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ABSTRACT ARTICLE INFO
Optimization is the process of finding the best solution for a problem. Heuristic Receive Date: 07 August 2023
and metaheuristic optimization algorithms are commonly used where the search Revise Date: 08 January 2024
space is complex. In recent decades, the ubiquity of trusses as structural systems Accept Date: 15 February 2024

has made their optimization an important engineering endeavor. The primary aim
of structural optimization is to determine the most suitable combination of design

variables, to achieve satisfactory performance of the structures subjected to Keywords:
constraints. the three basic features of the structural optimization problem are Optimization

The design variables, the objective function, and the constraints. This study Optimal Structure
evaluates the performances of the exchange market algorithm (EMA) in the Truss

structural optimization field for the first time. This optimization algorithm is Exchange market algorithm
inspired by the procedure of trading the shares on the stock market. In the Metaheuristic
proposed method there are two different modes in EMA. In the first mode, there is

no oscillation in the market whereas in the second mode, the market has

oscillation. For the first mode, the algorithm must recruit people toward

successful individuals, while in the second case, the algorithm seeks optimal

points. the member’s section area is assumed to be a decision variable, and the

objective function is to minimize their weight. The member stresses and node

displacements are the constraints that must be maintained within the allowed

limits for each condition. The implementation of the exchange market algorithm

has been done in MATLAB software. to quantitatively assess the performance of

the algorithm, three planar trusses (10 bar, 18 bar, and 200 bar) and three space

trusses (22 bar, 25 bar, and 72 bar) with multiple loading conditions and design

constraints have been considered. The results demonstrate that the exchange

market algorithm is very effective and efficient for the optimization designs of

medium-scale truss structural problems.
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Design Lietal Sonmez Degertekin [29] Kaveh et Kaveh et Javidi et al [21] Koshkbaghi This stud
variable [71 [25] (ABC- (EHS) (SAHS) al [31] al [35] (CSA) (ECSA) etal [13] (EMA) y

( ) HPSO AP) (WEO) (CPA) (ACCS)
Ay 30.704 30.548 30.208 30.394 30.5755 30.5022 33.6116 30.5096 30.646 30.5165
A, 0.100 0.100 0.100 0.100 0.1000 0.1000 0.1478 0.1000 0.1 0.100
A 23.167 23.180 22.698 23.098 23.3368 23.2170 22.9345 23.2253 23.103 23.2092
A, 15.183 15.218 15.275 15.491 15.1497 15.2204 13.9637 15.2315 15.063 15.1873
As 0.100 0.100 0.100 0.100 0.1000 0.1001 0.1050 0.1000 0.1 0.1000
Ag 0.551 0.551 0.529 0.529 0.5276 0.5587 0.3611 0.5517 0.573 0.5503
A, 7.460 7.463 7.558 7.488 7.4458 7.4548 7.9202 7.4561 7.478 7.4569
Ag 20.978 21.058 21.559 21.189 20.9892 21.0371 22.0883 21.0276 21.094 21.0417
A, 21.508 21.501 21.491 21.342 21.5236 21.5295 19.6785 21.5239 21.532 21.5463
Aqp 0.100 0.100 0.100 0.100 0.1000 0.1002 0.1041 0.1000 0.1 0.100

Weight 5060.92 5060.880 5062.39 5061.42 5060.99 5060.92 5095.40 5060.91 5061.03 5060.85

N('le;)“ N/A N/A 5063.73 5061.95 5062.09 5062.45 5290.79 5063.41 5061.07 5064.85
Szﬂ)e)\’ N/A N/A 1.98 0.71 2.05 3.77 125.89 5.43 0.09 7.010
NSA 125,000 500,000 9,791 7,081 19,540 23700 18,706 16401 12000 13000
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Design Lietal Sonmez Degertekin [29] Kaveh et Kaveh et Khatibinia & Yazdani Koshkbaghi  Kaveh etal This
variable [7] [25] al [31] al [35] [20] etal [13] [32] study
() HPSO (ABC-AP) (EHS) (SAHS) (WEO) (CPA) (MGSA) __ (AMGSA) (ACCS) (PGO) (EMA)
Ay 23.353 23.4692 23.589 23.525 23.5804 23.5515 23.6 23.5 23.522 23.5326  23.635
4, 0.100 0.1005 0.100 0.100 0.1003 0.1000 0.1 0.1 0.1 0.1000 0.100
As 25.502 25.2393 25.422 25.429 25.1582  25.5440 25.4 25.4 25.364 25.0068 25.144
Ay 14.250 14.354 14.488 14.488 14.1801 14.1674 14.2 14.3 14.503 14.4241 14.437
As 0.100 0.1001 0.100 0.100 0.1002 0.1000 0.1 0.1 0.1 0.1000 0.100
A 1.972 1.9701 1.992 1.995 1.9708 1.9698 2.0 2.0 1.97 1.9721 1.9696
4; 12.363 12.4128 12.352 12.334 12.4511 12.3533 12.4 12.4 12.417 12.4286 12.380
Ag 12.984 12.8925 12.698 12.689 12.9349 12.8167 12.8 12.8 12.938 12.8215 12.708
Aq 20.356 20.3343 20.354 20.3595 20.3595 20.3302 20.5 20.3 20.058 20.4603 20.441
Aqo 0.1010 0.1000 0.1000 0.1001 0.1001 0.1001 0.1 0.1 0.1 0.1000 0.1000
W(eng)ht 4677.29 4677.07 4678.31 4677.31 4677.31 4677.16 4,677.2 4,677.0 4677.267 4,677.17 4,677.0
]\gleba)n N/A N/A 4680.12 4679.06 4679.06 4678.62 4,678.1 4,677.2 4677.909 4,677.88 4677.9
S(tﬁ)e)" N/A N/A 1.016 2.07 2.07 0.95 0.9 0.1 0.455 0.72 0.80
NSA 125000 50000 14,857 19,890 19,890 23,640 15,000 10,500 12,000 17,580 19000
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Design Imani & Lee & Geem Sonmez [25] Khatibinia & Yazdani [20] This
variable Schmit [33] [26] (HS) (ABC-AP) (MGSA) (AMGSA) study
() (EMA)
Ay 9.998 9.980 10.000 10.000 10.000 9.999
A, 21.65 21.63 21.651 21.651 21.651 21.65
Ay 12.50 12.49 12.500 12.500 12.500 12.499
Ay 7.072 7.057 7.071 7.071 7.071 7.071
W(Fiibg)ht 6430.0 6421.88 6430.529 6430.529 6430.529 6430.529
Mean N/A N/A N/A 6431.0 6430.529 6430.529
(1b)
Stdev N/A N/A N/A 0.0 0.0 0.0
(1b)
NSA N/A 2,000 200,000 15,000 10,500 6,000
cv-) 0.258 x 1073 7.58 x 1073 None None None None
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Node
x y z x y z x y z
1 -20.0 0.0 -5.0 -20.0 -5.0 0.0 -20.0 0.0 35.0
2 -20.0 0.0 -5.0 -20.0 -50.0 0.0 -20.0 0.0 0.0
3 -20.0 0.0 -30.0 -20.0 -5.0 0.0 -20.0 0.0 0.0
4 —20.0 0.0 —30.0 —20.0 —50.0 0.0 —20.0 0.0 —35.0

Syas VY b3 slagas (ganog)S 5 slre sla i 390> :0 Jgoxr

V]Ziisallirlle Member Grouping Tens(lli(;ig.lmlt Compressive Limit (ksi)
Ay 1,2,3,4 36.0 24.0
A, 56 36.0 30.0
As 7,8 36.0 28.0
A, 9,10 36.0 26.0
Asg 11,12,13,14 36.0 22.0
Ag 15,16,17,18 36.0 20.0
A, 19, 20, 21, 22 36.0 18.0
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Design Sheu&  Khan& Talatahari et al Lee & Kaveh  Jalili &Kashan [36] Kaveh et This
variable Schmit  Willmert [43] Geem etal al [31] study
‘) 28] [34] (PSO)  MSPSO [26] [30]  EM-MS  (0lO) (WEOQ) (EMA)
(HS) HPSSO

Aq 2.629 2.563 25799 26320 2.588 2.6205 2.6479 2.6516 2.6196 2.6238
A, 1162 1.553 1.1312 1.1952 1.083 1.2068 1.1799 1.2108 1.1344 1.1327
Az 0.343 0.281 03472 0.3541 0.363 0.3557 0.3568 0.3471 0.3461 0.3467
Ay 0423 0512 04212 0.4145 0422 04192 0.4200 04164 04218 0.4190
Asg 2.782 2.626 2.8330 2.7644 2.827 2.7830 2.7607 2.7458 2.8002 2.7951
Ag 2173 2131 2.0946 2.0297 2.055 2.0826 2.0706 2.0611 21261 2.0936
Ay 1.952 2213 2.0205 2.0909 2.044 2.0295 2.0413 2.0590 1.9849 2.0152
Weight 1,024.8 1034.7 1024 1024 1022.2 1023.9 1023.9 1023.9 1023.97 1023.9
(Ib)
Mean N/A N/A 1033.8 1028.6 N/A 1027.5 1025.7 1025.0 1024.50 1033.66
(Ib)
Stdev N/A N/A 17.69 6.63 N/A 6.357 2.16 0.80 0.73 1452
(Ib)
NSA N/A N/A 25,000 12,500 10,000 14,406 17,000 15300 19510 20000
CV(-) None None None None 0.008 None None None None None
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Node
X y Y4 X y Z
1 0.0 20.0 -5.0 1.0 10.0 -5.0
2 0.0 -20.0 -5.0 0.0 10.0 -5.0
3 0.0 0.0 0.0 0.0 0.0 0.0
6 0.0 0.0 0.0 0.0 0.0 0.0
S5as YO b 4 Loy @li s A Joor
Design Camp & Lietal [7] Sonmez Kaveh & Kavehetal Campetal Kaveh& Kavehetal Kavehetal Thisstudy
variable Bichon [8] (PS0) [25] zakian [30] [44] Bakhshpori  [35] (CPA)  [32] (PGO) (EMA)
« ) (ACO) (ABC-AP) [27]1IGWO  (HPSSO) (mTLBO) [31] (WEO)
A 0.0100 9.863 0.0110 0.0100 0.01 0.0100 0.01 0.0100 0.0100 0.0100
A, 2.00 1.798 1.9790 1.97889 1.9907 1.9878 1.9814 1.9890 1.9908 1.988
As 2.9660 3.654 3.0030 3.00472  2.9881 29914 3.0023 2.9880 2.9872 2.9897
A, 0.0100 0.100 0.0100 0.01000 0.0100 0.0102 0.0100 0.0100 0.0100 0.0100
As 0.0120 0.100 0.0100 0.01000 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100
Ag 0.6890 0.596 0.6900 0.68880 0.6824 0.6828 0.6827 0.6980 0.6824 0.6826
A, 1.6790 1.659 1.6790 1.67834 1.6764 1.6775 1.6778 1.6780 1.6769 1.6776
Ag 2.6680 2.612 2.6520  2.65270  2.6656 2.6640 2.6612 2.6580 2.6658 2.6646
Weight  545.530 627.08 545.19  545.168 545.164 545.175 545.166 545.18  545.172 545.168
(Ib)
Mean 546.340 N/A N/A 1027.59 545.556 545483 1024.50 54549  545.392 545.330
(Ib)
Stdev 0.94 N/A N/A 6.357 0.432 0.306 0.73 0.24 0.391 0.217
(Ib)

NSA 16,500 150,000 50000 14,406 13,326 12,199 19,510 22,800 17,880 50,000
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S5aeD lab sl 5 A S
S3ae YO Gl 5 slagas (uies S 5 lre o i S9am 1 4 Jgor
Design . e . . . .
Variable Member Grouping Tensile Limit (ksi) Compressive Limit (ksi)
Ay 1 40.0 35.092
A, 2,3,4,5 40.0 11.59
As 6,7,8,9 40.0 17.305
Ay 10,11 40.0 35.092
Asg 12,13 40.0 35.092
Ag 14,15,16, 17 40.0 6.759
A, 18,19, 20, 21 40.0 6.759
Ag 22,23,24,25 40.0 11.082
Stress Constraint Values
' ' ' Displacement Constraint Values
40r 04F ‘ ‘ ‘
A S A
30 03} 1
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oles glao S 61y Y 5 X Slyz o slowle slousd sk e dgaze 120 ksi i ,iSTax 4 6 L el o o b5 glagae
23,5 ooy ya (sgae VY

Spae YV sby> 68850 Ll Ve Jgor

Node
X y Z X y V4
17 5.0 5.0 —5.0 0.0 0.0 —5.0
18 0.0 0.0 0.0 0.0 0.0 —5.0
19 0.0 0.0 0.0 0.0 0.0 —5.0
20 0.0 0.0 0.0 0.0 0.0 —5.0
Spae YV (olad gl y> ablis (ganeg )5 V) Jyuor
Ay 1,2,3,4 Agy 37,38, 39,40
A, 56,7,8,9,10,11, 12 Ao 41,42,43,44,45,46,47,48
As 13,14, 15,16 A4 49,50,51,52
A, 17,18 Ay 53,54
Ag 19, 20, 21, 22 Aqs, 55,56,57,58
Ag 23,24, 25, 26,27 Ay 59,60, 61, 62,63, 64, 65,66
A 31,32,33,34 Ass 67,68,69,70
Ag 35,36 Aje 71,72
(sl ) g0 VY (sl 5 a2 bogrpo i VY Jgor
Design Lee Lietal [7] Sonmez Degertek Javidi et al. [21] Kavehet  Kooshkba This
variable (HS)[26] [25] (ABC)  in[11] al. (WEO)  ghi [42] study
‘) (PSO) (PSOPC) (HPSO) (TLB0) (CSA) (ECSA) [31] (ACCS) (EMA)
Ay 1.963 40.053 1.652 1.907 1.8907 1.8929 1.9222 1.8899 1.8616 1.836 1.8845
A, 0.481 0.237 0.547 0.524 0.5166 0.5160 0.5897 0.5181 0.5206 0.5059 0.5170
A 0.010 21.692 0.100 0.010 0.0100 0.0100 0.0599 0.0101 0.0105 0.0108 0.0100
Ay 0.011 0.657 0.101 0.010 0.0100 0.0100 0.2848 0.0100 0.0100 0.0103 0.0100
Asg 1.233 22.144 1.102 1.288 1.2968 1.2917 2.3919 1.2548 1.2455 1.2836 1.2876
Ag 0.506 0.266 0.589 0.523 0.5191 0.5176 0.4194 0.5133 0.5177 0.5388 0.5181
A, 0.011 1.654 0.011 0.010 0.0100 0.0100 0.1121 0.0100 0.0101 0.0106 0.0100
Ag 0.012 10.284 0.010 0.010 0.0101 0.0100 0.0473 0.0100 0.0100 0.0108 0.0100
Ag 0.538 0.559 0.581 0.544 0.5208 0.5229 0.8734 0.5431 0.5327 0.5328 0.5234

A 0.533 12.883 0.458 0.528 0.5178 0.5193 0.4344 0.5180 0.5109 0.5184 0.5172
Aqq 0.010 0.138 0.010 0.019 0.0100 0.0100 0.0144 0.0100 0.0100 0.0113 0.0100
A, 0.167 0.188 0.152 0.020 0.1048 0.0997 0.1297 0.1175 0.1205 0.124 0.1170
Ags 0.161 29.048 0.161 0.176 0.1675 0.1680 0.1631 0.1656 0.1655 0.1651 0.1661
Ay 0.542 0.632 0.555 0.535 0.5346 0.5359 0.4707 0.5438 0.5397 0.5402 0.5359
A 0.478 3.045 0.514 0.426 0.4443 0.4457 0.8557 0.4398 0.4554 0.433 0.4450
Ase 0.478 1.711 0.648 0.612 0.5803 0.5818 0.4239 0.5752 0.5995 0.5745 0.5752
Weight 364.33 5417.0 368.45 364.86 363.8683 363.841 413.96 363.89 363.982 364.147 363.82

(Ib)
Mean N/A N/A N/A N/A N/A 36442 509.76  366.02 364.353 364335 363.86
(Ib)
Stdev  N/A N/A N/A N/A N/A 0.49 41.29 212 0.2188  0.186  0.0314
(Ib)

NSA 20,000 150,000 125,000 125,000 400,000 17,954 22,342 16,892 19,860 12,000 25000
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pgd > 10 g Apin = 0.01in? ol L 5 slacl ahis mhaw polie Jlas Jol cdl> jo ol a3 )5 O a0 (giluaig Cdb g0
— s Amax = 4.010n? | 3 slacl alaie mhaw iSTlas (> g0y 30 ol ool a8 5 a5 0 Ay = 0.1 00 ghabie zlaws J8lo>
5009 VY ooz slaem o8l nlos (50 it 035 aeS ozt SHl p2epsSl b ool sy g 035 MY Jguz b Ballas il
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Desien Camp et Camp Kaveh et Kaveh et Kaveh & Ilchi [12] Kaveh et Koshkbaghi Ozbasaran et al [41] This
variable al [45] (BB- al [39] al [40] al [27] & kaveh study
‘) Jgg) BC) (RO) (BA) (CBO) (ECBO)  (1gw0) (E;é]s) (CSA) (mCSA) (EMA)
Ay 1.948 1.8577 1.8365 1.85920 1.9170 1.8382 1.8585 1.8665 1.5995 2.1050 1.8847
A, 0.508 0.5059 0.5021 0.49308 0.5031 0.5259 0.5021 0.5062 0.6009 0.5179 0.5137
A 0.101 0.1000 0.1000 0.10025 0.1000 0.1000 0.1002 0.1000 0.1005 0.1001 0.100
A, 0.102 0.1000 0.1004 0.10178 0.1001 143 0.1000 0.1002 0.1105 0.1018 0.100
Ag 1.303 1.2476 1.2522 1.28534 1.2721 0.1 1.3011 1.2909 1.2956 1.1103 1.2672
Ag 0.511 0.5269 0.5033 0.51307 0.5050 2.0 0.5151 0.5177 0.4685 0.5214 0.5115
A, 0.101 0.1000 0.1002 0.10073 0.1000 124 0.1000 0.1001 0.10001 0.1025 0.1000
Ag 0.100 0.1012 0.1002 0.10248 0.1000 12.8 0.1001 0.1008 0.2368 0.1142 0.1000
Ay 0.561 0.5209 0.5730 0.51214 0.5184 20.3 0.5311 0.5148 0.3954 0.6183 0.5216
Ay 0.492 0.5172 0.5499 0.52547 0.5362 0.1 0.5122 0.5196 0.5015 0.5391 0.5178
A 0.1 0.1004 0.1004 0.10029 0.1000 0.1000 0.1008 0.1001 0.1008 0.1010 0.1000
Ay, 0.107 0.1005 0.1001 0.10297 0.1000 0.1004 0.1030 0.1014 0.1035 0.1006 0.1000
Ay 0.156 0.1565 0.1576 0.15597 0.1569 0.1577 0.1560 0.1567 0.1805 0.1568 0.1565
Ay, 0.550 0.5507 0.5222 0.55473 0.5374 0.5437 0.5472 0.5447 0.6675 0.5221 0.5439
Ags 0.390 0.3922 0.4356 0.40627 0.4062 0.4038 0.4202 0.4176 0.36 0.4379 0.4109
A 0.592 0.5922 0.5972 0.59617 0.5741 0.5794 0.5793 0.5601 0.7107 0.4491 0.5709

Weight 380.24 379.85 380.458 380.058 379.75 379.84 379.76 379.7512 394.711 382.823 379.616

N(lleba)“ 383.16 382.08 382.553 389.143 380.03 380.18 380.68 379.81 426.413 402.350 379.623
S(‘S]e)" 3.66 1.912 N/A N/A 0.278 0.3544 0.7315 0.148 24.0794 17.9511 0.0056
NSA 18,500 19,621 19,084 20,000 18,000 18,000 11,960 12,000 150,000 150,000 20,000
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Ggae Voo gbys a baye mli V0 Joox

Kaveh et al. [27 Kaveh et al. [38]
Design  Togan et Sonmez Degerteki Kaveh etal. Kaveh et [27] Kosl,l}iﬂ;bag This
variable al [37] [25] (ABC- g [31] al. [35] _ study
etal. [29] kaveh SFLA wo SSFLA:
C ) (GA) AP) WEO)( (P wo)  (Gwo) [42] Wo (EMA)

Ay 0.346 0.1039 0.146 0.1144 0.1721 1.3363 0.1024 0.127 0.1553 1.7400 0.129 0.1465
A, 1.081 0.9463 0.941 0.9443 0.9553 2.7525 0.9654 0.954 1.4015 11559 0.955 0.937
Az 0.100 0.1037 0.100 0.1310 0.1000 0.5923 0.1391 0.122 0.127 5408 0.136 0.100
A, 0.100 0.1126 0.101 0.1016 0.1004 0.5258 0.1741 0.1 0.2324 0.1303 0.100 0.100
As 2.142 1.9520 1.941 2.0353 1.9662 5.0281 1.9613 1.968 1.9778 3.1979 1.940 .9339

Ag 0.347 0.2930 0.296 0.3126  0.3055 0.4945 0.2899 0.293 0.2832 0.1364 0.301 0.298
A, 0.100 0.1064 0.100 0.1679 0.1000 1.7505 0.1294 0.115 0.2435 5.2513 0.105 0.1034
Ag 3.565 3.1249 3.121 3.1541 3.1618 3.3725 3.1511 3.095 3.1891 2.9932 3.1091 3.110
Ag 0.347 0.1077 0.100 0.1003 0.115 0.2057 0.1251 0.103 0.1010 2.2177 0.1129 0.100
Aqp 4.805 41286 4.173 41005 4.2405 4.3035 4.0627 4.094 4.2345 0.5015 4.1090 4.1106
A 0.440 0.4250 0.401 0.4350 0.4046 0.7077 0.4131 0.41 0.4942 0.5493 0.4145 0.4068
Aqp 0.440 0.1046 0.181 0.1148 0.1000 0.1212 0.4043 0.152 0.6314 10.326 0.1197 0.1895
Aqz 5.952 5.4803 5.423 5.3823 5.4132 6.6465 5.3357 5.393 5.4556 7.6522 5.4226 5.4088
Aqs 0.347 0.1060 0.100 0.1607 0.1545 0.1000 0.2632 0.198 0.4106 0.6086 0.1843 0.1724
Ags 6.572 6.4853 6.422 6.4152 6.3976 6.9236 6.3226 6.395 6.3062 6.1152 6.4222 6.408
Aig 0.954 0.5600 0.571 0.5629  0.5555 0.8096 0.7972 0.597 0.9972 1.2809 0.5826 0.622
Aq; 0.347 0.1825 0.156 0.4010 0.4425 0.1943 0.1791 0.106 0.3502 0.3930 0.1370 0.239
Aqg 8.525 8.0445 7.958 7.9735 8.0928 7.9800 8.1268 7.99 8.1519 14.410 7.9800 8.0570
Aqg 0.100 0.1026 0.100 0.1092 0.1004 0.9110 0.1141 0.103 0.9147 0.1564 0.1110 0.187
Ayg 9.300 9.0334 8.958 9.0155 8.9918 10.726 9.1337 8.987 9.0237 9.5304 8.9783 9.056
Ayq 0.954 0.7844 0.720 0.8628 0.8925 1.0542 0.8000 0.692 1.3172 0.8674 0.7307 0.866
Ay, 1.763 0.7506 0.478 0.2220 0.2544 0.2809 0.2487 0.142 0.4441 2.3461 0.4531 0.2648
Ayz 13.30 11.3057 10.897 11.0254 11.121 15.000 11.200 10.747  12.423 13.619 10.921 11.216
Ayy 0.347 0.2208 0.100 0.1397 0.1000 0.1310 0.1136 0.101 0.2864 0.1804 0.2607 0.1869
Ays 13.30 12.2730 11.897 12.0340 12.330 15.000 12.170 11.747  13.651 13.823 11.920 12.216
Aye 2.142 1.4055 1.080 1.0043 1.0110 0.9469 0.9947 0.834 1.5028 1.9525 1.1723 1.100
Ay 4.805 5.1600 6.462 6.5762 6.4103 7.8886 6.3377 7.452 4.8959 3.5929 6.3036 5.845
Azg 9.300 9.9930 10.799 10.7265 10.581 15.000 10.533 11.169 9.1316 8.5786 10.635 10.36
Ayg 17.17 14.7014 13.922 139666 14.128 13.880 14.091 13.482 15909 16.620 14.067 14.27

W(eli’g)ht 28,544 25,533.79 25,488.15 25,674.83 25,651.5 33,137.4 25,771 25,481.4 27,480.1 27,103.1 25,544.1 25536.5
Mean N/A N/A 25,533.14 26613.4 25957.1 34,561.6 26699. 25,527.66 29,420.1 28,924.0 25,774.5 25990.7
(Ib)
Stdev
(lb) N/A N/A 27.44 702.8 254.06 991.922 410 25.49 1723.39 15,454.8 254.126 270.72
NSA
51,360 1,450,000 28,059 19,410 34,560 13,200 23760 45,000 16,000 16,000 18,000 50000
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