.30 x 10’ LSHADE-cnEpSin ~ 3.05x 10° 494 x10° 6.92 x 10’
I-GWO 1.94x10°  9.99 x10°  2.59 x 10" I-GWO 325x10° 493x10° 1.02x10*
NL-SHADE-LBC ~ 4.95x10° 1.06x 10" 2.34 x 10" NL-SHADE-LBC ~ 3.90x 10° 5.18x 10° 6.39 x 10’
LLAMPA 3.06x10°  7.52x10°  1.95x10* LLAMPA 3.01 x10°  3.09 x 10°  3.16 x 10°
MPA 9.41x10° 1.96x10* 2.65x10* MPA 3.10x10° 322x10° 3.31x10°
MMPA 749 x10°  222x10° 274 x10* MMPA 3.06x10° 3.16x10° 3.28 x 10°
fo LEO-MPA 386 x10°  7.76x10°  1.96 x 10* 3 LEO-MPA 3.05x10° 3.14x10° 324x10°
LSHADE-cnEpSin ~ 7.61 x 10°  1.86 x 10*  4.24 x 10* LSHADE-cnEpSin ~ 3.22x10°  3.38x10° 3.61 x 10°
I-GWO 533x10°  1.90x10° 4.21x10* I-GWO 3.11x10° 323x10° 3.72x10°
NL-SHADE-LBC ~ 2.01 x 10* 424 x10*  5.64 x 10* NL-SHADE-LBC  3.59 x 10° 3.83 x10° 4.17 x 10°
LLAMPA 1.14 x10* 136 x10*  1.55x10* LLAMPA 3.51x10° 3.60 x10° 3.78 x 10°
MPA 1.16 x10* 146 x10*  1.80x10* MPA 3.63x10° 3.77x10° 3.90 x 10°
MMPA 128 x10°  1.53x10° 1.79x10* MMPA 3.61 x10° 3.74x10° 3.87 x 10°
Jio LEO-MPA 1.24x10°  1.46 x 10*  1.64 x 10* Sfoa LEO-MPA 356 x 10°  3.66 x 10°  3.86 x 10°
LSHADE-cnEpSin .78 x 10* 198 x 10*  3.15x 10* LSHADE-cnEpSin ~ 3.68 x 10°  3.96 x 10°  4.35x 10’
I-GWO 139 x 10*  2.66 x 10*  3.26x 10* I-GWO 3.53%10° 3.72x10°  4.29 x 10°
NL-SHADE-LBC  2.16x10* 2.67x10*  3.04 x 10* NL-SHADE-LBC  4.42x10° 4.84x10° 538x10°
LLAMPA 1.92x10° 227x10°  3.40 x 10° LLAMPA 3.99 x10° 9.24 x10° 1.88 x 10*
MPA 1.99x10°  231x10°  4.49 x 10° MPA 1.00 x 10*  1.11 x 10* 131 x 10*
MMPA 2.02x10°  258x10°  1.36x 10 MMPA 586x10° 1.13x10° 239x10*
SNa LEO-MPA 1.99 x 10°  237x10°  4.02x10° S LEO-MPA 8.89 x10° 9.72x10° 1.09 x 10*
LSHADE-cnEpSin 534 x10°  530x10*  1.40 x 10° LSHADE-cnEpSin ~ 9.58 x 10° 1.18 x 10* 1.54 x 10*
I-GWO 250 x 10° 133 x10°  3.01 x 10° I-GWO 8.96 x10° 1.09 x 10* 1.29 x 10
NL-SHADE-LBC ~ 1.31x10°  6.97x10°  1.33x10° NL-SHADE-LBC ~ 8.36x10° 2.01x10* 2.47x10*
LLAMPA 1.79x10°  3.57x10°  1.14 x 10°* LLAMPA 333x10° 3.42x10° 3.54 x 10°
MPA L15x 10" 2.19x 10*  4.05 x 10* MPA 346 x10° 3.57x10° 3.72x10°
MMPA 1.03x10°  2.56x10°  7.36x10* MMPA 347 x10° 3.66 x10° 3.94 x 10°
fis LEO-MPA 3.51x10°  871x10°  225x10* o7 LEO-MPA 343x10° 3.52x10° 3.71x10°
LSHADE-cnEpSin ~ 3.79x 10°  7.99x 10°  3.24x 10* LSHADE-cnEpSin ~ 3.47 x 10°  3.70 x 10°  3.94 x 10°
I-GWO 523x10*  1.13x10°  227x10° I-GWO 341 x10° 3.51x10° 3.64 x 10°
NL-SHADE-LBC ~ 331x10° 1.17x10*  2.74 x 10°* NL-SHADE-LBC ~ 3.96x 10° 4.41x10° 4.88 x 10’

TR PERE. IR T 3 3E LLAMPA (14046 45 51 2 15
B A T HoAh 6 AP X)L AL, SR ] Wilcoxon & Fl1
O ST RSN A Vi

7 58 CEC2017 Mk = F 100 4 5144 T, Xt

N 3.3 715 HAY 10 SR F Mk iR AL, B LLAMPA 5 H
fih £ % LY 2& BE 3E £ Wilcoxon Bk Fll G 36 1) 4t 31 4%
B, Horp e =000 7R LLAMPA 1 T8 25 3%
WBEMRT . FHFX AL, i “="%/R LLAMPA 5
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Table 4 Results of 7 algorithms on the test function for 100 dimensions
100-dim 100-dim
Function Algorithm Function Algorithm
Best Avg Worst Best Avg Worst
LLAMPA 117 x10°  6.99x10° 571 x 10° LLAMPA 2.82x10° 3.97x10° 5.01x10°
MPA 6.86x 10°  1.46x 107  3.48x 10 MPA 3.57x10° 4.86x10° 5.69 x 10°
MMPA 7.85x10° 3.53x107  6.81x 10 MMPA 344x10° 4.83x10° 5.72x10°
h LEO-MPA 1.03x 10"  2.14x10" 478 x 10’ fie LEO-MPA 337x10° 5.01x10° 5.92x10°
LSHADE-cnEpSin ~ 1.89 x10*  1.01 x10*  4.11 x 10°* LSHADE-cnEpSin ~ 2.95x 10°  3.99 x 10°  5.02 x 10°
I-GWO 221x 10"  1.48x10°  1.03 x 10 I-GWO 3.06 x 10° 448 x10° 5.63 x 10°
NL-SHADE-LBC 118 x10° 5.11x10" 6.27 x 10" NL-SHADE-LBC 244 x10* 3.58 x10* 4.48 x 10
LLAMPA 2.67x10°  7.17x10°  1.51 x 10° LLAMPA 3.02x10° 3.10x10° 3.20 x 10°
MPA 839x10° 1.54x10* 239 x 10* MPA 3.06x 10° 3.14x10° 3.26 x 10°
MMPA 554x10°  7.33x10°  1.65x 10 MMPA 3.03x10° 3.10x10° 3.23 x10°
fo LEO-MPA 340 x10°  7.49x10°  1.58 x 10°* f3 LEO-MPA 3.03x10° 3.11x10° 3.24x10°
LSHADE-cnEpSin 545 x10°  832x10° 1.18 x 10* LSHADE-cnEpSin ~ 3.12x10° 325x10° 3.48x 10°
I-GWO 3.06x 10°  1.20x 10°  2.84 x 10 I-GWO 3.08x10° 3.15x10° 3.24x10°
NL-SHADE-LBC 1.66 x 10°  1.99 x 10° 228 x 10° NL-SHADE-LBC  6.85x10° 8.34x10° 9.73 x 10°
LLAMPA 1.04 x 10  1.15x10* 1.38 x10* LLAMPA 3.50x10° 3.60 x 10° 3.64 x 10°
MPA 1.05x 10* 137 x10*  1.62 x 10* MPA 3.55x10° 3.66x10° 3.85x10°
MMPA 1.06 x 10*  1.41x10*  1.89 x 10* MMPA 3.54x10° 3.62x10° 3.82x10°
LEO-MPA 1.15x10*  1.40x10*  1.58x 10* LEO-MPA 3.52x10° 3.64x10° 3.78 x 10°
fio LSHADE-cnEpSin ~ 1.07x10*  1.19x10*  1.43 x 10* foa LSHADE-cnEpSin ~ 3.69 x 10°  3.96 x 10°  4.31 x 10°
I-GWO 1.06 x 10*  2.32x10*  3.19 x 10* I-GWO 3.53x10° 3.61x10° 3.72x10°
NL-SHADE-LBC  3.44x10* 3.60 x 10*  3.78 x 10* NL-SHADE-LBC  L.18x10* 1.41x10* 1.63x10*
LLAMPA 1.83x10°  2.02x10° 2.34x10° LLAMPA 428 x10° 9.09 x10° 1.84 x 10*
MPA 1.99x10°  229x10° 237 x10° MPA 9.27x10° 1.07x10* 1.21x10*
MMPA 1.86 x 10° 2,51 x10°  2.56 x 10° MMPA 4.64x10° 1.08x 10* 2.05x 10*
LEO-MPA 1.87x 100 2.05x10° 249 x 10° LEO-MPA 8.56 x 10° 9.57x10° 1.08 x 10*
fi4 LSHADE-cnEpSin ~ 3.80x 10°  2.10x 10*  6.27 x 10* S LSHADE-cnEpSin ~ 9.62x 10°  1.18 x 10*  1.49 x 10*
I-GWO 316 x10°  9.44x10° 199 x 10° I-GWO 8.38x10° 9.91x10° 121 x 10*
NL-SHADE-LBC 256 x 10°  6.54 x 10°  1.29 x 10° NL-SHADE-LBC ~ 6.92x10* 8.71x10* 1.10x10°
LLAMPA 1.74x10°  3.30x10° 1.38 x 10* LLAMPA 326 x10° 3.41x10° 3.60 x 10°
MPA 3.08x10°  5.03x10°  2.15x 10* MPA 335x10° 3.48x10° 3.63 x 10°
MMPA 1.93x 10°  3.88x10° 2.10 x 10* MMPA 327x10° 3.44x10° 3.65x10°
fis LEO-MPA 2,66 x10°  6.01 x10°  2.53 x 10* P LEO-MPA 339%10° 3.48x10° 3.61 x 10°
LSHADE-cnEpSin ~ 2.02x10°  4.15x10°  2.06 x 10* LSHADE-cnEpSin ~ 3.53x 10° 3.74x10° 4.08 x 10°
I-GWO 776 x 100 1.77x 10°  4.61 x 10 I-GWO 333x10° 3.45x10° 3.62x10°
NL-SHADE-LBC ~ 2.29x 10" 3.95x 10 6.00 x 10" NL-SHADE-LBC ~ 1.33x10* 1.73x10* 2.05x 10°*

XHE R G R YA B EN R W
SCHR [27] AT, p/NT 0.05 B ZE JE T LI R SR iE 44
Tk, i BA 0 22 7 00 TSR,

6 2 509 Go T K 06 25 0, AR SOk o B ik

LLAMPA % T 15/ $ULA S 5 BT R
S L AT 25 5, 1R A s K M B

A 56 pfE 4 A AT/

NTF0.05, HAF 5 JL-F#8 N

“+7. A I, LLAMPA 83k A X F HiAth 6 F X b &



- 1874 - TRRHEAAR, O 46 4, 5 10 1]
£S5 LLAMPA 54 EHEZ 8] Wilcoxon BRAI L 1) p{H
Table 5 p-values of the Wilcoxon rank sum test between LLAMPA and each comparison algorithm
p-value
fi 7.07 x 1078+ 7.07 x 107"+ 7.07 x 1078+ 7.07 x 1075+ 7.50 x 107"+ 7.07 x 1078+
fo 1.13 x 1075+ 8.99 x 1077+ 6.12x107'= 3.77 x 107+ 1.10 x 10 %+ 7.07 x 107"+
fio 6.02 x 10+ 2.53 x 1071+ 2.05% 107+ 6.72 x 1077+ 7.07 x 1078+ 7.07 x 1075+
fia 9.81 x 107'= 1.60 x 107+ 3.90 x 1072+ 7.07 x 1075+ 7.07 x 1075+ 7.07 x 1078+
fis 7.07 x 107"+ 7.50 x 107"+ 1.27 x 102+ 7.07 x 107"+ 3.56 x 107!+ 2.17 x 105+
fie 3.77 x 107"+ 1.69 x 107"+ 5.66 x 107"+ 6.22 x 102= 8.17 x 107+ 432 %10+
a3 5.98 x 107"+ 2.95 x 107+ 3.56 x 1075+ 7.12 x 1077+ 7.07 x 1075+ 7.07 x 1078+
Soa 476 x 1075+ 111 x 1075+ 221 %107+ 6.20 x 107"+ 8.99 x 107"+ 7.07 x 107"+
Sa6 2.95x 107"+ 6.52 x 1074+ 3.40 x 10+ 2.05 x 107+ 6.00 x 10753+ 1.51 x 1075+
Sa1 227 x 107"+ 1.54 x 1077+ 3.26 x 1072+ 3.09 x 107"+ 1.84 x 1077+ 7.07 x 1075+
+/=/— 9/1/0 10/0/0 9/1/0 9/1/0 10/0/0 10/0/0
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Fig.2  Boxplots of 7 algorithms’ optimization results: (a) f1(x); (b) fo(x); (¢) fi0(x); (d) f14(x); (&) fi5(x); () f16(x); (2) f23(x); (h) f24(x); (D) fas(x);
0) S271(x)
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@ =1 =x4)" + (1 = x5)” +(1 - x6)*~
In(1+x7)+(1—x)* +2-x2)* +(3-x3)%;

A S L
g1(®) =x1+xp+x3+x4+x5+x5—5<0,
©(F) = x; + 27 +x3+x3 =55<0,
s =x1+x4-12<0,
g4 =x+x5-1.8<0,
85(X) = x3+x6—2.5<0,
86(X) =x1+x7-1.2<0,
g7() =x2+x3-1.64<0,
g8(X) = xg +x3 -4.25 <0,

go(%) = X3 + 13 —4.64 < 0;

HFFFAF: 0 < x2,x3,x1 <100, x7, X6, %5, x4 € {0, 1}.
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x = {x1,x2,X3, X4, X5, X6, X7, X8, X9, X10, X11} =
{01,02,03,U1,U2, U3, Te1, Trnt, Thiz, Thiz, Teo ks
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Table 6 Optimization results of 6 algorithms for welded beam design problems

Algorithm Best Var MV/% FR/%
LLAMPA 1.670217726 1.670217726 1.33x 107" 0.00 100
MPA 1.670217760 1.670217827 6.41 x10°® 0.00 100
MMPA 1.670217758 1.670217828 5.68 x 107 0.00 100
LEO-MPA 1.670217729 1.670217743 1.27x10°* 0.00 100
I-GWO 1.670281707 1.670404257 7.65 x 107 0.00 100
SASS 1.67043865 1.67105273 439x 10 0.00 100
RT EPI RS RSN 6 M TSR
Table 7 Optimization results of 6 algorithms for the process synthesis problem
Algorithm Best Avg Var MV/% FR/%
LLAMPA 2.924830554 2.926158386 2.818625 x 10°° 0.00 100
MPA 2.924830857 3.125049886 1.949274 x 10 0.00 100
MMPA 3.017707469 5.043021947 8.366092 x 107 0.00 100
LEO-MPA 2.924830676 2.989807601 4.238314 x 10 0.00 100
I-GWO 2.924874269 2.952942190 1.91408 x 107 0.00 100
SASS 2.924834184 2931218216 9.71232 x 107 0.00 100
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hi(x) = x; — 10*(x7 - 100) = 0,
ha(x) = x5 = 10*(xg — x7) = 0,
hs3(x) = x3 = 10*(500 - xg) = 0,
ha(x) = x1 — 10*(300 = x9) = 0,
hs(x) = xp — 104400 — x19) = 0,
he(x) = x3 — 104600 — x11) = 0,
h7(x) = x4 1In(x9 — 100) — x4 In(300—
x7)—x9 —x7+400=0,
hg(x) = xs1In(x19 — x7) — x5 In(400—
xg)—x10+x7 —xg+400 =0,
ho(x) = xgIn(x;; — xg) — x6 In(100)—
X11+xg+100=0;

SRS S
10* <x; <81.9x10%, 10* <xp <113.1x10%,
10* < x3 <205x10*,  0< x4,x5,%6 <5.074x 1072,
100 < x7 <200, 100 < xg, X9, 10 < 300,
100 < x11 < 400.
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70.26x7 +281.29x x3 +281.29x3 +
14437xé'8812x?‘23424x10xfi x%ch;] +

20470.2x3 85071033,

LI KA
g1(%) = 1.524x7" < 1,
©(®=1524x" <1,
€3(%) = 0.07789x; —2x; ' x9 — 1 <0,
g4() = 7.05305x5 ' x}x10x5 x5 ' x ) - 1 <0,
g5(%) = 0.0833x 3 x4 — 1 <0,
86(%) = 47.136x37 x ) x12 — 1.333xgx75 1 +
62.08x7; 1P x ) a0 2x) — 1 <0,
g7(%) = 0.0477 1x1x 3812205424 _ 1 <0,
g3(%) = 0.0488x0x2 3549316 1 <0,
g9(¥) = 0.0099x;x3' -1 <0,
g10(® = 0.0193xx;' =1 <0,
g11(® = 0.0298x1x5' -1 <0,
g12(¥) = 0.056xx5 ' =1 <0,
g13(x) = Zx;] -1<0,
g14(®) =2x7; - 1 <0,

g15(X) = xlzxfll -1<0;

AL 0.001 < x; <5, i=1,-+-,14.

F oy TR Tl Ve R G AT n)
Bf 6 PB4 A Bl 384T 50 AT 2 1 SR A1 .
PIE . 2 Pl R AR A TR,

H 2% 9 7] 1, LLAMPA & 15 50 R fif 15 21 19
SAEE L FIME . T 22 00 T HA 5 ROk bk
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SRS Bl 3.2213001x1072, $iH] LLAMPA 33576 Tl
R RIS SR BTN 6 AR iy TSR
Table 8 Optimization results of 6 algorithms for the heat exchanger network design problem
Algorithm Best Var MV/% FR/%
LLAMPA 7.04903711 x 10° 7.04903712 x 10° 1.3704 x 107" 0.00 100.00
MPA 3.305264 x 10" 2.189810 x 10" 5.2904 x 10" 1.92 0.00
MMPA 9.227617 x 10** 1.024461 x 10* 9.7796 x 10* 4.00 0.00
LEO-MPA 9.396361 x 10" 7.796936 x 10" 2.2890 x 10'® 2.62 0.00
I-GWO 9.475101 x 10" 1.132290 = 10" 8.6954 x 10" 2.12 0.00
SASS 7.04903695 x 10° 7.04903707 x 10° 4.7743 x 107 0.00 100.00
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Table 9 Optimization results of 6 algorithms for the optimal design of an Industrial refrigeration System problem

Algorithm Best Avg Var MV/% FR/%
LLAMPA 3.2213004 x 1072 3.2300370 x 1072 8.38x107® 0.00 100

MPA 3.2215393 x 107 3.2573308 x 10 3.69 x 1077 0.00 100

MMPA 3.22146060 x 107 3.2365403 x 107 1.69 x 107 0.00 100
LEO-MPA 3.2217598 x 10> 3.2436210 x 10> 1.31 %107 0.00 100
I-GWO 3.2763016 x 10 3.4186955 x 107 9.75x 1077 0.00 100

SASS 3.44057845 x 107 3.65493377 x 107* 1.99 x 107 0.00 100
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