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Abstract

This study evaluates Probabilistic Load-Adaptive Tree-Inspired Section Selection (LATSS) 
for constrained sizing of six large trusses. Finite-element utilization ratios guide probabilistic 
growth and pruning, supplemented by staged pruning, group mutation, and elitist restarts. 
Each comparison uses 30 independently initialized runs of 100,000 design evaluations with 
exactly matched initial populations. The revision adds 1200 runs, comprising corrected 
compression equation searches, operator ablations, a simple resizing heuristic, restart-
equipped JAYA and TLBO baselines, and a 50 mm displacement sensitivity study. Corrected 
LATSS best volumes are 21.002 and 23.102 m3  for the 582 and 942 bar models, compared 
with 21.487 and 23.752 m3  under the earlier equation. LATSS achieves lower best and mean 
objectives than the implemented differential evolution (DE) on four models; DE performs 
better on the 200 and 2386 bar models. At 50 mm, the 2386 bar best volumes are 430.422 m3  for 
LATSS and 406.508 m3  for DE. Removing mutation substantially worsens several large model 
results, whereas restart and staged pruning do not improve every model. All 1200 evaluation 
ledgers and final vectors were audited; ten selected new designs passed independent 
SAP2000 response and model-constraint checks. The evidence supports problem-dependent 
effectiveness under explicit axial model definitions, rather than universal superiority or 
complete structural code compliance. Archive-selected designs remain outside controlled 
statistics. A separate two-model initialization study charges the generation of each warm 
start design to its total evaluation budget.

Keywords: truss sizing; LATSS; structural utilization ratio; probabilistic section selection; 
constraint handling; reproducibility

1. Introduction
The primary objective of truss sizing is to minimize material mass or volume while 

satisfying prescribed structural constraints. Changing a member’s cross-sectional area affects 
not only its capacity but also the system stiffness, load distribution, and nodal displacements. 
Consequently, the optimal design of large-scale systems cannot be reduced to assigning 
the smallest sections to individual members independently. As the number of members 
and design groups increases, these interactions create larger and more complex search 
spaces [1].

Sizing with continuous area variables and selecting discrete sections from commer-
cial section catalogs constitute different optimization problems. Converting a continuous 
solution to standard sections can change the objective value and violate previously sat-
isfied stress, buckling, or displacement constraints. Discrete design must retain not only 
cross-sectional area but also second moments of area, the minimum radius of gyration, and 
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section identity. Mathematical programming studies of discrete sizing demonstrate the 
importance of treating catalog selection as an explicit design variable [2].

Derivative-free search methods are widely used for these problems. Differential evolu-
tion (DE) and harmony search (HS) are established approaches with different candidate 
generation mechanisms [3,4]. JAYA moves candidates toward the best solution and away 
from the worst, whereas teaching–learning-based optimization (TLBO) uses teacher and 
learner phases [5,6]. Applications to trusses include continuous and discrete sizing, as well 
as layout and topology variables [7,8]. The corrected multi-level and multi-point simulated 
annealing (CMLPSA) approach developed by Lamberti searches a population of candidate 
designs for truss optimization [9].

Hybrid methods and probabilistic search approaches developed for large-scale tow-
ers highlight the need to report solution quality together with the number of structural 
analyses [10,11]. Studies of cascade optimization and the vibrating particles system like-
wise show that model definition, design grouping, and the section set are decisive when 
interpreting results [12,13]. Discrete multi-load problems and methods based on local 
neighborhood rules further demonstrate that truss optimization is not confined to a single 
algorithm family [14,15]. Ugur, Aydemir, and Kutlu Onay enhanced the bonobo optimizer 
using inertia-weight strategies for the optimal design of high-dimensional trusses [16]. 
Their work provides a recent example of adapting search operators to high-dimensional 
structural design problems.

Learning-based methods have also been applied to performance-based optimal seismic 
design of steel frames. Degertekin and Tutar investigated JAYA for planar steel frames [17]. 
Degertekin, Tutar, and Lamberti studied TLBO for performance-based optimal seismic 
design [18] and subsequently used school-based optimization for minimum-weight design 
under interstory drift and strength constraints [19]. Degertekin and Tutar later developed 
a hybrid learning-based JAYA approach for planar and spatial steel frames [20]. Tutar 
evaluated JA, TLBO, and multi-class MC-TLBO on two planar steel frames in terms of 
structural weight and the number of analyses [21]. These studies provide methodological 
background; their seismic frame models and performance constraints differ from the linear-
elastic truss-sizing problems considered here.

A central difficulty in comparing literature results is that models identified by the 
same number of members do not necessarily represent the same problem. Unless geometry, 
member groups, supports, load vectors, material properties, section catalogs, and constraint 
equations are all matched, differences in objective values cannot be attributed solely to the 
algorithm. Similarly, agreement between two solvers for a specified section vector does not, 
by itself, establish complete reproduction of a literature model or demonstrate that search 
methods have been compared in independent runs with equal evaluation budgets.

Engineering verification must also address failure mechanisms beyond axial stress. Ex-
periments and finite-element studies of perforated stainless steel girders examine localized 
loading [22] and local web buckling [23]. These results highlight the limits of an axial truss 
evaluator; their plate girder capacities are not used as LATSS benchmark data.

Structural AI applications also include data-driven response prediction. Talpur et al. 
developed machine learning models for predicting the strength of concrete confined 
with sustainable natural FRP composites [24]. That problem concerns a learned response 
model, whereas LATSS uses direct finite-element evaluations to guide section changes. 
The distinction motivates explicit reporting of the structural evaluator, validation scope, 
and evaluation cost rather than treating different AI applications as interchangeable 
optimization benchmarks.

The proposed LATSS method uses utilization ratios obtained from finite element anal-
ysis to guide candidate generation. Groups with high structural demand are enlarged prob-
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abilistically, whereas groups with unused capacity are pruned. The tree analogy provides a 
framework for explaining the operators; the methodological contribution is not based solely 
on biological terminology [25]. The evaluation instead relies on a common computational 
budget, explicit operator definitions, and independent run records [26]. Avoiding claims of 
universal superiority is also consistent with the need to restrict optimization generalizations 
to the relevant problem classes and assumptions [27].

The study evaluates whether utilization-driven section changes provide effective con-
strained sizing across six fixed truss models and which components contribute under a 
common evaluation budget. Exact stored initial populations support comparisons with DE, 
classical and restart-equipped JAYA/TLBO, four single-component ablations, and a simple 
utilization-resizing heuristic. New searches address the corrected compression equation 
and a separate 50 mm displacement case. Numerical verification, source-model equivalence, 
and full engineering design compliance are assessed as distinct questions.

2. Materials and Methods
Figure 1 summarizes SAP2000 v24.1.0 (Ultimate, 64-bit) model construction, cross-

solver response checks, the LATSS search, and verification of selected final designs. Baseline 
model checks in the development archive were tracked separately from verification of the 
current optimization results. Solver agreement and equivalence to the source problem in 
geometry, loading, and constraints represent different levels of verification.

Figure 1. Model construction, response checking, optimization and final verification. SAP2000 checks 
cover six earlier selected LATSS designs and ten selected new designs; they do not cover every 
completed run or every structural failure mode.

2.1. Optimization Problem and Structural Analysis
The geometry and connectivity of each model are fixed. Each design group is rep-

resented by a continuous cross-sectional area or a section selected from a catalog. Let x 
denote the design vector, D the number of groups, and g(e) the group index of member e. 
The volume and material mass objectives are defined in Equation (1). Mass is distinct from 
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weight as a force; values reported in kilograms or tonnes are not multiplied by gravitational 
acceleration.

𝑉(𝑥) =
𝑛𝑒

∑
𝑒=1

𝐴𝑔(𝑒)(𝑥)𝐿𝑒, 𝑚(𝑥) =
𝑛𝑒

∑
𝑒=1

𝜌𝑒𝐴𝑔(𝑒)(𝑥)𝐿𝑒 (1)

Here, ne  is the number of members, Le  is the member length, and 𝜌e  is the material 
mass density. A linear-elastic axial truss model is solved for each candidate. Equilibrium 
and member stress for load case l are calculated using Equation (2).

𝐾(𝑥)𝑞(𝑙) = 𝐹(𝑙), 𝜎(𝑙)
𝑒 =

𝑁(𝑙)
𝑒

𝐴𝑔(𝑒)(𝑥) (2)

The global stiffness matrix is reassembled and refactorized for every section vector. 
After all prescribed load cases have been solved, stress, displacement, and any active 
slenderness or buckling conditions are evaluated. Continuous variables are restricted to 
their physical area bounds, and discrete variables can take only valid catalog sections. For 
the objective function f (x) and active constraints gk (x), the general problem is expressed 
by Equation (3).

minx ∈X f (x),  gk (x) ≤ 0, k = 1,…,ng (3)

The analysis model represents axial behavior only. Connection details, bending, fabri-
cation tolerances, foundation behavior, and site-specific loads are not modeled. Accordingly, 
feasibility in this study means compliance with the stated benchmark constraints.

2.2. Utilization Ratios and Constraint Handling
The stress utilization ratio is calculated from the most unfavorable member and load 

case within each group. The allowable stress depends on whether the member is in tension 
or compression and on the capacity equation used by the model. For the 582, 942, and 
2386 bar models, the reference axial allowable stress formulation is based on Sections D1 
and E2 of AISC–ASD (1989) [28]; the equations are given in Appendix A.1. Slenderness 
utilization is activated only when member length, the minimum radius of gyration, and an 
explicit slenderness limit are defined.

𝑢𝜎,𝑔 = max𝑒∈𝑔,𝑙
∣ 𝜎(𝑙)

𝑒 ∣
𝜎(𝑙)

allow,𝑒

, 𝑢𝜆,𝑔 = max𝑒∈𝑔,𝑙
𝜆𝑒

𝜆(𝑙)
allow,𝑒

(4)

𝑢𝑔 = max(𝑢𝜎,𝑔, 𝑢𝜆,𝑔), 𝑢𝑑 = max𝑗,𝑙
∣ 𝑞(𝑙)

𝑗 ∣
𝑞allow,𝑗

(5)

Only active components are used in Equation (5). Because the static 200 bar model has 
no separate slenderness, buckling, or displacement constraint, its group utilization consists 
solely of the stress ratio. For models without a prescribed displacement limit, ud  is not 
calculated to introduce a new acceptance criterion. The maximum absolute displacement 
component may nevertheless be reported as response information.

When a displacement limit is exceeded, an energy-based auxiliary utilization ratio 
is introduced to guide candidate generation. Let Eg  denote the total strain energy of the 
members in group g over all load cases, and Emax  the largest group energy. The auxiliary 
ratio is defined in Equation (6).

𝑢∗
𝑔 = max(𝑢𝑔, 𝑢𝑑 E𝑔/Emax), 𝑢𝑑 > 1, Emax > 0 (6)

When no displacement limit is specified, ud ≤ 1, or when Emax  = 0, 𝑢∗
𝑔 = 𝑢𝑔 is used. 

This indicator guides only growth and pruning selections; it does not alter the physical 
constraints. Because load distribution is recalculated for each new section vector, the parent’s 
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utilization ratios do not guarantee offspring feasibility. The design vector and utilization 
information are always taken from the same selected parent.

Denoting the normalized ratio for each active check by rk (x), the total squared violation 
is calculated using Equation (7). Feasibility requires every active ratio to remain at or below 
the tolerance threshold 1 + 10−8 . Feasibility-first ranking is adopted [29]. For two infeasible 
candidates with equal violation, the lower objective value is used as an additional LATSS-
specific tiebreaker.

𝜙(𝑥) = ∑
𝑘

[max(𝑟𝑘(𝑥) − 1, 0)]2, 𝑟𝑘(𝑥) ≤ 1 + 10−8 (7)

2.3. LATSS Search Mechanism
The biological motivation for LATSS concerns growth and form changes associated 

with external mechanical stimuli. Thigmomorphogenesis and reaction wood formation 
are distinct biological processes [30,31]. Neither is modeled directly here; they provide 
only a limited analogy linking high utilization to growth and low utilization to pruning. 
The terms parent and offspring refer to candidate section vectors. Population restart is a 
numerical diversity operator rather than a biological process.

2.3.1. Initialization and Parent Selection
For continuous models, each individual’s group areas are sampled independently 

from uniform distributions. The initial area for individual i and group g is obtained using 
Equation (8). For discrete models, valid section indices are selected with equal probability. 
Uniform sampling of areas and uniform sampling of section indices do not produce the 
same initial distribution.

𝐴(0)
𝑖,𝑔 = 𝐴min,𝑔 + 𝑈(0, 1)(𝐴max,𝑔 − 𝐴min,𝑔) (8)

After feasibility-first ranking of the population, one parent is selected for each offspring. 
The selection categories are the best individual with probability 60%, the top ten individuals 
with probability 30%, and the entire population with probability 10%. Selection within the 
second and third categories is uniform. For population size P, M = min(10,P), and rank 
index j, the total selection probability is given by Equation (9).

Pr(𝑗) = 0.60 1(𝑗 = 1) +
0.30
𝑀 ⋅ 1(𝑗 ≤ 𝑀) +

0.10
𝑃 (9)

Because the best individual can be selected through more than one category, a category 
probability differs from an individual’s total selection probability. Each offspring starts 
as a copy of the selected parent’s section vector. No crossover combines sections from 
different parents.

2.3.2. Probabilistic Growth and Pruning
Groups with auxiliary utilization 𝑢∗

𝑔 ≥ 1 enter the growth set, whereas groups with 
𝑢∗

𝑔 < 0.999 enter the pruning set. Groups in the narrow band between these thresholds are 
protected from both operations. When an eligible set is nonempty, one group is selected for 
the corresponding operation using the normalized weights in Equations (10) and (11). The 
operation is skipped when its eligible set is empty.

𝑤grow,𝑔 = 1(𝑢∗
𝑔 ≥ 1)(𝑢∗

𝑔)
3

(10)

𝑤prune,𝑔 = 1(𝑢∗
𝑔 < 0.999)(0.999 − 𝑢∗

𝑔 + 10−12)
2

(11)

The area updates for the selected groups are defined in Equations (12) and (13). Here, 
t is the fraction of the total evaluation budget consumed before the current evaluation. The 
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operator 𝛱  denotes enforcement of physical bounds and, for discrete models, projection 
onto a catalog area.

𝐴′
grow = 𝛱[𝐴{1 + 𝑐(𝑡)max(0.01, min(1, 𝑢∗

𝑔 − 1))}] (12)

A′
prune  = 𝛱[A𝛼(t)],  c(t) = 0.75(1 − t) + 0.25t (13)

The pruning coefficient 𝛼(t) is sampled from the three-phase schedule in Table 1. 
Larger area reductions are used early in the search and smaller changes later. This schedule 
is not an adaptation driven by success feedback. The selection exponents, thresholds, and 
probabilities were fixed in these experiments and are not assumed to be optimal.

Table 1. Pruning coefficients and sampling probabilities as a function of the NFE fraction.

NFE Fraction t Coefficients 𝜶 Probabilities Expected Value 𝜶
0 ≤ t < 0.30 0.50; 0.70; 0.85 0.30; 0.40; 0.30 0.685

0.30 ≤ t < 0.70 0.70; 0.85; 0.95 0.20; 0.40; 0.40 0.860
0.70 ≤ t ≤ 1 0.95; 0.99 0.50; 0.50 0.970

2.3.3. Mutation and Discrete Projection
Every tenth main offspring undergoes mutation in 1–3 groups selected without re-

placement from groups with different lower and upper bounds. For each selected group, 
Gaussian, uniform, or bounded polynomial mutation is chosen independently with proba-
bilities of 50%, 30%, and 20%, respectively. The Gaussian standard deviation is 10% of the 
area range, and the polynomial distribution index is 𝜂 = 20. The methodological basis and 
bounded implementation of these mutation schemes are described in [32,33].

Mutation is applied before structural analysis; an offspring subjected to mutation still 
counts as one design evaluation. In discrete models, the updated physical area is projected 
onto the nearest catalog area. If several sections are equally close, the parent’s section 
identity is retained when it is among the tied sections; otherwise, the tie is broken randomly. 
The magnitude of a catalog index is not interpreted as a capacity ranking. This distinction 
is important for sections with equal areas but different second moments of area.

2.3.4. Acceptance, Restart, and Evaluation Budget
A feasible candidate is preferred to an infeasible one. Between two feasible candidates, 

the lower objective value is preferred; between two infeasible candidates, the smaller total 
squared violation is preferred. An offspring replaces its parent when it is better, and the best-
design record is retained. If 500 design evaluations elapse without a meaningful feasible 
improvement since the last such improvement or restart, the best 20% of the population 
are retained as elites and the remaining 80% are resampled. The stagnation counter also 
operates before the first feasible design is found.

Evaluating one design under all load cases counts as one design evaluation (one NFE). 
Initialization, main offspring, mutated offspring, restarts, and failed FEM attempts are all 
included in this count. One final evaluation is reserved for a same-solver consistency check 
of the selected final design. Thus, each main independent run comprises 99,999 search 
and initialization evaluations plus one final repeat evaluation. Unchanged offspring are 
also evaluated and counted. Independent SAP2000 checks are excluded from the search 
evaluation count. Table 2 summarizes the LATSS procedure and evaluation counter.
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Table 2. LATSS procedure and evaluation counter.

Step Operation

1 Read the model, population size, independent seed, and total NFE budget.

2 Initialize continuous areas or discrete profile indices uniformly; count all 
initialization evaluations.

3 Rank the population by feasibility first; select a parent using the 
60%/30%/10% categories.

4 Sample the pruning coefficient according to the NFE fraction; grow and 
prune one group selected from each eligible set.

5 Apply mixed mutation to 1–3 groups every ten main offspring; enforce area 
bounds and project onto the catalog if required.

6 Reanalyze the offspring; check all load cases and active constraints; record 
one NFE.

7 Replace the parent if the offspring is better; retain the best-solution record.

8 After 500 NFE without improvement, retain the elite 20%, regenerate the 
remaining 80%, and count the new evaluations.

9 Use the final budgeted evaluation to check the final design with the 
same solver.

2.4. Models and Experimental Protocol
The main experimental set comprises six models with 200, 582, 942, 1938, 2386, and 

3586 members. Model sizes, variable types, and objective units are listed in Table 3. Each 
model was run 30 times from independent uniform initializations using seeds 1–30 of the 
PCG64 generator. The population size was 50 for the three smaller models and 100 for the 
others. Each independent run retained a budget of 100,000 NFE.

Table 3. Model characteristics and search spaces used in this study.

Model Nodes Groups Variables/Section Set Objective Population

200 77 29 Continuous group areas Mass (kg) 50
582 153 32 140 W profiles Volume (m3 ) 50
942 244 59 295 W profiles Volume (m3 ) 50

1938 481 204 Continuous group areas; 
upper-tower adaptation Mass (kg) 100

2386 516 220 257 W profiles; local model Volume (m3 ) 100
3586 897 280 Continuous group areas Mass (kg) 100

For each model, n = 30 and the budget per run is 100,000 NFE. The 1938 bar model is derived from 
the upper part of the 3586 bar tower with its base fixed.

The original LATSS experiment contains 180 completed runs and 18 million NFE. Sep-
arate original DE and JAYA/TLBO comparisons contain 180 and 120 runs, respectively. The 
revision adds 1200 completed runs and 120 million NFE: 120 corrected equation LATSS/DE 
runs, 900 ablation and utilization-resizing runs, 120 restart-equipped JAYA/TLBO runs, and 
60 displacement 50 runs. These 1680 controlled completed runs total 168 million NFE. The 
revised six-model LATSS summary uses the corrected 582/942 runs and the original runs for 
the other four models; it is not an additional experiment. Interrupted attempts, fixed vector 
checks, warm starts, and SAP2000 checks are excluded from these controlled budgets and 
retained separately. A separate, cost-accounted initialization study adds sixty model/seed 
pairs with three 50,000-NFE stages per pair, totaling nine million actual new evaluations. 
Each of the two staged policies is charged 100,000 NFE; their common generation stage is 
computed once and shared. It is not counted twice in the physical total, and these outcomes 
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are not pooled with the uninterrupted run sample. Table 4 summarizes the experimental 
series, which are treated separately in this study.

Table 4. Experimental series treated separately.

Experimental Series Models Runs/Initialization NFE/Run Completed 
Evaluations

Main LATSS Six models 30 per model; independent 
uniform starts 100,000 18,000,000

Matched JAYA–TLBO 1938 and 3586 30 per method and model; 
matched starts 100,000 12,000,000

Source-assisted LATSS 200 10; around the JA vector, 
seeds 13–22 50,000 500,000

Additional LATSS from 
previous good design 200, 582, 942, 2386 1 per model; seed 81008 100,000 400,000

Matched DE baseline Six models 30 per model; exact stored 
LATSS initial populations 100,000 18,000,000

Corrected LATSS–DE 582/942 30 per method/model; 
matched starts 100,000 12,000,000

Ablation and resizing Six models 5 alternatives × 30 per model 100,000 90,000,000
Restart JAYA–TLBO 1938/3586 30 per method/model 100,000 12,000,000

Displacement50 2386 LATSS/DE × 30 100,000 6,000,000
Table 4 accounts for distinct completed computational series; it is not a pooled statistical sample. Four 
interrupted revision attempts were retained outside the completed sample and repeated from their 
original seeds and full budgets. All 1200 final revision ledgers contain 100,000 sequential evaluations, 
including initialization and one final repeat. A final independent sparse evaluation is outside that 
budget. Source-assisted and archive generation costs are reported separately and are not treated as 
equal end-to-end initialization costs.

Model definitions were based on the geometry, grouping, material, loading, and 
constraint information in [7] for the 200 bar model, [11] for the 582 and 942 bar mod-
els, [10,34,35] for the large towers, and [12,13,36] for the 2386 bar model. Using source data 
does not establish exact equivalence between every local model and its published coun-
terpart. The problem actually solved is defined by frozen inputs comprising coordinates, 
connectivity, groups, supports, loads, self-weight factors, material properties, section cata-
logs, and capacity equations. Local adaptations are described in Section 2.5, and the nodal 
loads are given in Appendix C. In particular, records from different versions of the 942 and 
2386 bar section catalogs limit any claim of exact equivalence to a single published catalog. 
Appendix B reports the local model assignments and section vectors. Published numerical 
data used in the author’s selective compilations are identified explicitly in Appendix D.

The corrected 582/942 searches use the negative cubic denominator term in the 
AISC–ASD (1989) compression expression [28], with compression and tension slenderness 
limits of 200 and 300 unchanged. Both LATSS and DE were rerun from the exact original 
initial populations for 30 seeds per model. Earlier positive cubic records are retained only 
for sensitivity and provenance. The 2386 revision sensitivity retains its discrete catalog and 
applies a 50 mm displacement limit; it is distinct from the local 80 mm case and from a 
continuous area literature problem. Limited modern code formula diagnostics are not used 
to claim complete ANSI/AISC 360 compliance.

2.5. Model Definitions
2.5.1. Static 200 Bar Planar Truss

The first model is a static truss with 77 nodes and 29 continuous area groups [7]. Its elas-
tic modulus is 30 Msi = 206.842719 GPa, and its density is 0.283 lbm/in3  = 7833.413033 kg/m3 . 
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Member E58 connects nodes N22 and N23, and the physical supports are N76 and N77. 
Out-of-plane Z restraints enforce planar analysis. The geometry is shown in Figure 2; 
grouping and literature-assisted design areas are provided in Appendix B.

Figure 2. Geometry, node and member numbering, and 29 design groups of the planar 200-member 
truss. Drawn by the author from the computational model data; benchmark definition from [7].
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LC1 applies 1 kip in the +X direction to 11 nodes, and LC2 applies 10 kip in the 
−Y direction to 55 nodes. LC3 is the sum of LC1 and LC2 with unit factors. The stress limit 
is ±10,000 psi, and the lower area bound is 0.1 in2 . The 20 in2  upper bound used in the local 
search is not presented as a literature-defined limit. This model has no displacement, natural 
frequency, separate slenderness, or buckling constraint and is not the frequency-constrained 
200 bar problem in [37].

2.5.2. Discrete 582 and 942 Bar Towers
The 582 bar model contains 153 nodes, 32 design groups, and a catalog of 140 AISC W-

shape sections. The frozen FEM inputs use E = 210 GPa and an allowable nodal displacement 
of 80 mm in each coordinate direction [11]. Structural volume is minimized. The capacity 
calculations use Fy = 36 ksi (248.211 MPa). Elastic response agreement with SAP2000 is 
reported separately from these capacity checks; it does not by itself establish agreement in 
material yield settings or steel design checks. Figure 3 reproduces the published reference 
geometry [38]; the numerical model retains the frozen inputs described here.

Figure 3. Published schematic of the 582 bar tower: (a) 3D view; (b) side view; (c) top view. Repro-
duced from the corresponding figure in Moez et al. [38], under CC BY 3.0 (https://creativecommons.
org/licenses/by/3.0/). Cropped from the source page and resized; technical labels unchanged. Local 
analysis inputs are defined in Section 2.5.2.

The 942 bar model uses 244 nodes, 59 design groups, and a catalog of 295 sections. 
The frozen inputs specify an elastic modulus of 210 GPa, a density of 7850 kg/m3 , a yield 
strength of 36 ksi, and a displacement limit of 381 mm. The allowable tensile stress on the 
gross section is 0.60Fy [28]. The BASE copy used in this study retains the assignments group 
5 = members 224–235 and group 8 = members 220–223. Figure 4 reproduces a published 
reference schematic [39]; its displayed dimensions are not substituted for the frozen local 
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coordinates used in the analyses. Appendix B lists the actual local member identifiers and 
group assignments, using the same member-to-group mapping as the analysis inputs.

Figure 4. Published schematic of the 942 bar tower: (a) isometric view; (b) front view; (c) top 
view. Reproduced from the corresponding figure in Bodalal and Shuaeib [39], under CC BY 4.0 
(https://creativecommons.org/licenses/by/4.0/). Cropped from the source page and resized. The 
displayed dimensions belong to the source schematic; the frozen local model is defined in Section 2.5.2.

The corrected 582/942 searches enforce tension slenderness ≤300 and compression 
slenderness ≤200, using K = 1 and the frozen catalog minimum radius. The allowable 
compression stress uses the negative cubic denominator in Equation (A3), switching to 
Equation (A4) above the critical slenderness. Displacement limits remain 80 mm and 
381 mm. The elastic geometry, loads, catalog, yield strength and initial populations are 
unchanged. Local plate buckling and other unmodeled failure modes remain outside these 
axial acceptance criteria.

2.5.3. Adapted 1938 and 3586 Bar Tower Problems
The two large towers have 204 and 280 continuous area groups, respectively. Figure 5 

reproduces the published 3586 bar reference schematic [10]; the local 1938 bar adaptation is 
defined below. The tower problem definitions are attributed to [10]. The horizontal nodal 
force magnitudes follow those reported by Lamberti and Pappalettere [34] in Section 9.6.2 
of their book chapter. The 3586 bar model contains 897 nodes and 16 supports. The 1938 bar 
model retains the first 481 nodes of that geometry, translates their Z coordinates by −130 m, 
and restrains all translations at nodes 470–481. Removing the 12 perimeter bars at the cut 
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plane gives a 285 m high upper-tower model with 1938 members. This truncation and 
support definition are local adaptations; matching the horizontal force magnitudes does 
not establish complete equivalence to every published tower model.

Figure 5. Published schematic of the 3586 bar tower: (a) assembly; (b) segments; (c–f) segment 
and junction details; (g) key-node layout. Adapted from the corresponding figure in Degertekin 
et al. [10], under CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/). Cropped from the 
source page and resized; Labels have been re-rendered for improved legibility; their numerical values 
are unchanged. The local 1938 bar upper-tower adaptation is defined in Section 2.5.3.

For the 3586 bar model, the total vertical load in LC1 is −47,695.5 kN. In LC2, 112 nodes 
on the left face each receive +0.6672 kN in X, and 112 nodes on the right face each receive 
−0.4448 kN in X. In LC3, 112 nodes on each of the rear and front faces receive −0.4448 and 
+0.4448 kN in Y, respectively. The total X load in LC2 is +24.9088 kN, and the total Y load 
in LC3 is zero. A zero resultant does not imply the absence of opposing nodal forces. The 
complete node sets were constructed from the literature face-and-floor scheme and the 
current geometry. These horizontal nodal forces are one-tenth of their counterparts in the 
thesis [35]; no claim is made that the vertical loads were scaled by the same factor.

The 1938 bar adaptation retains the same loading scheme at free nodes, with no external 
forces assigned to support nodes. The LC1 total is −20,047.5 kN, and the LC2 total X load 
is +19.1264 kN. Both LC2 and LC3 load 172 nodes. Because fixing the base excludes the 
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flexibility of the lower tower, this definition is not treated as an exact reproduction of a 
separate literature 1938 bar benchmark.

Both continuous area towers use a density of 2767.991 kg/m3 , a local tensile stress 
limit of 40 ksi = 275.790292 MPa, and a displacement limit of 406.4 mm. The reference 
chapter gives 275.9 MPa [34]. Equation (A6) corresponds to mean diameter divided by 
wall thickness Dm/t = 100; Appendix A.2 derives the coefficient. The original elastic search 
uses area and length directly, without a separate compression yield cap. This idealization 
does not establish elastoplastic safety. Area bounds are 0.1–200 in2 .

2.5.4. Discrete 2386 Bar Tower
The 2386 bar model contains 516 nodes, 220 design groups, 257 W sections, and 

16 supports. Although its literature context derives from large-scale tower and VPS stud-
ies [12,13], the member-to-group mapping, catalog version, and 80 mm displacement limit 
are components of the local model definition. The geometry is shown in Figure 6. In the 
PAPER_COMBINED case, a simultaneous load vector of (+5, +5, −30) kN is applied to 
each of 500 nodes.

Figure 6. Local 2386-member computational model drawn by the author from stored coordinates, 
connectivity, restraints, and group identifiers: (a) axonometric view; (b) plan of the lowest two bays; 
(c) member count in each design group. Raster export: 600 dpi. Benchmark context: [12,13]; local 
formulation: Section 2.5.4.
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The 80 mm displacement limit is consistent with the discrete 2386 bar example of Kaveh 
and Ilchi Ghazaan [12], whose performance constraints refer to the first example in that 
article. This should be distinguished from the 50 mm limit in the continuous area problem 
of Shahrouzi et al. [36]. The local search uses AISC–ASD-type tension and compression 
capacities and an active tension-slenderness limit of 300. Compression slenderness of 200 is 
not an independent rejection threshold in the recorded 2386 bar search; its treatment and the 
subsequent Section B7 capacity check are stated in Appendix A. All 30 final designs satisfy 
the local 80 mm displacement limit. Catalog and group mapping differences continue 
to limit direct literature comparisons. A separate revision series repeats LATSS and DE 
at 50 mm, with 30 matched starts per method; only the displacement bound changes. 
No claim of equivalence to the continuous area section domain of [36] follows from this 
sensitivity study.

2.6. Verification, Statistics, and Computational Cost
During LATSS development, baseline axial models derived from SAP2000 models 

were compared in MATLAB R2021a (version 9.10.0.1602886), Python, and OpenSees 3.5.0 
(64-bit). The development archive, maintained under the name LASS, records agreement 
in displacements and axial forces between MATLAB and Python for six baseline models, 
together with Python–OpenSees agreement. These records document the development 
of the LATSS analysis infrastructure; they are not treated as reruns of the current 180-run 
series in all four software environments. In particular, the earlier 200-variable definition of 
the 200 bar model differs from the current 29-group model, and bending response in the 
earlier SAP2000 frame model of the 2386 bar tower lies outside the axial solver comparison.

The current main optimization series was conducted using the Python FEM implemen-
tation. The scientific runtime documented in the project environment record was Python 
3.13.15 (64-bit), with NumPy 2.5.3 and SciPy 1.18.1. Fixed designs were used to check 
MATLAB–Python agreement in objectives, responses, constraint decisions, and operator 
bounds. Because the two languages use different random-number generators, an identical 
seed number does not imply an identical search sequence. Final designs were checked 
using an independent sparse FEM solver. The selected best design for each model was 
also checked in SAP2000, and its section assignments, loads, supports, and response data 
were verified after reopening the saved files. These checks are limited to the corresponding 
model and section vector. The available records are not presented as a controlled speed 
ranking across all platforms for the six current models.

The original six selected LATSS designs have recorded SAP2000 checks. Ten selected 
new designs, covering corrected LATSS/DE, restart-equipped JAYA/TLBO, and the 50 mm 
LATSS/DE case, were newly analyzed in isolated SAP2000 copies. Input geometry, grouping, 
loads, supports, assigned areas, and section radii were read back, and saved results were 
reopened. Model acceptance was recalculated from SAP2000 responses using the explicit 
capacity equations. This distinguishes elastic response agreement from the selected capacity 
convention and broader code compliance.

NFE denotes the number of design evaluations, whereas NSA denotes the number of 
right-hand side solves for the load cases. For a normal evaluation, NSA = L NFE, where 
L is the number of load cases. The 200, 1938, and 3586 bar models have L = 3, while the 
582, 942, and 2386 bar models have L = 1. Matrix factorizations and right-hand side solves 
were recorded separately. The counter at which the final best design was first attained is 
not equivalent to the cost of finding the first feasible solution or reaching a common target.
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The best, mean, worst, and sample standard deviation are reported for each model. 
The standard deviation uses the n − 1 denominator; N/A rather than zero is used when no 
feasible design is available. NOE is the number of members whose stress checks exceed 
the tolerance. CVσ and CVU are the maximum positive exceedances of the strict stress and 
displacement ratio limits, respectively, expressed as percentages. CVU is undefined for the 
200 bar model because it has no displacement limit.

Paired comparisons retain the identities of all 30 completed seeds. Feasibility counts 
are reported before objective summaries. Conditional mass comparisons use only pairs 
verified by both solvers and employ two-sided exact Wilcoxon signed-rank tests, with Holm 
adjustment across the four LATSS–JAYA/TLBO comparisons. These tests describe jointly 
verified subsets, not unconditional performance. An additional exact sign test ranks verified 
feasibility before mass and retains all 30 pairs. The four sign tests form a separate Holm-
adjusted family. Runs from a single model are not treated as independent problem blocks 
for a cross-problem Friedman test [40,41]. The six LATSS–DE Wilcoxon comparisons form 
an additional, separately Holm-adjusted family; reductions and wins are signed in favor 
of LATSS. These per-model tests do not establish general superiority across all structural 
optimization problems. Revision tests use separate Holm families for the two corrected 
LATSS–DE comparisons, thirty LATSS–ablation/resizing comparisons, four restart baseline 
comparisons, and the single 50 mm comparison. Two-sided Wilcoxon tests retain paired 
verified objectives; all 30 feasibility-first outcomes are reported separately. Percentile 95% 
confidence intervals use 10,000 paired bootstrap resamples of comparator-minus-LATSS 
differences and are conditional on joint verification. These intervals do not include model 
definition uncertainty or adjustment for all possible optimizer choices.

In computational cost terms, parent ranking is O(PlogP), and group operations are 
O(D). For n degrees of freedom, bandwidth b, and L load cases, banded factorization 
costs approximately O(nb2 ), right-hand side solves cost O(Lnb), and extraction of member 
responses costs O(ne L). The current catalog projection costs O(DC) for C sections. Struc-
tural solutions were not reused from a cache. Because hardware and concurrent process 
conditions were not controlled consistently, wall-clock times are not used to infer speed supe-
riority. Supplementary Materials: Reproduction_Data.zip: Reproduction data supporting 
the analyses reported in this study.

3. Results
3.1. Solution Quality in the Main Series

Table 5 summarizes the revised primary LATSS sample: corrected searches for the 
582 and 942 bar models and the original independent uniform searches for the other four 
models. Every row retains 30 completed runs with 100,000 NFE each. All final vectors pass 
both the recorded search criteria and independent sparse verification. The original positive 
cubic series is reported separately in Section 3.4.2, so its distribution is not silently replaced 
or pooled with the corrected sample.

The best primary designs for the 200, 582, 942, 1938, 2386 and 3586 bar models use 
seeds 2, 3, 17, 28, 12 and 16, respectively. Figures 7–12 show best-so-far feasible objectives 
from all 30 runs, with the best final run emphasized. Records before a run first obtains 
feasibility are omitted only from objective plots; first-feasible costs and success proportions 
are reported separately.
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Table 5. Objective statistics for this study: 30 independent runs per model.

Model Unit Best Mean Worst Sample SD

200 kg 12,267.383 13,666.374 15,615.013 921.583
582 m3 21.002 22.671 24.365 0.816
942 m3 23.102 26.000 32.463 2.427

1938 kg 171,898.150 199,455.527 243,239.157 21,082.185
2386 m3 229.303 255.754 291.662 17.041
3586 kg 561,361.170 625,151.214 715,505.475 41,893.189

Each row contains 30 completed, independently initialized runs. SD uses n − 1. The 582/942 entries use 
corrected negative cubic searches; other entries retain their stated original protocols, including 80 mm 
for 2386. Selected design SAP2000 checks do not imply commercial software analysis of all 180 vectors. 
Archive selections and ablation improvements are excluded from this fixed primary sample.

Figure 7. Convergence of 30 independent LATSS runs for the 200 bar model. The thick line denotes 
the best run (seed 2); thin lines denote the remaining runs.

Figure 8. Corrected expression LATSS convergence for the 582 bar model across 30 independent runs. 
Thin lines show the best-so-far feasible objective histories of individual runs, while the thick line 
highlights the run with the best final objective (seed 3). All runs have 100,000 NFE.
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Figure 9. Corrected expression LATSS convergence for the 942 bar model across 30 independent runs. 
Thin lines show the best-so-far feasible objective histories of individual runs, while the thick line 
highlights the run with the best final objective (seed 17). All runs have 100,000 NFE.

Figure 10. LATSS convergence for the 1938 bar upper-tower model across 30 independent runs. Thin 
lines show the best-so-far feasible objective histories of individual runs, while the thick line highlights 
the run with the best final objective (seed 28). All runs have 100,000 NFE.

Figure 11. Convergence of 30 independent LATSS runs for the 3586 bar model. Thin lines show the 
best-so-far feasible objective histories of individual runs, while the thick line highlights the run with 
the best final objective (seed 16).
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Figure 12. Convergence of 30 independent LATSS runs for the 2386 bar model. Thin lines show the 
best-so-far feasible objective histories of individual runs, while the thick line highlights the run with 
the best final objective (seed 12).

3.2. Model-Specific Convergence Behavior
For the 200 bar model, the best mass is 12,267.383 kg, the mean is 13,666.374 kg, and 

the sample standard deviation is 921.583 kg. Figure 7 shows the 30 runs from independent 
starts. The separate series initialized around the literature JA vector is excluded from this 
distribution, preserving the distinction between performance from random starts and local 
improvement of a good initial design.

With the corrected expression, LATSS obtains a best volume of 21.002278 m3 , mean 
22.671133 m3  and sample SD 0.815683 m3  for 582 bars. For 942 bars, the corresponding 
values are 23.102412, 25.999513, and 2.426649 m3 . Figures 8 and 9 are regenerated from 
the corrected search histories, rather than final vector rechecks. Although both best values 
improve, the 942 bar SD and worst outcome increase; the correction does not improve every 
summary statistic.

For the 1938 bar upper-tower model, the best mass is 171,898.150 kg, the mean is 
199,455.527 kg, and the sample standard deviation is 21,082.185 kg. For the 3586 bar model, 
the corresponding values are 561,361.170, 625,151.214, and 41,893.189 kg. The convergence 
histories are shown in Figures 10 and 11. Differences from literature masses cannot be 
attributed to algorithms without accounting for the upper-tower adaptation and the selected 
loading definition.

For the 2386 bar model, the best volume is 229.303037 m3 , the mean is 255.754146 m3 , 
and the sample standard deviation is 17.041056 m3 . Figure 12 shows the independent runs 
without VPS-based initialization. The displacement limit of 80 mm agrees with the discrete 
benchmark in [12]. The local catalog and grouping must nevertheless be matched before 
numerical comparisons are interpreted as algorithmic improvements. The continuous area, 
50 mm problem in [36] defines a different comparison class.

Shahrouzi et al. [36] reported JA and Jaya with passive congregation (JAPC) results 
over ten independent runs for a continuous area, using a 220-group definition of a tower 
with the same number of members. The best feasible masses are 4,820,755.4 kg for JA and 
4,089,653.7 kg for JAPC (Table A18). In that source, areas vary continuously from 40 to 
1600 cm2 , and displacement in each direction is limited to 50 mm. The discrete W sections 
and 80 mm limit used here define a different feasible region; those masses are therefore not 
converted into a direct performance ranking against the LATSS volume results.
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3.3. Independent SAP2000 Checks and Additional Capacity Verification
Table 6 combines selected design responses for the revised primary LATSS sample. The 

582/942 rows use newly analyzed corrected search designs; other rows retain their recorded 
earlier SAP2000 results. The first-attainment fields are retained only where directly audited 
and otherwise shown as N/A. Every selected row satisfies its stated axial constraints, but 
these checks do not imply SAP2000 verification of all primary runs.

Table 6. Independent SAP2000 responses and first-attainment counters for the selected best designs 
in this study.

Model Seed Umax 
(mm)

|𝛔|max 
(MPa) CVU (%) First NFE First NSA

200 2 16.999322 68.945794 N/A 97,060 291,180
582 3 79.986417 87.787906 0 N/A N/A
942 17 178.324987 141.601320 0 N/A N/A

1938 28 406.399966 166.009060 0 99,906 299,718
2386 12 79.999927 65.367428 0 98,287 98,287
3586 16 406.399799 202.314186 0 99,994 299,982

The 582/942 SAP2000 rows refer to corrected expression seeds 3 and 17. First NFE/NSA, where shown, 
denotes first attainment of the final best design rather than first feasibility. All reported acceptance 
statements refer to the explicit benchmark criteria, not full steel design certification.

For the six selected LATSS designs, the largest recorded normalized difference between 
reopened SAP2000 and Python displacement fields was 9.33 × 10−11 , and the corresponding 
maximum across axial-stress fields was 1.78 × 10−11 . Each difference is normalized by 
the maximum absolute Python response of that design. Zero member bending moments 
confirm the intended axial idealization in these copies. Bound and catalog validity, active 
stress/capacity ratios, model-specific slenderness criteria, and displacement limits were 
checked separately using the returned responses. These checks do not include connections, 
local plate buckling, torsional or flexural–torsional buckling, imperfections, second-order 
effects, fatigue, or dynamic loading. Response agreement does not certify a general steel 
design check or resolve the material yield settings of every SAP model.

The maximum recorded SAP2000 displacements are 406.399966 and 406.399799 mm 
for the 1938- and 3586 bar models and 79.999927 mm for the 2386 bar model. The last value 
satisfies the 80 mm limit used here and in the discrete reference [12], but not the 50 mm 
limit of the distinct continuous area problem [36]. Twenty compression members of the 
selected 2386 bar design have L/r above 200, with a maximum of 209.23334. This does not 
trigger an independent rejection in the recorded search; the additional sparse-FEM Section 
B7 capacity check accepted the fixed design at 80 mm. It was not a new SAP2000 analysis.

The earlier corrected capacity rechecks established only that existing sections remained 
feasible. The new corrected 582/942 searches now provide 60 independent LATSS histories 
and 60 matched DE histories. Their best LATSS volumes are 21.002278 and 23.102412 m3 . 
The 50 mm study supplies a further 60 histories; its LATSS best volume is 430.422108 m3, 
and its DE best volume is 406.507545 m3 . The earlier 80 mm vectors remain infeasible at 
50 mm and are not reclassified by the new searches. These series must remain separate 
because the constraints differ.

Appendix E gives selected SAP2000 response fields. The 582/942 panels are replaced 
with the new corrected search designs; the remaining earlier primary design panels retain 
their original section vectors. All ten new verification records, section assignments, and 
numerical fields are included in the reproduction package. Response plots do not replace 
equal budget optimizer comparisons.
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3.4. Matched Comparisons with JAYA, TLBO, and Differential Evolution
Classical JAYA [5] and TLBO [6] were compared on the 1938/3586 models; DE/rand/1/

bin [3] was compared across all six. Each method uses the exact stored 30 initial populations 
and 100,000 NFE. The original basic JAYA/TLBO operations are retained in Table 7. The 
revised six-model DE table replaces the earlier positive cubic 582/942 comparisons with cor-
rected LATSS/DE searches, while keeping other original protocols. Restart-equipped com-
parisons are reported separately in Section 3.4.4. Population sizes remain 50 for 200/582/942 
and 100 otherwise.

In the implemented JAYA baseline, the best and worst individuals were fixed at the 
start of each generation, and two random coefficient vectors were generated per generation. 
In the TLBO teacher phase, the teacher and population mean were fixed; each learner 
used a scalar coefficient and a teaching factor of either 1 or 2. During the learner phase, a 
different peer was randomly selected, and improving candidates were accepted sequentially. 
Out-of-bounds areas were clipped to their lower or upper bounds. No additional local 
search or restart was used. These results therefore do not reproduce enhanced or hybrid 
JAYA/TLBO variants.

Table 7. Matched comparisons for the two large towers using 30 runs per method and 100,000 NFE 
per run.

Model Method Verified/Completed Best (kg) Mean (kg) Worst (kg) Sample SD (kg)

1938 LATSS 30/30 171,898.150 199,455.527 243,239.157 21,082.185
1938 DE 30/30 1,086,580.652 1,401,775.191 1,600,034.566 134,099.918
1938 JAYA 30/30 776,418.498 861,428.198 921,082.662 36,062.872
1938 TLBO 25/30 234,963.934 245,907.506 254,845.318 5329.986
3586 LATSS 30/30 561,361.170 625,151.214 715,505.475 41,893.189
3586 DE 30/30 2,614,049.130 3,083,832.853 3,325,090.004 165,630.337
3586 JAYA 30/30 1,876,453.870 1,992,875.781 2,135,701.273 64,319.036
3586 TLBO 15/30 789,856.104 822,577.356 842,589.307 16,267.494

Objective summaries are conditional on passing both banded and sparse FEM checks. All 30 runs per 
method and model were completed and retained; verified TLBO counts are 25/30 and 15/30. The load-
ing magnitudes follow [34], while the upper-tower adaptation and other frozen local inputs remain 
part of the problem definition. These results are not direct replications of all literature benchmarks.

The previously completed LATSS–JAYA–TLBO comparison contains 180 final designs 
across the two towers; all underwent independent sparse-FEM checking. LATSS and 
JAYA passed 30/30 checks on each model. At the recorded tolerance of 10−8 , banded and 
sparse decisions differed for five TLBO designs of the 1938 bar model and fifteen of the 
3586 bar model. The largest solver differences in maximum utilization were 2.85 × 10−10 
and 5.61 × 10−10 , respectively. At a diagnostic tolerance of 10−7 , all 30 TLBO designs on 
both models pass both checks; at zero tolerance, the counts are 2/30 and 4/30. These 
changes identify numerical boundary sensitivity, not large physical constraint violations. 
The original acceptance tolerance and conditional statistics are retained.

LATSS obtained lower best verified masses than the implemented JAYA and TLBO 
baselines. Conditional paired Wilcoxon tests support lower mass within the jointly verified 
subsets, with Holm-adjusted p-values of 7.45 × 10−9  against JAYA on each model, 2.38 × 10−7 
against TLBO on the 1938-bar model, and 6.10 × 10−5  against TLBO on the 3586 bar model. 
In the all-30 feasibility-first comparison, LATSS wins 30/30 pairs against JAYA on both 
models and 29/30 and 30/30 pairs against TLBO. These findings are specific to the recorded 
implementations, initialization, budgets, and acceptance convention. New JAYA and TLBO 
designs have not been checked in SAP2000.
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Figures 13 and 14 show LATSS with restart-equipped JAYA/TLBO on the two towers. 
Every method retains all 30 completed runs. Lines and bands denote the median and in-
terquartile range of search-feasible best-so-far objectives; curves begin at the first checkpoint 
where every plotted run has a feasible incumbent. The enhanced series is distinct from the 
basic implementations in Table 7.

Figure 13. LATSS and restart-equipped JAYA/TLBO convergence for the 1938 bar model. Median 
and interquartile range are calculated across all 30 runs per method. Curves begin at 100 NFE; the 
objective axis is logarithmic.

Figure 14. LATSS and restart-equipped JAYA/TLBO convergence for the 3586 bar model. Median 
and interquartile range are calculated across all 30 runs per method. Curves begin at 100 NFE; the 
objective axis is logarithmic.

3.4.1. Differential Evolution Protocol and Six-Model Results
DE uses three distinct donors excluding the target individual, mutation scale F = 0.5, 

and binomial crossover probability CR = 0.9, with at least one donor coordinate forced into 
each trial. Donors are drawn from the frozen population at the start of each generation. 
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Continuous variables are clipped to their bounds; discrete catalog index variables are 
clipped and rounded to the nearest integer. The same feasible-first selection key is used by 
all methods. Initialization and one final repeat evaluation are included in the 100,000 NFE; 
sparse verification is additional. No polishing, restart, or convergence-based early stopping 
is used in DE. Exact equality of all 180 initial populations and all model/engine hashes was 
checked. Every DE evaluation ledger contains 100,000 sequential records, and all 180 final 
designs passed independent sparse-FEM checking at the original tolerance. The selected 
corrected 582/942 and 50 mm 2386 DE designs have new SAP2000 checks. The 200 bar and 
80 mm 2386 DE designs retain sparse-FEM verification only. Table 8 summarizes the six-
model comparison between LATSS and DE using identical initial populations and 100,000 
NFE per run.

Table 8. Six-model LATSS–DE comparison under identical initial populations and 100,000 NFE 
per run.

Model/Unit Method Verified/
Completed Best Mean Worst Sample SD

200/kg LATSS 30/30 12,267.383 13,666.374 15,615.013 921.583
200/kg DE 30/30 11,549.488 11,579.805 11,677.363 31.167
582/m3 LATSS 30/30 21.002 22.671 24.365 0.816
582/m3 DE 30/30 25.120 26.255 27.824 0.610
942/m3 LATSS 30/30 23.102 26.000 32.463 2.427
942/m3 DE 30/30 34.395 36.578 39.566 1.265
1938/kg LATSS 30/30 171,898.150 199,455.527 243,239.157 21,082.185
1938/kg DE 30/30 1,086,580.652 1,401,775.191 1,600,034.566 134,099.918
2386/m3 LATSS 30/30 229.303 255.754 291.662 17.041
2386/m3 DE 30/30 212.113 217.182 221.362 2.480
3586/kg LATSS 30/30 561,361.170 625,151.214 715,505.475 41,893.189
3586/kg DE 30/30 2,614,049.130 3,083,832.853 3,325,090.004 165,630.337

Both methods have 30/30 verified designs per model. The 582/942 rows use new 
corrected equation runs; the other rows retain their original inputs, including 80 mm for 
2386. Means and sample SD include all 30 designs. These locally controlled comparisons 
do not reproduce every literature benchmark.

Reduction is 100 × (DE − LATSS)/DE for each matched seed. The six revised primary 
model comparisons form one Holm-adjusted family in Table 9. Supplementary corrected-
series contrasts additionally retain their separately declared two-comparison family. All 
thirty paired final designs are independently verified; these within-model tests do not imply 
cross-problem superiority.

Table 9. Paired LATSS–DE comparisons of final verified objectives.

Model Pairs LATSS Wins DE Wins Median Reduction (%) Wilcoxon W Holm p

200 30 0 30 −16.58 0 1.12 × 10−8 
582 30 30 0 14.16 0 1.12 × 10−8 
942 30 30 0 30.37 0 1.12 × 10−8 
1938 30 30 0 85.70 0 1.12 × 10−8 
2386 30 0 30 −16.13 0 1.12 × 10−8 
3586 30 30 0 79.95 0 1.12 × 10−8 
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LATSS has lower best and mean objectives on the 582, 942, 1938, and 3586 bar models. 
DE performs better on the 200 and 2386 bar models. For the 200 bar model, the DE best 
and mean masses are 11,549.488043 and 11,579.805312 kg, compared with 12,267.382926 
and 13,666.373994 kg for LATSS. Both algorithms’ raw 200-bar objectives were converted 
from lbm using 0.45359237 kg/lbm. On the 2386 bar model, DE obtains a best volume of 
212.112927 m3  and a mean of 217.182316 m3 , compared with 229.303037 and 255.754146 m3 
for LATSS. The best DE volume is 7.50% lower than the best main-series LATSS volume. 
Archive-selected LATSS v2 values are outside this equal budget comparison and cannot be 
substituted for main-series runs. Figures 15–18 show the matched LATSS–DE convergence 
histories for the 200, 582, 942, and 2386 bar models, respectively.

Figure 15. Matched LATSS–DE convergence for the 200 bar model. Median and interquartile range 
across all 30 runs; logarithmic objective axis. Curves start at 300 NFE, when all runs have search-
feasible incumbents. The original model protocol is retained.

Figure 16. Matched LATSS–DE convergence for the 582 bar model. Median and interquartile range 
across all 30 runs; logarithmic objective axis. Curves start at 300 NFE, when all runs have search-
feasible incumbents. The corrected compression expression is used.
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Figure 17. Matched LATSS–DE convergence for the 942 bar model. Median and interquartile range 
across all 30 runs; logarithmic objective axis. Curves start at 800 NFE, when all runs have search-
feasible incumbents. The corrected compression expression is used.

Figure 18. Matched LATSS–DE convergence for the 2386 bar model. Median and interquartile 
range across all 30 runs; logarithmic objective axis. Curves start at 6700 NFE, when all runs have 
search-feasible incumbents. The original model protocol is retained.

3.4.2. Searches with the Corrected Compression Equation
Thirty LATSS and thirty DE searches were repeated for each of the 582/942 models 

with the negative cubic term active throughout. The original and corrected LATSS initial 
populations are byte-identical. The corrected best volumes decrease by 2.257% and 2.737%, 
respectively; means decrease by 0.872% and 2.216%. The 942 bar worst value increases from 
32.080526 to 32.462629 m3 . Thus, final vector feasibility checks alone would have missed 
changes in search behavior and dispersion. Table 10 compares the original and corrected 
compression-equation LATSS results for the 582 and 942 bar models using paired initial 
populations. Figures 19 and 20 show the convergence histories for the 582 and 942 bar 
models, respectively, using the corrected compression equation.
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Table 10. Original and corrected expression LATSS searches with paired initial populations.

Model Expression Best (m3 ) Mean (m3 ) SD (m3 ) Verified

582 Earlier positive 21.487 22.871 0.991 30/30
582 Corrected negative 21.002 22.671 0.816 30/30
942 Earlier positive 23.752 26.589 2.188 30/30
942 Corrected negative 23.102 26.000 2.427 30/30

Figure 19. Compression equation sensitivity for 582 bars. Median and interquartile range across 
thirty runs per expression; the curves represent separate searches, not rechecks of final sections.

Figure 20. Compression equation sensitivity for 942 bars. Median and interquartile range across 
thirty runs per expression; the curves represent separate searches, not rechecks of final sections.
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3.4.3. Operator Removal and Simple Utilization Resizing
Four alternatives remove only one feature: use uniform probabilities within the existing 

growth/pruning eligible sets; disable restart; disable group mutation; or replace staged 
pruning with fixed α = 0.85. All other operators, initial populations, and evaluation budgets 
are retained. The fixed-pruning variant still consumes the original coefficient draw before 
overriding its value, preserving that random draw in the implementation. Uniform group 
weighting retains utilization-based eligibility and growth magnitude, so it is not a complete 
removal of engineering information.

A fifth alternative updates all group physical areas simultaneously using the multiplier 
clip(max(group utilization, displacement ratio), 0.5, 2), followed by the same bounds/cat-
alog projection and feasibility-first selection. It cycles through the population without 
mutation or restart and evaluates even unchanged candidates. This explicitly defined 
simple heuristic is not asserted to be a universal canonical fully stressed design method.

Means and SD in Table 11 are conditional on independently verified feasibility, while 
every success denominator remains thirty. Simple resizing verifies 27/30 designs on the 
200 bar model and 8/30 on the 942 bar model; its successful subset averages must not be 
read as unconditional superiority. All other reported alternatives verify 30/30 per model. 
Supplementary paired tests retain feasibility-first outcomes for all thirty seeds as well as 
conditional objective contrasts.

Table 11. Equal budget alternatives with exactly matched initial populations. Units are kg for 
200/1938/3586 and m3  otherwise.

Model Variant Verified Best Mean SD

200 Uniform weights 30/30 13,612.073 15,654.701 1705.717
200 No restart 30/30 12,362.962 13,522.952 662.264
200 No mutation 30/30 12,287.756 13,688.464 1093.297
200 Fixed pruning 30/30 12,145.780 13,020.591 879.292
200 Simple resizing 27/30 11,616.568 11,618.375 5.208
582 Uniform weights 30/30 21.435 22.035 0.482
582 No restart 30/30 21.617 22.907 0.774
582 No mutation 30/30 22.551 28.404 1.900
582 Fixed pruning 30/30 21.951 22.834 0.737
582 Simple resizing 30/30 34.905 52.729 13.238
942 Uniform weights 30/30 23.975 27.667 3.082
942 No restart 30/30 23.575 25.739 1.807
942 No mutation 30/30 23.970 27.063 2.052
942 Fixed pruning 30/30 23.519 27.944 2.464
942 Simple resizing 8/30 152.804 187.457 27.707

1938 Uniform weights 30/30 177,276.770 212,518.444 22,383.121
1938 No restart 30/30 157,362.043 194,206.739 18,684.334
1938 No mutation 30/30 308,421.822 373,902.646 25,798.116
1938 Fixed pruning 30/30 170,492.043 192,251.028 13,050.604
1938 Simple resizing 30/30 278,587.887 328,054.196 24,617.997
2386 Uniform weights 30/30 239.120 270.293 16.840
2386 No restart 30/30 228.771 256.261 17.307
2386 No mutation 30/30 322.249 355.081 17.806
2386 Fixed pruning 30/30 235.363 250.981 11.093
2386 Simple resizing 30/30 678.971 803.549 52.286
3586 Uniform weights 30/30 568,866.508 646,538.052 49,922.959
3586 No restart 30/30 551,640.713 619,524.106 49,137.623
3586 No mutation 30/30 1,032,063.580 1,208,162.848 66,912.642
3586 Fixed pruning 30/30 539,378.918 602,941.283 33,204.344
3586 Simple resizing 30/30 1,001,716.092 1,079,516.817 48,847.640
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Figure 21 summarizes the percentage changes in mean objective for the four operator 
variants. Mutation removal increases mean objectives, particularly on the 1938, 2386, and 
3586 bar models. Conversely, uniform group weights improve the 582 bar mean, and 
fixed pruning improves the 200 and 3586 bar means. Removing restart improves some 
distributions. These are component removal contrasts within a fixed configuration; they do 
not establish a single best component combination or isolate higher-order interactions. Six 
model-specific convergence figures and the full adjusted comparisons are supplied in the 
supplement.

Figure 21. Percentage change in mean objective when one LATSS feature is changed. Positive values 
indicate a larger objective than full LATSS. All cells use thirty independently verified designs; the 
simple resizing heuristic is excluded because its success rates differ.

3.4.4. Restart-Equipped JAYA and TLBO
The basic JAYA/TLBO candidate operations are supplemented by the same 500-NFE 

feasible improvement stagnation trigger, 20% elite retention, and 50/30/20 restart mixture 
as LATSS. The mixture generates uniform designs, local perturbations of retained elites, or 
a uniform fallback when no source generator is installed. Restart evaluations count toward 
100,000 NFE. These are controlled restart-equipped variants, not claims to reproduce a 
published enhanced algorithm; elitist TLBO variants in the literature [42] provide distinct 
methodological context. Table 12 compares LATSS with restart-equipped JAYA and TLBO 
for the 1938 and 3586 bar tower models using paired initial populations.

Table 12. Tower comparisons with restart-equipped baselines and paired initial populations.

Model Method Verified Best (kg) Mean (kg) SD (kg)

1938 LATSS 30/30 171,898.150 199,455.527 21,082.185
1938 JAYA + restart 30/30 782,957.499 877,747.612 53,464.242
1938 TLBO + restart 30/30 205,923.931 222,376.039 10,157.908
3586 LATSS 30/30 561,361.170 625,151.214 41,893.189
3586 JAYA + restart 30/30 1,834,018.966 2,018,908.910 83,961.445
3586 TLBO + restart 30/30 677,582.638 741,413.607 39,036.004

All thirty restart-equipped runs per method and tower pass both solvers at the original 
10−8  acceptance tolerance. Their best and mean masses remain above LATSS. The 1938-bar 
TLBO + restart mean is 222,376.039 kg, and the 3586-bar mean is 741,413.607 kg; the 
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LATSS means are 199,455.527 and 625,151.214 kg. This reduces one imbalance in recovery 
mechanisms but does not exhaust tuning, representation, or enhancement possibilities.

3.4.5. Displacement Limit Sensitivity of the 2386 Bar Model
The displacement limit is reduced from 80 to 50 mm with geometry, loads, material, 

grouping, and the 257-section discrete catalog frozen. Thirty independent matched-start 
runs per method remain at 100,000 NFE; no warm-start vector or 80 mm final vector is 
injected. This is a local discrete sensitivity experiment, not a reproduction of the distinct 
continuous area literature definition. Table 13 compares the LATSS and DE results for the 
2386 bar model under displacement limits of 80 mm and 50 mm.

Table 13. Separate 80 mm and 50 mm searches for the frozen local discrete 2386 bar model.

Limit Method Verified Best (m3 ) Mean (m3 ) SD (m3 )

80 mm LATSS 30/30 229.303 255.754 17.041
80 mm DE 30/30 212.113 217.182 2.480
50 mm LATSS 30/30 430.422 460.946 19.193
50 mm DE 30/30 406.508 414.614 6.313

At 50 mm, DE has both a lower best volume and a lower mean volume than LATSS. 
The best-volume difference is 23.914563 m3  (5.56% of the LATSS best), and the paired 
mean comparator-minus-LATSS difference is reported with its confidence interval in the 
supplement. The larger volumes than at 80 mm reflect the tighter feasible region and 
changed search trajectory, rather than a change inobjective units. Figure 22 shows the 
corresponding LATSS–DE convergence histories at the 50 mm displacement limit.

Figure 22. LATSS–DE convergence at a 50 mm displacement limit for the local discrete 2386 bar model. 
Median and interquartile range across thirty runs per method; the objective axis is logarithmic.

3.4.6. New SAP2000 Verification and Numerical Sensitivity
All ten selected new designs satisfy the stated axial checks recalculated from SAP2000 

responses. The largest normalized displacement and stress differences are 2.890 × 10−10 
and 5.757 × 10−11 . Each field error is normalized by the largest absolute Python component 
of that design. Geometry, loads, restraints, grouping, section areas, and radii were read 
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back; original source SDB files were unchanged. These checks cover selected corrected and 
comparator designs rather than every final run, every ablation, or every steel failure mode. 
Table 14 summarizes the SAP2000 verification results for the ten newly selected designs.

Table 14. Newly selected best designs checked in SAP2000 after reopening saved results.

Model/series Method Seed Umax (mm) Max Ratio Response Error

582/corrected LATSS 3 79.98642 0.99983022 1.45 × 10−13 
582/corrected DE 2 77.21798 0.97655159 1.95 × 10−13 
942/corrected LATSS 17 178.32499 0.99989746 1.53 × 10−13 
942/corrected DE 6 133.36913 0.97435565 3.63 × 10−13 
1938/restart JAYA + R 30 236.81008 0.96604933 1.56 × 10−10 
1938/restart TLBO + R 5 406.40000 1.00000000 7.94 × 10−11 
3586/restart JAYA + R 26 321.64120 0.91966850 2.89 × 10−10 
3586/restart TLBO + R 29 406.14507 0.99937271 2.18 × 10−10 
2386/50 mm LATSS 24 49.99997 0.99999945 9.87 × 10−14 
2386/50 mm DE 14 49.97474 0.99949490 1.94 × 10−13 

The 582 bar source material record retains 50 ksi, whereas acceptance calculations use 
36 ksi. The new solver comparisons do not use native steel design checks; yield strength 
does not enter the linear-elastic stiffness at fixed E. External capacity acceptance consistently 
uses the declared 36 ksi. The discrepancy is disclosed rather than treating elastic response 
agreement as proof that the native material yield record agrees. For continuous towers, the 
new SAP tube proxies use mean Dm/t = 100 to match Equation (A6).

Fresh sparse free-degree-of-freedom residuals were checked for the 480 original 
LATSS/DE/JAYA/TLBO final vectors and all 1200 new final vectors. Maximum load-
normalized residuals are 8.36 × 10−11  and 6.56 × 10−11 , respectively. Basic TLBO classi-
fications change at numerical boundaries: acceptance at 10−8  is 25/30 and 15/30, while a 
diagnostic 10−7  threshold accepts 30/30 in both towers. Direct banded/sparse solves expose 
no user-set iterative convergence tolerance. Threshold sensitivity and displacement reserve 
checks are therefore fixed vector diagnostics, not tighter tolerance reoptimization. Complete 
new-run threshold and reserve counts accompany the supplement.

Fixed vector displacement reserves of 0.1%, 0.5%, and 1% change acceptance for bound-
ary designs. For the original LATSS towers, only one 1938-bar vector retains a 0.1% reserve, 
and none retains 0.5% or 1%; no 3586-bar vector retains 0.1%. Consequently, unchanged 
engineering-margin rankings are not claimed. All thirty outcomes, conditional summaries, 
and paired bootstrap intervals remain available in the supplement.

3.4.7. Feasibility Discovery and Budget Dependent Outcomes
The archived ledgers distinguish first-feasible NFE from first attainment of the final best 

design. On the two original tower comparisons, every method has median first feasibility 
at one evaluation: the uniform populations already contain feasible designs. The large 
differences in final mass therefore primarily concern refinement rather than delayed initial 
feasibility. For the original stress-only 200-bar LATSS and DE series, median first-feasible 
NFE is 36 for both. Revised per-seed first-feasible NFE and objective values at 10k, 25k, 50k, 
and 100k are supplied as separate data tables. Post hoc targets are labeled as such; no target 
was used for early stopping or budget selection.

3.4.8. Initialization Comparison Including Design Generation Cost
For the 200 and 2386 bar models, thirty independent paired seeds each generate a 

design in 50,000 NFE. Two continuations each receive 50,000 additional NFE: the warm-start 
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continuation replaces only population slot zero with the same-seed generated design; the 
uniform reset control retains the exact stored uniform population. Both consume the same 
initialization random draws. The generation stage is shared, but its full 50,000-NFE cost 
is charged to each policy. Both policies therefore cost 100,000 NFE end to end, while their 
paired physical execution uses 150,000 rather than 200,000 evaluations. Across sixty pairs, 
this is nine million new physical NFE, with all 180 stage ledgers audited. Historical archive 
vectors are not used.

The reported incumbent is the best-verified design across both paid stages, even 
when it originates in generation. Each stage includes initialization and one final repeat, 
and uses its own 50,000-NFE three-phase schedule. Warm versus uniform reset isolates 
elite injection under the same schedule reset; comparison with the existing uninterrupted 
100,000-NFE runs additionally tests a different budget allocation. The two staged policies 
share preparation and must not be treated as independent samples. Seed pairs remain 
independent within each model.

For the 200 bar model, mean objectives are 13,265.695 for paid warm starts, 13,924.429 for 
the paid uniform reset control, and 13,666.374 for uninterrupted uniform search. Feasi-
bility counts remain explicit in Table 15; conditional objective summaries do not replace 
the success denominators. The direction and uncertainty of each paired contrast are re-
ported in the supplement, including cases where warm starts do not improve performance. 
Figures 23 and 24 compare the initialization-policy convergence histories for the 200 and 
2386 bar models, respectively.

Table 15. Initialization strategies at 100,000 total charged NFE per policy. Mass is in kg for 200 bars 
and volume in m3  for 2386 bars; the generation-stage cost is included.

Model Policy Verified Best Mean SD

200 Uniform 100k 30/30 12,267.383 13,666.374 921.583
200 Paid warm start 30/30 12,034.107 13,265.695 929.769
200 Paid uniform reset 30/30 12,405.058 13,924.429 852.840

2386 Uniform 100k 30/30 229.303 255.754 17.041
2386 Paid warm start 30/30 235.522 256.378 14.654
2386 Paid uniform reset 30/30 257.894 301.338 22.757

Figure 23. Initialization policies for the 200 bar model. The horizontal axis includes all paid generation 
evaluations. The dotted line marks the 50,000-NFE stage boundary; median and interquartile range 
use thirty paired seeds per policy.
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For the 2386 bar model, mean objectives are 256.378 for paid warm starts, 301.338 for 
the paid uniform reset control, and 255.754 for uninterrupted uniform search. Feasibility 
counts remain explicit in Table 15; conditional objective summaries do not replace the 
success denominators. The direction and uncertainty of each paired contrast are reported 
in the supplement, including cases where warm starts do not improve performance.

Figure 24. Initialization policies for the 2386 bar model. The horizontal axis includes all paid generation 
evaluations. The dotted line marks the 50,000-NFE stage boundary; median and interquartile range 
use thirty paired seeds per policy.

Paid warm starts improve the 200 bar mean by 400.679 kg relative to uninterrupted 
search, but this contrast does not meet the 5% threshold after six-comparison Holm adjust-
ment (p = 0.06255). For 2386 bars, the mean difference is +0.624 m3  (Holm p = 0.95153), 
providing no evidence of improvement over uninterrupted search. Warm starts outperform 
the uniform reset control on both models (Holm p = 1.03 × 10−5  and 1.12 × 10−8 ), showing 
that preserving a generated elite helps under the tested reset protocol without establishing 
a general benefit of splitting a fixed budget.

Paired bootstrap intervals and two-sided Wilcoxon tests compare all three policy pairs 
on each model, with Holm adjustment across these six contrasts. Feasibility-first wins retain 
all thirty pairs. Targets of 11,600 kg and 200 m3  were declared before this additional study 
after inspecting earlier results; target access is consequently descriptive and post hoc relative 
to the original experiment. Targets do not change stopping or budgets. No inference about 
the full cost or reliability of the historical LATSS v2 archive follows from this controlled 
new study. Table 16 summarizes the additional SAP2000 checks of the best independently 
feasible design under each staged initialization policy for the 200 and 2386 bar models.

Table 16. Additional SAP2000 checks of the best independently feasible design under each staged 
initialization policy.

Model Policy Seed Selected Stage Maximum Ratio

200 warm 14 warm 1.00000000
200 uniform_reset 27 generation 1.00000000

2386 warm 29 warm 0.99999914
2386 uniform_reset 24 generation 0.99999913
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All four selected staged policy designs satisfy the declared axial constraints recalculated 
from SAP2000 responses. Source models are preserved; the copies, readback records and 
saved response checks are supplied separately. These selected checks do not verify every 
initialization study vector or omitted structural limit states.

3.5. Literature-Assisted LATSS Series for the 200 Bar Model
A separate LATSS series for the static 200 bar model was initialized around the pub-

lished JA section vector and small perturbations of that vector. Ten independent runs with 
seeds 13–22 used a population of 50 and a budget of 50,000 NFE. Each run comprises 
49,999 search evaluations and one final repeat evaluation. All ten runs satisfied the FEM 
constraints. The best design was obtained with seed 22 and passed the recorded SAP2000 
check. Table 17 summarizes the literature-assisted LATSS results for the 200 bar model and 
the verification results for the selected design.

Table 17. Literature-assisted series for the 200 bar model and verification summary for the 
selected design.

Measure Literature JA [7] Source-Assisted LATSS

Independent runs 20 10; initialized around JA
Population 20 50

Best mass (kg) 11,550.062921 11,549.599237
Mean mass (kg) 11,556.3860 11,549.956404
Worst mass (kg) 11,569.0185 11,550.053409
Sample SD (kg) 10.9406 0.144772

Analysis measure NSA to best design: 31,580 Total evaluation budget: 
50,000 NFE/run

SAP Umax (mm) Separate local reanalysis 17.44082332079
SAP |σ|max (Pa) — 68,947,234.89490728

SAP stress utilization ratio — 0.999995097191069
FEM–SAP relative stress difference — 1.728993044209622 × 10−14 

FEM–SAP relative 
displacement difference — 6.0672670141931486 × 10−15 

SAP maximum moment (N·m) — 0.0
SAP results refer to seed 22. No separate displacement constraint is imposed. The source NSA at 
best-design attainment and the total LATSS NFE budget are not directly comparable speed measures.

Using the displayed mass values, the best literature-assisted design is 0.463684 kg 
(0.004015%) lighter than the published JA mass and 0.454172 kg (0.003932%) lighter than the 
local reanalysis of the same JA vector. These differences are interpreted as local improvement. 
The common JA initialization and low dispersion do not demonstrate general robustness 
to random starts. The area vector is given in Table A3, and statistics for other literature 
methods are provided in Appendix D.

3.6. LATSS v2 Archive-Selected Designs
LATSS v2 denotes a collection of the best recorded designs selected by screening the 

LATSS and earlier LASS archives. The label does not identify a new algorithm implemen-
tation or a rerun of the six-model experimental series. A total of 472 distinct designs that 
could be matched to source models were reevaluated under the current frozen model inputs; 
four additional warm-start designs were also checked. The selected results are listed in 
Table 18. The 200, 582, 942, and 2386 bar designs come from individual additional runs 
initialized from previously obtained good sections. The 1938 and 3586 bar designs are the 
best members of the existing 30-run series. Original algorithm names, seeds, and section 
vectors are retained in the source records. No new 30-run sample, mean, standard deviation, 
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or success rate is derived from this collection, and the total costs of generating designs with 
different initialization histories are not equal.

Table 18. LATSS v2 best-of-records selection under the frozen local protocols.

Model Unit Main-Series 
Best

LATSS v2 Archive 
Selection Seed Record/Verification

200 kg 12,267.3829 11,549.121206 81008 Warm start; FEM
582 m3 21.002278 20.752163 81008 Warm start; FEM
942 m3 23.102412 20.964708 81008 Warm start; FEM

1938 kg 171,898.150327 171,898.150327 28 Main series; FEM + SAP
2386 m3 229.303037 186.782688 81008 Warm start; FEM
3586 kg 561,361.169735 561,361.169735 16 Main series; FEM + SAP

LATSS v2 denotes an archive selection, not a separate algorithm or a new 30-run experiment. No v2 
mean, standard deviation, success rate, or equal budget superiority is inferred. Warm-start generation 
costs precede the additional NFE shown in the records. Fixed vector capacity checks are separate 
from search statistics and do not establish equivalence to literature problems.

The additional runs for the 200, 582, 942, and 2386 bar models used seed 81008 and 
100,000 NFE; population sizes were 50 for the first three models and 100 for the 2386 bar 
model. Their combined cost of 400,000 NFE is additional to the cost of obtaining the 
preceding designs. Recorded SAP2000 verification is available for the selected 1938 and 
3586 bar designs, but no new SAP2000 checks were performed for the four additional designs. 
The 582 and 942 bar results belong to the earlier positive cubic denominator protocol, and 
the 2386 bar result uses the 80 mm displacement limit. The frozen 1938 and 3586 bar 
models use horizontal loads equal to one-tenth of the thesis values; these results cannot be 
interpreted as verified under the full thesis loading. Source-model matching is incomplete 
for the earlier LASS records of 19.565996 m3  for the 582 bar model and 20.261135 m3  for the 
942 bar model. The earlier LATSS 942 bar design with 19.913842 m3  uses a geometry/group 
mapping different from the current model. These lower values are excluded from Table 18. 
In the additional sparse FEM capacity checks, the 582, 942, and 2386 bar archive vectors 
satisfied the corrected capacity equation and their local displacement limits; the 2386 bar 
archive vector did not satisfy the 50 mm limit. These checks do not change the statistical 
status of the archive selections.

4. Discussion
4.1. Interpretation of Utilization-Driven Search

The defining feature of LATSS is the link between candidate generation and demand-
to-capacity information obtained from structural analysis. Highly utilized groups are more 
likely to be selected for growth, whereas groups with low utilization are selected more 
frequently for pruning. Although this mechanism has an engineering interpretation, the 
utilization ratios of a preceding design do not guarantee satisfaction of the constraints in a 
new design. Reanalysis of every offspring and a separate feasibility criterion are therefore 
integral to the method.

Performing discrete sizing operations on physical areas rather than catalog indices 
avoids an artificial assumption that capacity follows index order. Retaining the identities of 
equal area sections and using their actual minimum radii of gyration are important. In the 
SAP2000 copies, the R22/R33 transfer was corrected to match the catalog axes, while areas, 
second moments of area, frozen minimum radii of gyration, and the 10−7  transfer tolerance 
were unchanged. Transfer consistency does not, however, establish exact equivalence 
between catalog versions and those used in the literature.
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4.2. Initialization, Evaluation Counts, and Comparison Fairness
The initialization distribution can affect the solution regions reached by metaheuristics 

and the variability across independent runs [43]. Accordingly, the main independent start 
series, the series initialized around the literature JA design, and the additional runs initial-
ized from previously obtained good designs are evaluated separately. Table 18 presents 
archive designs selected from different initialization histories; it is not a controlled exper-
iment isolating the effect of initialization strategy. In particular, the difference observed 
for the 2386 bar model suggests that access to this design region from independent starts 
should be improved. A single additional run is nevertheless insufficient to characterize 
initialization sensitivity statistically.

The six-model comparison favors LATSS on four defined models and DE on the 200 
and 2386 bar models. Restart-equipped JAYA/TLBO reduce the imbalance in recovery mech-
anisms; they do not reproduce all published enhancements or a tuned baseline. LATSS still 
has lower best and mean tower masses than these tested variants. Physical-area projection 
and catalog index rounding remain different representation choices. The simple utilization 
heuristic is strong on the stress-only 200 bar problem but has low success on 942 bars, 
showing that neither complexity nor the tree analogy establishes general superiority.

NFE, NSA, and elapsed time are different measures of computational cost. Literature 
analysis counts at best-design attainment are not equivalent to the total evaluation budgets 
assigned here. Similarly, first attainment of a run’s final best design does not measure the cost 
of reaching a common target. Without controlled hardware and process conditions, wall-
clock rankings would exceed the evidence available for computational cost comparisons.

Figure 25 shows the recorded mean elapsed times per model in the main 30-run series. 
Each run comprises 100,000 NFE. The means for the 200, 582, 942, 1938, 2386, and 3586 bar 
models are 241.4, 543.8, 709.3, 1213.5, 2284.8, and 2804.8 s, respectively. Because concurrent 
process loads and hardware conditions were not held constant across experiments, the 
figure is descriptive; it demonstrates neither interalgorithm speed superiority nor a scaling 
law based solely on member count.

Figure 25. Recorded mean elapsed time per 100,000-NFE run across 30 independent LATSS runs for 
each local model. Wall-clock times are descriptive and were not measured under controlled hardware 
and concurrent process conditions.
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4.3. Model Equivalence and Structural Validity
Published algorithm results, local reanalyses, and the current independent LATSS runs 

constitute different types of evidence. A literature design reported with a lower volume may 
violate constraints in a local reanalysis because of differences in inputs, catalogs, or capacity 
interpretation. Such a result alone does not establish failure of the literature algorithm. The 
literature values in Appendix D are not presented as competitor runs performed anew in 
this study.

The horizontal nodal magnitudes 667.2 and 444.8 N agree with the specified chap-
ter [34], whereas the thesis [35] uses different values. Therefore, the earlier blanket state-
ment that the models used one-tenth of every source load was inaccurate. The 1938 cut-plane 
model remains a local topology/support adaptation. Corrected 582/942 optimization now 
changes search trajectories and distributions. For 2386, the source-aligned 80 mm discrete 
context [12] and the additional 50 mm local discrete study must both remain distinct from 
the continuous area case [36]. Catalog and grouping equivalence is not certified by matching 
one displacement bound.

Applying these results to a real tower project would require assessment of connections, 
fabrication, foundations, site-specific wind and other project loads, and second-order behav-
ior. This data set does not constitute a site-specific engineering project. Feasibility in a linear 
axial model cannot replace broader design objectives such as safety against imperfections 
or member loss and assessment of post-buckling behavior [44,45].

4.4. Limitations and Future Research
The equal budget ablations quantify removal effects only within the tested configura-

tions. They do not estimate all interactions, retune the remaining operators, or identify a 
unique optimal schedule. Uniform weighting changes probabilities within the same eligible 
group sets; it does not remove utilization thresholds or growth magnitudes. Fixed prun-
ing can improve some models, and restart removal sometimes improves results. Broader 
parameter sensitivity, factorial experiments, and additional problem families are needed 
before generalizing component contributions.

The cost-accounted initialization study in Section 3.4.8 covers two frozen local models 
and freshly generated same-seed designs. It does not recover the unknown generation 
cost of historical archive selections, which remain descriptive. Warm versus uniform reset 
policies isolate elite injection under a common phase reset; comparison against uninter-
rupted search also changes phase allocation. Tightened acceptance thresholds and fixed 
vector displacement reserves do not constitute reoptimization under engineering margins. 
The linear axial checks omit connections, local and torsional buckling, imperfections, and 
second-order or dynamic behavior. New SAP2000 checks cover ten earlier revision selec-
tions and four initialization study selections, not every run. No public repository DOI is 
claimed. Source-equivalent catalog and topology studies remain necessary for broader 
literature rankings.

5. Conclusions
The revised primary LATSS sample contains 30 independent uniform start runs per 

model, with corrected Compression equation searches used for 582/942. All primary designs 
satisfy their defined axial constraints. The 1200 additional revision runs, and 120 million 
NFE separately test the corrected equation, component removals, a simple resizing heuristic, 
restart-equipped tower baselines, and the 50 mm displacement case. Together with the 
original controlled series, 1680 completed runs and 168 million NFE are retained without 
pooling incompatible protocols. The separate initialization experiment contributes nine 
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million physical NFE, bringing the retained controlled-evaluation total to 177 million; shared 
preparation stages are counted only once.

Primary best masses remain 12,267.383, 171,898.150 and 561,361.170 kg for 200, 1938 
and 3586 bars. Corrected best volumes are 21.002 and 23.102 m3  for 582 and 942 bars; the 
2386 primary 80 mm result remains 229.303 m3 . At 50 mm, LATSS and DE obtain 430.422 
and 406.508 m3 . Ten selected new designs pass SAP2000 response and model-constraint 
checks, with maximum normalized displacement disagreement below 2.90 × 10−10 . This 
does not certify complete modern steel code compliance.

LATSS has lower best and mean objectives than the tested DE implementation on four 
local models, while DE is better on the 200 and 2386 bar models. LATSS also outperforms 
the implemented restart-equipped JAYA/TLBO tower baselines in best and mean mass. 
These statements are supported by paired records, explicit success counts, and conditional 
statistics. Basic TLBO boundary disagreements remain visible in the original series; they 
are not erased by reporting the separate enhanced experiments.

Separate warm-start searches showed that lower objective values than those in the main 
series could be reached. The LATSS v2 archive selections achieved 11,549.1212 kg for the 
200 bar model and 20.7522, 20.9647, and 186.7827 m3  for the 582, 942, and 2386 bar models, 
respectively. These values do not represent a new equal budget sample of 30 runs. Initial-
design generation costs differ, and new SAP2000 checks of the four additional designs have 
not been completed. The archive selection is therefore kept separate from the main-series 
means, standard deviations, and success rates.

Mutation has a substantial favorable removal contrast on several larger models, but 
staged pruning and restart do not benefit every problem. The simple resizing heuristic 
reaches lower conditional masses on the stress-only 200 bar case, whereas it verifies only 
8/30 final 942 bar designs. These mixed findings support a bounded, model-dependent in-
terpretation of LATSS. Improving access to good regions from independent starts, clarifying 
full source equivalence, and testing omitted engineering limit states remain priorities.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/buildings16214328/s1. Reproduction_Data.zip: Reproduction data supporting the analyses 
reported in this study.
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Abbreviations
The following abbreviations are used in this manuscript.

Term Description
LATSS Probabilistic Load-Adaptive Tree-Inspired Section Selection
FEM Finite element method
NFE Number of candidate design evaluations
NSA Number of structural right-hand side solutions for the load cases
SD Sample standard deviation
NOE Number of members with stress-check exceedance above tolerance
AISC American Institute of Steel Construction
CVσ/CVU Maximum positive normalized stress/displacement exceedance (%)
CVf Coefficient of variation in the objective; 100 × SD/mean
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TLBO Teaching–learning-based optimization
ASD Allowable stress design
VPS Vibrating particles system
N/A Measure undefined or data unavailable

Appendix A. Unit Conversions and Model Constraints
This appendix summarizes the model-specific limits associated with the common 

formulation in the main text. The distinction between mass and volume objectives is retained. 
Unit conversions use 1 in = 0.0254 m, 1 lbm = 0.45359237 kg, and 1 kip = 4.4482216152605 kN. 
The density of 0.283 lb/in3  in the static 200 bar problem is interpreted as lbm/in3  for mass 
calculations. A general treatment of constrained structural optimization is provided in [46].

Appendix A.1. Stress, Slenderness, and Displacement
Member slenderness is calculated using Equation (A1), where K is the effective length 

factor and rmin  is the minimum radius of gyration of the section. K = 1 is used for the 582-, 
942-, and 2386-bar models. Sign-dependent capacity checks use the tensile capacity for 
tensile stress and the compressive capacity for the absolute value of compressive stress.

𝜆𝑒 =
𝐾𝑒𝐿𝑒
𝑟min,𝑒

, 𝑟(𝑙)
𝜎,𝑒 =

∣ 𝜎(𝑙)
𝑒 ∣

𝜎(𝑙)
allow,𝑒

(A1)

For the 582-, 942-, and 2386 bar models, the allowable tensile stress on the gross section 
is 𝜎 t ,allow  = 0.60Fy , based on AISC–ASD (1989), Section D1 [28]. Critical slenderness is 
defined by Equation (A2). Equations (A3) and (A4) reproduce expressions E2 -1 and E2 -2, 
respectively, from Section E2 . E and Fy  must be expressed in the same stress units.

𝐶𝑐 = √2𝜋2𝐸
𝐹𝑦

(A2)

𝜎𝑐,allow =
(1 − 𝜆2

2𝐶2
𝑐
)𝐹𝑦

5
3 + 3𝜆

8𝐶𝑐
− 𝜆3

8𝐶3
𝑐

, 𝜆 < 𝐶𝑐 (A3)

𝜎𝑐,allow =
12𝜋2𝐸
23𝜆2 , 𝜆 ≥ 𝐶𝑐 (A4)

Equation (A3) uses the negative cubic term of the AISC–ASD (1989) reference [28]. It 
is used during every evaluation of the corrected 582/942 experiments, not merely in final 
vector checking. Original positive cubic histories are retained separately for sensitivity. 
The negative expression increases the inelastic allowable stress for fixed inputs; because 
utilization guides proposals, its influence extends to subsequent search trajectories. Modern 
code diagnostics remain incomplete code checks.

The tension limit 𝜆 ≤ 300 is active in all three discrete models. In compression, 𝜆 ≤ 200 
is a separate acceptance criterion for the 582 and 942 bar models; for the 2386 bar model it 
is a recommended value rather than an independent rejection criterion. Under AISC–ASD 
(1989), Section B7, the allowable stress cannot exceed the value from Equation (A4) when 
compression slenderness exceeds 200 [28]. Equation (A5) defines the constraint function 
for a symmetric displacement limit.

𝑔(𝑙)
𝑢,𝑗 =

∣ 𝑞(𝑙)
𝑗 ∣

𝑞allow,𝑗
− 1 ≤ 0 (A5)
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Appendix A.2. Compression Capacity of the Continuous Section Towers
For the continuous towers, Equation (A6) is consistent with mean-diameter ratio 

Dm/t = 100. With outer and inner diameters Do = 101t and Di = 99t, area A = 100πt2  and 
radius of gyration r2  = (Do2  + Di2 )/16 = (10,001/8)t2  = 100.01A/(8π). Substituting this 
into the pinned Euler stress π2 Er2 /L2  gives Equation (A6). Outer-diameter ratio Do/t = 100 
would instead give coefficient 99.0101 and is not the convention consistent with the recorded 
search formula. No compression yield cap or full tube-local-buckling check is inferred from 
this elastic idealization.

𝜎𝑐,allow,𝑒 =
100.01πE𝐴𝑒

8𝐿2
𝑒

(A6)

The area bounds for these two models are 0.1 ≤ Ag ≤ 200 in2 , equivalently 0.64516 ≤
Ag ≤ 1290.32 cm2 . The local tensile limit is 40 ksi, and the displacement limit is 406.4 mm. 
All conditions are checked for three separate load cases; LC1–LC3 are not combined into a 
single total load combination.

Appendix A.3. Specific Definition of the Static 200 Bar Model
Only stress constraints and lower area bounds are specified in the source definition of 

the static 200 bar problem [7]. Checking the absolute stress of every member under three 
load cases gives 600 ratios. Counting tension and compression as separate inequalities gives 
1200 stress inequalities. Because no upper area bound is given in the literature, the local 
20 in2  cap must be treated as a separate search choice.

𝜎allow  = 10 000 psi = 68.947572932 MPa (A7)

Ag ≥ 0.1 in2  = 6.4516 × 10−5  m2 , g = 1,…,29 (A8)

𝐹(3) = 𝐹(1) + 𝐹(2), 𝜙(𝑥) =
3

∑
𝑙=1

200
∑
𝑒=1

[max(
∣ 𝜎(𝑙)

𝑒 ∣
𝜎allow

− 1, 0)]
2

(A9)

Table A1. Recorded search constraints and separate corrected capacity checks.

Model Tension/Stress Compression Slenderness Acceptance 
Criterion Displacement Limit

200 ±10,000 psi Same absolute stress limit No separate condition None

582 0.60Fy 
(gross section)

Corrected search: Equations 
(A3) and (A4), negative 

cubic term

Tension 300; 
compression 200 80 mm

942 0.60Fy 
(gross section)

Corrected search: Equations 
(A3) and (A4), negative 

cubic term

Tension 300; 
compression 200 381 mm

1938 40 ksi Equation (A6) No separate limit specified 406.4 mm

2386 0.60Fy 
(gross section)

Search: negative cubic term; 
post hoc check also applies 

B7 cap *

Tension 300; compression 200 
recommended *

80 mm primary; 
separate 50 mm search

3586 40 ksi Equation (A6) No separate limit specified 406.4 mm
Table A1 identifies constraints active during the revised primary searches. The 582/942 rows use the 
corrected expression throughout. The 2386 model retains the discrete catalog, tension slenderness 
criterion, and stated compression capacity convention; 80 and 50 mm experiments are separate. 
These axial acceptance rules do not constitute full AISC certification. * For the 2386-bar model, the 
compression slenderness limit of 200 is a recommendation rather than an enforced rejection criterion. 
The AISC–ASD (1989), Section B7 stress cap is applied in the separate post hoc capacity check, not as 
an additional constraint in the recorded search.
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Compression capacity in the 1938- and 3586 bar models depends on member length 
and area. The absence of a separately specified slenderness limit does not imply the absence 
of a buckling check. Similarly, the reported Umax for the 200 bar model, which has no 
displacement limit, is not converted into a new acceptance criterion.

Appendix B. Design Groups and Section Vectors
The following tables report the group assignments generated from the stored local 

models and the LATSS section vectors obtained in this study. Each vector is identified by 
its model and seed. The detailed 200-member area vector is the JA-assisted seed-22 design 
and is kept separate from the uniformly initialized series. Published benchmark definitions 
remain attributed in the text; full third-party section tables and graph-digitized approximate 
areas are omitted.

Appendix B.1. 200 Bar Truss

Table A2. Local 200-member model group assignments generated from stored member identifiers 
and group data; n is the member count. Problem definition context: [7,46].

Group n Stored Member IDs Group n Stored Member IDs

G1 4 E1–E4 G16 16
E82–E83, E85–E86, E88–E89, 

E91–E92, E103–E104, E106–E107, 
E109–E110, E112–E113

G2 5 E5, E8, E11, E14, E17 G17 4 E115–E118
G3 6 E19–E24 G18 5 E119, E122, E125, E128, E131

G4 10 E18, E25, E56, E63, E94, E101, 
E132, E139, E170, E177 G19 6 E133–E138

G5 5 E26, E29, E32, E35, E38 G20 5 E140, E143, E146, E149, E152

G6 16
E6–E7, E9–E10, E12–E13, 

E15–E16, E27–E28, E30–E31, 
E33–E34, E36–E37

G21 16

E120–E121, E123–E124, 
E126–E127, E129–E130, 
E141–E142, E144–E145, 
E147–E148, E150–E151

G7 4 E39–E42 G22 4 E153–E156
G8 5 E43, E46, E49, E52, E55 G23 5 E157, E160, E163, E166, E169
G9 6 E57–E62 G24 6 E171–E176
G10 5 E64, E67, E70, E73, E76 G25 5 E178, E181, E184, E187, E190

G11 16
E44–E45, E47–E48, E50–E51, 
E53–E54, E65–E66, E68–E69, 

E71–E72, E74–E75
G26 16

E158–E159, E161–E162, 
E164–E165, E167–E168, 
E179–E180, E182–E183, 
E185–E186, E188–E189

G12 4 E77–E80 G27 4 E191–E194
G13 5 E81, E84, E87, E90, E93 G28 4 E195, E197–E198, E200
G14 6 E95–E100 G29 2 E196, E199
G15 5 E102, E105, E108, E111, E114
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Table A3. Group sections of the source-assisted LATSS design for the 200-member model (seed 22); 
member counts are derived from the stored model mapping.

Group Members in Group Area (in2 )

1 4 0.147258000
2 5 0.940434000
3 6 0.100000000
4 10 0.100098000
5 5 1.940240643
6 16 0.296783000
7 4 0.100000000
8 5 3.106749000
9 6 0.100095000
10 5 4.108109000
11 16 0.403975000
12 4 0.193079000
13 5 5.434236000
14 6 0.100095000
15 5 6.434203000
16 16 0.575306000
17 4 0.135485000
18 5 7.980200000
19 6 0.100000000
20 5 8.980345000
21 16 0.709002000
22 4 0.437247000
23 5 10.888173348
24 6 0.100150000
25 5 11.891410000
26 16 1.049144000
27 4 6.610648000
28 4 10.779130000
29 2 13.878300000

Source: Section values are results of this study (source-assisted LATSS seed 22). The initialization 
vector is attributed to [7]; method-level literature comparisons are compiled separately in Appendix D. 
Full copied literature section columns are not reproduced. The area column gives the JA-assisted 
LATSS design obtained with seed 22 using 50,000 NFE; its mass is 11,549.599237 kg. This vector is 
separate from the best vector of the main uniformly initialized thirty-run series. Areas are retained to 
nine decimal places.

Appendix B.2. 582 Bar Tower

Table A4. Local 582-member model group assignments generated from stored member identifiers 
and group data; n is the member count. Problem definition context: [11].

Group n Stored Member IDs Group n Stored Member IDs

G1 30 1–30 G17 12 361–372
G2 20 31–50 G18 24 373–396
G3 40 51–90 G19 12 397–408
G4 20 91–110 G20 12 409–420
G5 40 111–150 G21 24 421–444
G6 20 151–170 G22 12 445–456
G7 20 171–190 G23 12 457–468
G8 40 191–230 G24 24 469–492
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Table A4. Cont.

Group n Stored Member IDs Group n Stored Member IDs

G9 20 231–250 G25 12 493–504
G10 10 251–260 G26 12 505–516
G11 20 261–280 G27 24 517–540
G12 10 281–290 G28 12 541–552
G13 16 291–306 G29 6 553–558
G14 18 307–324 G30 12 559–570
G15 12 325–336 G31 6 571–576
G16 24 337–360 G32 6 577–582

Table A5. Group sections of the corrected expression LATSS design for the 582-member model 
(seed 3); member counts are derived from the stored model mapping.

Group Members in Group LATSS W Profile

A1 30 W8X21
A2 20 W18X65
A3 40 W8X28
A4 20 W24X62
A5 40 W8X24
A6 20 W8X21
A7 20 W16X40
A8 40 W8X24
A9 20 W8X21

A10 10 W14X38
A11 20 W8X24
A12 10 W21X83
A13 16 W24X76
A14 18 W12X50
A15 12 W18X71
A16 24 W8X31
A17 12 W10X54
A18 24 W8X24
A19 12 W8X21
A20 12 W18X35
A21 24 W8X24
A22 12 W8X21
A23 12 W8X21
A24 24 W8X24
A25 12 W8X21
A26 12 W8X21
A27 24 W8X24
A28 12 W8X21
A29 6 W8X21
A30 12 W8X24
A31 6 W8X21
A32 6 W8X24

Source: Corrected expression LATSS seed 3 from this study. Member counts use the frozen local 
group assignments. Published method-level results are summarized separately in Appendix D with 
data attribution. All 32 entries belong to the corrected expression seed-3 design selected from thirty 
independent uniform starts.
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Appendix B.3. 942 Bar Tower

Table A6. Local 942-member model group assignments generated from stored member identifiers 
and group data; n is the member count. Problem definition context: [11].

Group n Stored Member IDs Group n Stored Member IDs

G1 2 1–2 G31 8 300–303, 322–323, 666, 674

G2 8 3–10 G32 32

895, 897–898, 900–901, 903–904, 
906–907, 909–910, 912–913, 
915–916, 918–919, 921–922, 
924–925, 927–928, 930–931, 

933–934, 936–937, 939–940, 942

G3 8 274–277, 284–285, 289–290 G33 16 333–334, 663–665, 667–673, 
675–678

G4 16 583–598 G34 16
896, 899, 902, 905, 908, 911, 914, 
917, 920, 923, 926, 929, 932, 935, 

938, 941
G5 12 224–235 G35 24 108–115, 120–127, 132–139
G6 12 271–273, 278–283, 286–288 G36 12 104–107, 116–119, 128–131

G7 24 559–582 G37 12 297–299, 304–306, 319–321, 
330–332

G8 4 220–223 G38 48

823, 825–826, 828–829, 831–832, 
834–835, 837–838, 840–841, 
843–844, 846–847, 849–850, 
852–853, 855–856, 858–859, 
861–862, 864–865, 867–868, 
870–871, 873–874, 876–877, 
879–880, 882–883, 885–886, 

888–889, 891–892, 894
G9 8 345, 347–348, 350–351, 353–355 G39 24 639–662

G10 4 344, 346, 349, 352 G40 24

824, 827, 830, 833, 836, 839, 842, 
845, 848, 851, 854, 857, 860, 863, 
866, 869, 872, 875, 878, 881, 884, 

887, 890, 893
G11 8 356–363 G41 24 72–79, 84–91, 96–103
G12 16 204–219 G42 12 68–71, 80–83, 92–95

G13 8 511–512, 515, 517, 535–536, 539, 
541 G43 12 294–296, 307–309, 316–318, 

327–329

G14 32 519–534, 543–558 G44 48

751, 753–754, 756–757, 759–760, 
762–763, 765–766, 768–769, 
771–772, 774–775, 777–778, 
780–781, 783–784, 786–787, 
789–790, 792–793, 795–796, 
798–799, 801–802, 804–805, 
807–808, 810–811, 813–814, 

816–817, 819–820, 822

G15 8 513–514, 516, 518, 537–538, 540, 
542 G45 24 615–638
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Table A6. Cont.

Group n Stored Member IDs Group n Stored Member IDs

G16 16 188–203 G46 24

752, 755, 758, 761, 764, 767, 770, 
773, 776, 779, 782, 785, 788, 791, 
794, 797, 800, 803, 806, 809, 812, 

815, 818, 821

G17 8 463–464, 467, 469, 487–488, 491, 
493 G47 24 36–43, 48–55, 60–67

G18 32 471–486, 495–510 G48 12 32–35, 44–47, 56–59

G19 8 465–466, 468, 470, 489–490, 492, 
494 G49 12 291–293, 310–315, 324–326

G20 24 164–187 G50 48

679, 681–682, 684–685, 687–688, 
690–691, 693–694, 696–697, 
699–700, 702–703, 705–706, 
708–709, 711–712, 714–715, 
717–718, 720–721, 723–724, 
726–727, 729–730, 732–733, 
735–736, 738–739, 741–742, 

744–745, 747–748, 750

G21 12 335, 392, 395, 397, 415–416, 419, 
421, 439–440, 443, 445 G51 24 336–343, 599–614

G22 48 399–414, 423–438, 447–462 G52 24

680, 683, 686, 689, 692, 695, 698, 
701, 704, 707, 710, 713, 716, 719, 
722, 725, 728, 731, 734, 737, 740, 

743, 746, 749

G23 12 393–394, 396, 398, 417–418, 420, 
422, 441–442, 444, 446 G53 8 24–31

G24 8 12–19 G54 4 20–23
G25 4 364–367 G55 4 236, 241, 252, 265

G26 8 371–372, 374–375, 384–385, 
390–391 G56 8 244–246, 253, 256, 259–260, 269

G27 8 368–369, 377–378, 381–382, 
387–388 G57 8 237, 240, 248, 251, 257, 263, 266, 

270

G28 8 370, 373, 376, 379–380, 383, 386, 
389 G58 8 239, 242, 247, 250, 254, 258, 

261–262

G29 16 144–151, 156–163 G59 8 11, 238, 243, 249, 255, 264, 
267–268

G30 8 140–143, 152–155

Table A7. Group sections of the corrected expression LATSS design for the 942-member model 
(seed 17); member counts are derived from the stored model mapping.

Group Members in Group LATSS W Profile

A1 2 W6X8.5
A2 8 W6X8.5
A3 8 W6X8.5
A4 16 W8X18
A5 12 W6X8.5
A6 12 W6X20
A7 24 W8X18
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Table A7. Cont.

Group Members in Group LATSS W Profile

A8 4 W6X8.5
A9 8 W5X16

A10 4 W10X22
A11 8 W8X24
A12 16 W6X20
A13 8 W6X20
A14 32 W8X28
A15 8 W6X8.5
A16 16 W6X8.5
A17 8 W8X28
A18 32 W8X18
A19 8 W6X20
A20 24 W6X12
A21 12 W14X38
A22 48 W6X20
A23 12 W8X24
A24 8 W8X31
A25 4 W10X60
A26 8 W16X45
A27 8 W6X25
A28 8 W8X24
A29 16 W8X24
A30 8 W6X20
A31 8 W12X65
A32 32 W6X20
A33 16 W8X18
A34 16 W8X18
A35 24 W6X8.5
A36 12 W6X8.5
A37 12 W12X96
A38 48 W6X20
A39 24 W8X18
A40 24 W8X18
A41 24 W6X8.5
A42 12 W6X8.5
A43 12 W36X135
A44 48 W8X24
A45 24 W8X18
A46 24 W6X20
A47 24 W6X12
A48 12 W10X17
A49 12 W18X143
A50 48 W8X31
A51 24 W8X24
A52 24 W8X28
A53 8 W12X65
A54 4 W21X62
A55 4 W27X146
A56 8 W18X65
A57 8 W14X74
A58 8 W6X20
A59 8 W10X60

Source: Corrected expression LATSS seed 17 from this study. The group assignments are those 
stored in the actual local model. All 59 entries belong to the corrected expression seed-17 design. 
Source-model section vectors are not substituted for the local member-to-group mapping.
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Appendix B.4. 1938 and 3586 Bar Towers

Figure A1. Published member-group details for the 1938- and 3586 bar reference towers. Panels 
(a–g) cover the upper tower; panels (h,i) show the additional lower transition and segment. Adapted 
from Degertekin et al. [10], Appendix A, Figure A1, under CC BY 4.0 (https://creativecommons.org/
licenses/by/4.0/). Redrawn from the source schematic for improved legibility. Colors distinguish 
member groups within each panel, with group numbers identified in the panel-specific keys. Colors do 
not represent stress or displacement values.The local computational group assignments are reported 
separately in this appendix.

Table A8. Group areas of the selected local 1938-member LATSS design (seed 28); all areas are in in2 .

Group LATSS Area (in2 ) Group LATSS Area (in2 )

1 0.227091 103 4.413755
2 3.591910 104 2.006771
3 0.100000 105 1.222459
4 0.374870 106 13.589633
5 1.825409 107 2.382140
6 0.528253 108 3.728417
7 0.100000 109 17.839612
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Table A8. Cont.

Group LATSS Area (in2 ) Group LATSS Area (in2 )

8 4.823798 110 2.447433
9 0.113476 111 0.437201

10 0.100000 112 13.140235
11 0.261102 113 0.856151
12 22.054819 114 4.761522
13 10.148273 115 3.083946
14 0.100000 116 8.879183
15 29.720997 117 7.531684
16 5.823684 118 15.824531
17 2.535114 119 0.834929
18 0.100000 120 6.255625
19 4.025346 121 4.938409
20 19.295650 122 27.742094
21 0.128605 123 10.385573
22 0.100000 124 49.361829
23 0.100000 125 1.064181
24 25.461715 126 3.387453
25 0.126395 127 14.357114
26 0.100000 128 5.491194
27 14.100577 129 4.532515
28 0.697200 130 40.111522
29 7.316006 131 0.339416
30 0.100000 132 14.229759
31 6.578322 133 2.964170
32 4.492133 134 29.605243
33 1.301172 135 19.213191
34 0.100000 136 22.234655
35 13.513257 137 4.031002
36 0.341558 138 19.124513
37 34.842849 139 31.831839
38 0.100000 140 0.543583
39 12.812484 141 7.351617
40 8.467584 142 18.541462
41 0.316773 143 7.415062
42 0.100000 144 17.837449
43 0.508523 145 22.214009
44 42.044975 146 18.422544
45 0.161796 147 4.217462
46 0.100000 148 0.568307
47 13.098761 149 38.937553
48 2.827453 150 0.927554
49 14.756200 151 0.100000
50 0.100000 152 19.786743
51 7.609508 153 0.757560
52 9.651446 154 0.100000
53 1.082030 155 41.725239
54 0.100000 156 2.214101
55 0.904078 157 0.100000
56 47.891173 158 26.882482
57 0.196134 159 1.609434
58 0.100000 160 2.682866
59 2.980650 161 17.946258
60 33.948176 162 3.416243
61 1.909205 163 0.100000
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Table A8. Cont.

Group LATSS Area (in2 ) Group LATSS Area (in2 )

62 0.100000 164 30.665070
63 1.801226 165 0.374737
64 19.932896 166 0.254111
65 1.482477 167 15.570286
66 0.100000 168 1.191853
67 4.523043 169 5.253779
68 15.625690 170 15.764942
69 4.063133 171 5.102350
70 0.100000 172 11.259544
71 54.702893 173 38.688143
72 140.421149 174 2.169777
73 9.804948 175 11.120696
74 0.100000 176 6.613219
75 14.641283 177 15.194611
76 26.016200 178 5.782909
77 1.865339 179 37.328765
78 0.100000 180 5.452076
79 1.770694 181 1.452737
80 36.404808 182 7.952283
81 1.744144 183 8.092851
82 0.100000 184 8.310095
83 20.289403 185 15.194935
84 24.558515 186 2.366330
85 8.161036 187 13.589903
86 0.100000 188 12.063788
87 10.327796 189 4.816770
88 45.653407 190 0.968608
89 2.664807 191 29.856179
90 0.100000 192 1.263999
91 0.100000 193 3.175515
92 28.799448 194 26.661417
93 1.651862 195 2.971522
94 0.100000 196 4.855860
95 0.100000 197 37.587710
96 33.776240 198 5.337200
97 1.037201 199 3.551792
98 13.282845 200 31.595214
99 4.602177 201 1.590429
100 29.459692 202 18.998297
101 3.469833 203 7.307353
102 0.218529 204 19.857767

Source: LATSS seed 28 from this study. These values define the local 1938-member upper-tower 
adaptation and are not claimed as a reproduction of a published 1938-member section vector. LATSS 
areas correspond to the seed-28 design of the local upper-tower adaptation. The group IDs and 
numerical areas refer to that same stored local design vector.

Table A9. Group areas of the selected local 3586-member LATSS design (seed 16); all areas are in in2 .

Group LATSS Area (in2 ) Group LATSS Area (in2 ) Group LATSS Area (in2 )

1 4.385207 95 0.498222 189 10.438609
2 61.742288 96 60.599826 190 22.375566
3 0.139381 97 3.016971 191 23.826557
4 0.133169 98 18.196183 192 6.719159
5 2.072765 99 34.974032 193 0.100000
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Table A9. Cont.

Group LATSS Area (in2 ) Group LATSS Area (in2 ) Group LATSS Area (in2 )

6 0.100000 100 21.843109 194 44.473758
7 13.580687 101 21.274210 195 3.164817
8 12.990708 102 8.238637 196 4.212827
9 6.027183 103 26.434121 197 40.178044

10 0.100000 104 8.813139 198 2.198609
11 0.349531 105 0.714570 199 3.099626
12 20.508444 106 31.983263 200 40.222870
13 0.105207 107 2.962208 201 5.587525
14 0.100000 108 0.813131 202 8.435946
15 1.622146 109 27.276928 203 72.056209
16 14.068373 110 7.013239 204 2.399615
17 21.279236 111 24.754311 205 79.155158
18 0.100000 112 7.347902 206 43.618888
19 1.782756 113 10.609616 207 26.508940
20 26.709234 114 22.502227 208 3.510973
21 0.116634 115 29.994490 209 7.164927
22 0.100000 116 2.305026 210 22.384388
23 0.818536 117 0.100000 211 18.232818
24 8.388263 118 42.314898 212 26.936604
25 3.767669 119 3.521162 213 15.002785
26 0.100000 120 18.557476 214 3.971971
27 1.944396 121 12.213937 215 5.276420
28 28.785938 122 35.186137 216 51.481889
29 0.533672 123 29.103566 217 3.075075
30 0.100000 124 25.577486 218 9.597808
31 12.655981 125 16.216284 219 18.633661
32 12.523448 126 25.804162 220 8.401109
33 12.855119 127 45.818187 221 24.341140
34 0.100000 128 1.976087 222 16.838800
35 0.100000 129 35.362888 223 7.047761
36 50.055253 130 4.072396 224 33.963405
37 8.558151 131 16.863964 225 8.046911
38 0.100000 132 11.033870 226 19.293482
39 10.119889 133 57.342008 227 7.499689
40 43.216426 134 3.512542 228 24.087969
41 0.152146 135 0.100000 229 1.983590
42 0.428221 136 21.695417 230 2.744486
43 0.227973 137 4.736096 231 21.913367
44 33.703833 138 15.330229 232 6.519380
45 0.301316 139 20.288543 233 14.617398
46 0.100000 140 57.983400 234 23.904624
47 0.100000 141 23.841400 235 12.379836
48 28.631395 142 24.551594 236 1.339330
49 0.183646 143 34.561746 237 63.482906
50 0.100000 144 32.965293 238 6.191612
51 2.251785 145 17.018050 239 0.616568
52 75.559543 146 48.967329 240 27.714920
53 13.117874 147 1.016497 241 2.165400
54 0.100000 148 0.100000 242 7.402543
55 14.222407 149 32.873060 243 72.879422
56 106.293939 150 2.076886 244 0.778154
57 0.201877 151 0.272768 245 2.102348
58 0.100000 152 40.041127 246 36.913697
59 0.307238 153 1.412561 247 3.765354
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Table A9. Cont.

Group LATSS Area (in2 ) Group LATSS Area (in2 ) Group LATSS Area (in2 )

60 29.270637 154 3.257724 248 7.190054
61 1.585254 155 38.727682 249 13.173671
62 0.100000 156 2.883471 250 7.852860
63 2.173384 157 13.054573 251 18.798073
64 51.394784 158 33.320106 252 38.361021
65 14.767446 159 1.719911 253 2.585012
66 0.100000 160 1.832708 254 5.044434
67 0.100000 161 26.615615 255 27.835567
68 70.163764 162 3.035392 256 2.674054
69 12.431144 163 0.100000 257 0.100000
70 0.100000 164 54.952864 258 46.425482
71 10.717909 165 0.800844 259 10.916807
72 73.659193 166 6.908972 260 8.961665
73 16.091496 167 55.507260 261 10.554486
74 0.100000 168 8.701516 262 21.147123
75 0.100000 169 9.437251 263 11.799926
76 37.426812 170 37.259182 264 22.331890
77 0.990975 171 9.370890 265 2.983874
78 0.100000 172 6.353068 266 11.982338
79 16.859990 173 58.555497 267 18.945136
80 23.378320 174 1.168263 268 13.064738
81 54.717871 175 52.483107 269 6.486802
82 0.100000 176 23.732563 270 33.048244
83 12.620037 177 31.875207 271 3.217462
84 92.539038 178 8.933121 272 8.302997
85 2.223031 179 20.706284 273 26.440231
86 0.100000 180 11.549365 274 22.176428
87 0.100000 181 3.628593 275 5.838964
88 56.352690 182 70.015645 276 42.229707
89 2.737464 183 0.795856 277 6.000703
90 0.100000 184 6.447857 278 9.079613
91 0.546763 185 16.897590 279 12.458022
92 88.879091 186 43.189039 280 26.174114
93 2.880881 187 19.223655
94 0.100000 188 14.503923

Source: LATSS seed 16 from this study. The numerical areas are taken from the recorded local design 
vector; approximate readings from published graphics have been omitted. LATSS areas correspond 
to the seed-16 design from this study. Read each block of columns from top to bottom; the blocks 
contain consecutive group IDs from the same design vector.

Appendix B.5. 2386 Bar Tower

Table A10. The 220 W profiles of the local 2386-member LATSS design (seed 12); n is the number of 
members assigned to the group.

Group n LATSS Profile Group n LATSS Profile Group n LATSS Profile

G1 36 W36X652 G75 24 W21X93 G149 4 W8X21
G2 12 W14X550 G76 24 W21X44 G150 4 W8X21
G3 12 W36X723 G77 24 W16X77 G151 4 W8X21
G4 12 W40X655 G78 24 W16X50 G152 4 W8X21
G5 12 W14X500 G79 24 W14X159 G153 4 W8X21
G6 12 W40X593 G80 24 W36X135 G154 4 W8X21
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Table A10. Cont.

Group n LATSS Profile Group n LATSS Profile Group n LATSS Profile

G7 12 W14X455 G81 24 W18X50 G155 4 W8X21
G8 12 W18X258 G82 24 W27X129 G156 4 W16X31
G9 12 W36X723 G83 24 W21X62 G157 8 W12X336

G10 12 W36X529 G84 24 W14X90 G158 8 W33X241
G11 12 W36X723 G85 24 W21X122 G159 8 W14X26
G12 12 W14X550 G86 24 W10X33 G160 8 W14X34
G13 12 W14X426 G87 24 W16X36 G161 8 W8X21
G14 12 W40X431 G88 24 W14X26 G162 8 W8X21
G15 12 W27X235 G89 24 W16X31 G163 8 W8X21
G16 12 W18X211 G90 24 W16X36 G164 8 W8X21
G17 12 W36X487 G91 24 W8X21 G165 8 W8X21
G18 12 W33X318 G92 24 W8X21 G166 8 W8X21
G19 12 W18X158 G93 4 W8X21 G167 8 W8X21
G20 12 W21X275 G94 4 W36X135 G168 8 W8X21
G21 12 W14X159 G95 4 W30X90 G169 8 W10X33
G22 12 W27X235 G96 4 W12X72 G170 8 W8X21
G23 12 W21X93 G97 4 W18X65 G171 8 W8X24
G24 12 W36X135 G98 4 W21X44 G172 8 W8X21
G25 12 W36X182 G99 4 W10X49 G173 8 W8X21
G26 12 W12X87 G100 4 W16X67 G174 8 W8X21
G27 12 W14X53 G101 4 W10X33 G175 8 W8X21
G28 12 W10X60 G102 4 W21X50 G176 8 W8X21
G29 12 W8X21 G103 4 W21X44 G177 8 W8X24
G30 12 W12X22 G104 4 W12X30 G178 8 W8X21
G31 12 W8X21 G105 4 W8X21 G179 8 W8X21
G32 12 W36X247 G106 4 W21X73 G180 8 W8X21
G33 12 W36X135 G107 4 W8X21 G181 8 W8X21
G34 12 W33X141 G108 4 W8X24 G182 8 W8X21
G35 12 W10X39 G109 4 W8X21 G183 8 W8X21
G36 12 W33X141 G110 4 W8X21 G184 8 W8X21
G37 12 W14X38 G111 4 W8X21 G185 8 W8X21
G38 12 W8X35 G112 4 W8X21 G186 8 W8X21
G39 12 W27X102 G113 4 W8X21 G187 8 W8X21
G40 12 W8X24 G114 4 W8X21 G188 8 W8X21
G41 12 W12X30 G115 4 W8X21 G189 12 W12X279
G42 12 W27X94 G116 4 W8X21 G190 12 W10X68
G43 12 W16X67 G117 4 W8X21 G191 12 W8X21
G44 12 W21X73 G118 4 W8X21 G192 12 W8X21
G45 12 W18X76 G119 4 W8X21 G193 12 W8X21
G46 12 W21X57 G120 4 W8X21 G194 12 W8X21
G47 12 W18X71 G121 4 W8X21 G195 12 W8X21
G48 12 W8X21 G122 4 W8X21 G196 12 W8X21
G49 12 W8X28 G123 4 W8X21 G197 12 W8X21
G50 12 W24X55 G124 4 W8X21 G198 12 W8X21
G51 12 W21X44 G125 4 W8X21 G199 12 W8X21
G52 12 W24X84 G126 4 W12X58 G200 12 W8X21
G53 12 W8X21 G127 4 W8X21 G201 12 W8X21
G54 12 W8X21 G128 4 W12X22 G202 12 W8X21
G55 12 W8X21 G129 4 W8X21 G203 12 W8X21
G56 12 W8X21 G130 4 W8X21 G204 12 W8X21
G57 12 W8X21 G131 4 W8X21 G205 24 W8X21
G58 12 W8X21 G132 4 W8X21 G206 12 W8X21
G59 12 W8X21 G133 4 W8X21 G207 12 W8X21
G60 12 W12X30 G134 4 W8X21 G208 12 W8X21
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Table A10. Cont.

Group n LATSS Profile Group n LATSS Profile Group n LATSS Profile

G61 12 W8X21 G135 4 W8X21 G209 12 W8X21
G62 12 W21X44 G136 4 W8X21 G210 12 W8X21
G63 24 W40X362 G137 4 W8X21 G211 12 W8X21
G64 24 W36X135 G138 4 W8X21 G212 12 W8X21
G65 24 W16X40 G139 4 W8X21 G213 12 W8X21
G66 24 W33X221 G140 4 W8X21 G214 12 W8X21
G67 24 W14X90 G141 4 W8X21 G215 12 W8X21
G68 24 W18X65 G142 4 W8X21 G216 12 W8X21
G69 24 W33X141 G143 4 W8X21 G217 12 W8X21
G70 24 W27X84 G144 4 W8X21 G218 12 W14X38
G71 24 W18X86 G145 4 W8X21 G219 12 W12X30
G72 24 W40X149 G146 4 W8X21 G220 2 W24X62
G73 24 W40X167 G147 4 W8X21
G74 24 W14X82 G148 4 W8X21

Source: LATSS seed 12 from this study. Group counts are calculated from the frozen local member-to-
group mapping. Published ECBO and VPS results are cited at method level in Appendix D; their full 
section vectors are not reproduced. The local model uses the discrete catalog and 80 mm displacement 
limit described in Section 2.5. Catalog, grouping, and constraint differences must be considered before 
comparing these sections with another model. Read each block of columns from top to bottom.

Appendix C. Nodal Loads Used in This Study
The force vector in Table A11 is applied separately to every node in the stated set. 

External forces at unlisted nodes are zero. Ranges include both endpoints and all intervening 
integers. Node numbers are the node_names identifiers in the frozen model; the N prefix is 
omitted for the 200- and 582 bar models. No external loads are assigned to support nodes 
470–481 in the 1938 bar model. Loads on the retained free nodes of the 3586 bar tower were 
transferred unchanged to the upper-tower model.

The vertical direction is Y for the 200 bar model and Z for the towers. LC1–LC3 
are separate cases for the two large towers. The 1938 bar upper tower retains loads 
on free nodes and has a translation-restrained cut-plane base. The horizontal nodal 
magnitudes agree with [34] but are one tenth of the corresponding values in the the-
sis [35]. These source-specific loading statements do not remove the upper-tower topology 
and support adaptation.

Table A11. Node sets and loads per node (kN/node).

Model Case Node Numbers Count Fx Fy Fz

200 LC1 1, 6, 15, 20, 29, 34, 43, 48, 57, 
62, 71 11 4.448222 0 0

200 LC2
1–6, 8, 10, 12, 14–20, 22, 24, 26, 

28–34, 36, 38, 40, 42–48, 50, 
52, 54, 56–62, 64, 66, 68, 70–75

55 0 −44.482216 0

200 LC3 1, 6, 15, 20, 29, 34, 43, 48, 57, 
62, 71 11 4.448222 −44.482216 0

200 LC3

2–5, 8, 10, 12, 14, 16–19, 22, 
24, 26, 28, 30–33, 36, 38, 40, 

42, 44–47, 50, 52, 54, 56, 58–61, 
64, 66, 68, 70, 72–75

44 0 −44.482216 0
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Table A11. Cont.

Model Case Node Numbers Count Fx Fy Fz

582 LC1 11–153 143 5 5 −30

942 LC1 1, 2, 5, 8, 9, 12, 13, 16, 17, 20, 
21, 24 12 4.448222 4.448222 −13.344666

942 LC1 3, 4, 6, 7, 10, 11, 14, 15, 18, 19, 
22, 23 12 6.672333 4.448222 −13.344666

942 LC1 25, 29, 33, 37, 41, 45, 49, 53, 
57, 61, 65, 69, 73, 77, 81, 85 16 0 4.448222 −26.689332

942 LC1 26–28, 34–36, 42–44, 50–52, 
58–60, 66–68, 74–76, 82–84 24 4.448222 4.448222 −26.689332

942 LC1 30–32, 38–40, 46–48, 54–56, 
62–64, 70–72, 78–80, 86–88 24 6.672333 4.448222 −26.689332

942 LC1

89, 94–96, 99–101, 106–108, 
111–113, 118–120, 123–125, 
130–132, 135–137, 142–144, 
147–149, 154–156, 159–161, 
166–168, 171–173, 178–180, 
183–185, 190–192, 195–197, 
202–204, 207–209, 214–216, 
219–221, 226–228, 231, 232

72 4.448222 4.448222 −40.033998

942 LC1

90–93, 97, 98, 102–105, 109, 
110, 114–117, 121, 122, 

126–129, 133, 134, 138–141, 
145, 146, 150–153, 157, 158, 
162–165, 169, 170, 174–177, 
181, 182, 186–189, 193, 194, 
198–201, 205, 206, 210–213, 
217, 218, 222–225, 229, 230

72 6.672333 4.448222 −40.033998

1938 LC1 1–61 61 0 0 −13.5
1938 LC1 62–101 40 0 0 −27
1938 LC1 102–229 128 0 0 −40.5
1938 LC1 230–469 240 0 0 −54

1938 LC2

2, 5, 6, 9, 10, 13, 14, 17, 18, 21, 
22, 25, 26, 29, 30, 33, 34, 37, 
38, 41, 42, 45, 46, 49, 50, 53, 
54, 57, 58, 61, 62, 65, 66, 69, 

70, 73, 74, 77, 78, 81, 82, 85, 86, 
89, 90, 93, 94, 97, 98, 101, 108, 
116, 124, 132, 140, 148, 156, 
164, 172, 180, 188, 196, 204, 
212, 220, 228, 239, 251, 263, 
275, 287, 299, 311, 323, 335, 
347, 359, 371, 383, 395, 407, 

419, 431, 443, 455, 467

86 0.6672 0 0
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Table A11. Cont.

Model Case Node Numbers Count Fx Fy Fz

1938 LC2

3, 4, 7, 8, 11, 12, 15, 16, 19, 20, 
23, 24, 27, 28, 31, 32, 35, 36, 
39, 40, 43, 44, 47, 48, 51, 52, 
55, 56, 59, 60, 63, 64, 67, 68, 

71, 72, 75, 76, 79, 80, 83, 84, 87, 
88, 91, 92, 95, 96, 99, 100, 104, 
112, 120, 128, 136, 144, 152, 
160, 168, 176, 184, 192, 200, 
208, 216, 224, 233, 245, 257, 
269, 281, 293, 305, 317, 329, 
341, 353, 365, 377, 389, 401, 

413, 425, 437, 449, 461

86 −0.4448 0 0

1938 LC3

2, 3, 6, 7, 10, 11, 14, 15, 18, 19, 
22, 23, 26, 27, 30, 31, 34, 35, 
38, 39, 42, 43, 46, 47, 50, 51, 
54, 55, 58, 59, 62, 63, 66, 67, 

70, 71, 74, 75, 78, 79, 82, 83, 86, 
87, 90, 91, 94, 95, 98, 99, 102, 
110, 118, 126, 134, 142, 150, 
158, 166, 174, 182, 190, 198, 
206, 214, 222, 230, 242, 254, 
266, 278, 290, 302, 314, 326, 
338, 350, 362, 374, 386, 398, 

410, 422, 434, 446, 458

86 0 −0.4448 0

1938 LC3

4, 5, 8, 9, 12, 13, 16, 17, 20, 21, 
24, 25, 28, 29, 32, 33, 36, 37, 

40, 41, 44, 45, 48, 49, 52, 53, 56, 
57, 60, 61, 64, 65, 68, 69, 72, 

73, 76, 77, 80, 81, 84, 85, 88, 89, 
92, 93, 96, 97, 100, 101, 106, 
114, 122, 130, 138, 146, 154, 
162, 170, 178, 186, 194, 202, 
210, 218, 226, 236, 248, 260, 
272, 284, 296, 308, 320, 332, 
344, 356, 368, 380, 392, 404, 

416, 428, 440, 452, 464

86 0 0.4448 0

2386 LC1 1–496, 501–504 500 5 5 −30
3586 LC1 1–61 61 0 0 −13.5
3586 LC1 62–101 40 0 0 −27
3586 LC1 102–229 128 0 0 −40.5
3586 LC1 230–481 252 0 0 −54
3586 LC1 482–881 400 0 0 −67.5
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Table A11. Cont.

Model Case Node Numbers Count Fx Fy Fz

3586 LC2

2, 5, 6, 9, 10, 13, 14, 17, 18, 21, 
22, 25, 26, 29, 30, 33, 34, 37, 38, 
41, 42, 45, 46, 49, 50, 53, 54, 57, 

58, 61, 62, 65, 66, 69, 70, 73, 
74, 77, 78, 81, 82, 85, 86, 89, 90, 

93, 94, 97, 98, 101, 108, 116, 
124, 132, 140, 148, 156, 164, 
172, 180, 188, 196, 204, 212, 
220, 228, 239, 251, 263, 275, 
287, 299, 311, 323, 335, 347, 
359, 371, 383, 395, 407, 419, 
431, 443, 455, 467, 479, 494, 
510, 526, 542, 558, 574, 590, 
606, 622, 638, 654, 670, 686, 
702, 718, 734, 750, 766, 782, 
798, 814, 830, 846, 862, 878

112 0.6672 0 0

3586 LC2

3, 4, 7, 8, 11, 12, 15, 16, 19, 20, 
23, 24, 27, 28, 31, 32, 35, 36, 39, 
40, 43, 44, 47, 48, 51, 52, 55, 56, 

59, 60, 63, 64, 67, 68, 71, 72, 
75, 76, 79, 80, 83, 84, 87, 88, 91, 

92, 95, 96, 99, 100, 104, 112, 
120, 128, 136, 144, 152, 160, 
168, 176, 184, 192, 200, 208, 
216, 224, 233, 245, 257, 269, 
281, 293, 305, 317, 329, 341, 
353, 365, 377, 389, 401, 413, 
425, 437, 449, 461, 473, 486, 
502, 518, 534, 550, 566, 582, 
598, 614, 630, 646, 662, 678, 
694, 710, 726, 742, 758, 774, 
790, 806, 822, 838, 854, 870

112 −0.4448 0 0

3586 LC3

2, 3, 6, 7, 10, 11, 14, 15, 18, 19, 
22, 23, 26, 27, 30, 31, 34, 35, 38, 

39, 42, 43, 46, 47, 50, 51, 54, 
55, 58, 59, 62, 63, 66, 67, 70, 

71, 74, 75, 78, 79, 82, 83, 86, 87, 
90, 91, 94, 95, 98, 99, 102, 110, 
118, 126, 134, 142, 150, 158, 
166, 174, 182, 190, 198, 206, 
214, 222, 230, 242, 254, 266, 
278, 290, 302, 314, 326, 338, 
350, 362, 374, 386, 398, 410, 
422, 434, 446, 458, 470, 482, 
498, 514, 530, 546, 562, 578, 
594, 610, 626, 642, 658, 674, 
690, 706, 722, 738, 754, 770, 
786, 802, 818, 834, 850, 866

112 0 −0.4448 0
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Table A11. Cont.

Model Case Node Numbers Count Fx Fy Fz

3586 LC3

4, 5, 8, 9, 12, 13, 16, 17, 20, 21, 
24, 25, 28, 29, 32, 33, 36, 37, 40, 
41, 44, 45, 48, 49, 52, 53, 56, 57, 

60, 61, 64, 65, 68, 69, 72, 73, 
76, 77, 80, 81, 84, 85, 88, 89, 92, 
93, 96, 97, 100, 101, 106, 114, 
122, 130, 138, 146, 154, 162, 
170, 178, 186, 194, 202, 210, 
218, 226, 236, 248, 260, 272, 
284, 296, 308, 320, 332, 344, 
356, 368, 380, 392, 404, 416, 
428, 440, 452, 464, 476, 490, 
506, 522, 538, 554, 570, 586, 
602, 618, 634, 650, 666, 682, 
698, 714, 730, 746, 762, 778, 
794, 810, 826, 842, 858, 874

112 0 0.4448 0

Signs indicate global directions. Opposing forces may have a zero resultant. Table A11 lists the actual 
frozen loads; horizontal nodal magnitudes agree with [34]. Other source definitions must be checked 
individually before claiming full benchmark equivalence.

Appendix D. Literature Comparison Tables
The following tables are the authors’ own compilations of selected numerical results 

and problem definitions. Published data are identified explicitly by their source; they are 
not competitor runs carried out in this study. Full literature section vectors and copied 
source-table layouts are omitted. Reported analysis counts are preserved as source-specific 
measures and must not be treated as budgets identical to the local NFE. Controlled compar-
isons are reported in the main text.

Table A12. Author’s compilation of best masses and reported computational counts for the 200-
member problem. Data from [7] and this study; method citations identify the underlying algorithms.

Method Best Mass (kg) Reported Count/
Local Budget Numerical Data Source

CMLPSA [9] 11,541.9436 9650 [7]
ABC-AP [47] 11,581.9323 1,450,000 [7]

SAHS [48] 11,562.9313 19,670 [7]
TLBO [49] 11,561.2304 28,059 [7]

HPSSO [50] 11,656.8023 14,406 [7]
FPA [51] 11,576.4983 10,685 [7]

WEO [52] 11,645.9070 19,410 [7]
JA [7] 11,550.0629 31,580 [7]

LATSS (source-assisted) 11,549.599237 50,000 NFE/run This study
Data from Degertekin et al. [7] for published results, with the original method papers cited in the 
method labels. The LATSS entry is the separate source-assisted series (ten runs, 50,000 NFE per 
run). Published attainment counts and a complete NFE budget have different meanings. Numerical 
data are attributed; the source table is not reproduced. LATSS comprises 10 runs of 50,000 NFE 
initialized around the JA design. Additional measures: NOE = 0; CVσ = 0; Umax = 0.017440823 m; 
CVU = N/A; recorded NFE = 50,000; CVf = 0.001253%; reanalysis mass = 11,549.599237 kg; |σ|max 
= 9999.950972 psi. Literature CVf values are 0.553881% for SAHS, 0.107468% for TLBO, 8.465226% 
for HPSSO, 0.070977% for FPA, 2.640770% for WEO, and 0.094672% for JA. The selected published 
numerical data are presented in Table A12; unavailable quantities have not been inferred.
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Table A13. Author’s compilation of selected 582-member objective data in m3  and source-specific 
computational counts. Data from [11] and this study; local and published protocols are not as-
sumed equivalent.

Method Best Volume (m3 ) Mean Volume (m3 ) Source Count/
Local Budget Data Source

PSO [1] 22.385795 22.467582 50,000 [11]
DHPSACO [53] 22.065624 Not reported 8500 [11]

ECBO [54] 21.250351 21.413435 19,800 [11]
IMBA [55] 20.057111 20.087296 15,300 [11]

JS [56] 20.153418 20.791333 14,840 [11]
SFO [11] 20.881003 20.973279 2699 [11]

LATSS (local) 21.002278 22.671133 100,000 NFE/run This study
Data from Kaveh et al. [11], Table 11, for the published numerical results. The cited method papers 
identify the algorithms. Volume values were converted using 1 in3  = 0.000016387064 m3 . LATSS 
statistics are from thirty corrected expression local searches and are not results reproduced from [11]. 
The local LATSS row reports corrected expression searches with 100,000 NFE per run. The original 
positive cubic histories remain separate in the sensitivity comparison. Published rows provide context 
and do not establish an algorithm ranking across non-equivalent models.

Table A14. Author’s compilation of selected 942-member objective data in m3  and source-specific 
computational counts. Data from [11] and this study; local and published protocols are not as-
sumed equivalent.

Method Best Volume (m3 ) Mean Volume (m3 ) Source Count/
Local Budget Data Source

SA [57] 22.030752 Not reported 41,462 [11]
SGA [58] 23.001162 Not reported 200,000 [11]
ESs [58] 22.049106 Not reported 150,000 [11]
BI [59] 21.893675 22.151705 95,700 [11]

DAJA [8] 21.888382 22.073588 49,097 [11]
SFO [11] 21.535847 21.855427 16,285 [11]

LATSS (local) 23.102412 25.999513 100,000 NFE/run This study
Data from Kaveh et al. [11], Table 12, for the published numerical results; LATSS data are from this 
study. Volumes are converted from in3  to m3 . The local 942-member row uses corrected expression 
seed 17 for the best result and retains all thirty runs for its mean. The local LATSS row summarizes 
thirty corrected expression searches of 100,000 NFE. SAP2000 responses refer to corrected search seed 
17. Catalog and protocol differences still preclude a direct source-equivalent algorithm ranking.

Table A15. Author’s compilation of selected best masses for the 1938-member tower context and the 
local adapted LATSS problem. Data from [10] and this study; masses are in t.

Method/Series Best Reported Mass (t) Data Source Problem Scope

LSSO-HHSJA [10] 98.822 [10] Published problem; not rerun here
Hybrid HS–LS [10] 100.008 [10] Published problem; not rerun here

Hybrid BBBC–LS [10] 99.164 [10] Published problem; not rerun here
HFSA [10] 99.794 [10] Published problem; not rerun here

Improved JA [10] 99.255 [10] Published problem; not rerun here
LATSS 171.898150 This study Locally adapted problem; 30 runs

Data from Degertekin et al. [10] for the published best masses; the LATSS result is from this study. 
This independently arranged summary selects best objectives rather than reproducing the source’s 
complete statistical table. Publication [10] is distributed under CC BY 4.0; attribution is retained. 
The local 1938-member upper-tower truncation, supports, and loads define an adapted problem. In 
particular, the horizontal nodal forces are one tenth of the thesis values [35]. The published and local 
masses are contextual numerical data and do not constitute an equal-problem algorithm ranking. 
Unverified literature standard deviations are omitted from this selective summary.
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Table A16. Author’s compilation of selected best masses for the 3586-member tower context and the 
locally adapted LATSS problem. Data from [10] and this study; masses are in t.

Method/Series Best Reported Mass (t) Data Source Problem Scope

LATSS—this study 561.361170 This study Locally adapted problem; 30 runs
LSSO-HHSJA [10] 323.175 [10] Published problem; not rerun here

Hybrid HS–LS (single result) [10] 325.381 [10] Published problem; not rerun here
Hybrid HS–LS (series) [10] 323.611 [10] Published problem; not rerun here

Hybrid BBBC–LS (single result) [10] 325.980 [10] Published problem; not rerun here
Hybrid BBBC–LS (series) [10] 324.246 [10] Published problem; not rerun here

CMLPSA [10] 326.185 [10] Published problem; not rerun here
HFSA [10] 323.567 [10] Published problem; not rerun here

Improved JAYA [10] 323.977 [10] Published problem; not rerun here
BBBC-UBS [10] 325.097 [10] Published problem; not rerun here

SLP-MATLAB and DOT [10] 326.278 [10] Published problem; not rerun here

Data from Degertekin et al. [10] for published best masses, including the CMLPSA numerical result 
(method paper [9]); LATSS data are from this study. Reference [10] is distributed under CC BY 4.0. 
The table is the author’s own selective compilation and uses a different arrangement and scope from 
the source comparison. The local LATSS rows use the explicitly frozen chapter-based nodal force 
magnitudes and retain the upper-tower support adaptation. Published masses and analysis counts 
provide context, not source-equivalent algorithm rankings.

Table A17. Author’s compilation of selected 2386-member objective data in m3  and source-specific 
computational counts. Data from [13] and this study; local and published protocols are not 
assumed equivalent.

Method Best Volume (m3 ) Mean Volume (m3 ) Source Count/Local Budget Data Source

ECBO [12] 230.842227 Not reported 29,670 [13]
VPS [13] 212.863258 219.122592 29,980 [13]

LATSS (local) 229.303037 255.754146 100,000 NFE/run This study
Data from Kaveh and Ilchi Ghazaan [13] for published ECBO and VPS numerical results; the ECBO 
method/result is attributed there to [12]. The author independently selected the displayed quantities 
and converted in3  to m3 . LATSS data are from this study. The LATSS row describes the local discrete 
80 mm problem. All thirty local final vectors passed the separate corrected-capacity check at 80 mm 
and failed the 50 mm check. The 50 mm reruns are reported separately in the main text. These 
different feasible regions do not support a direct literature algorithm ranking.

Table A18. Author’s compilation of the distinct 2386-member formulations and their best reported 
objectives. Data from [36] and this study; objectives with different units and feasible regions are 
not ranked.

Method/Problem Design Variables Displacement Limit Best Objective and Unit Data Source

JA [36] 220 continuous areas 50 mm 4,820,755.4 kg [36]
JAPC [36] 220 continuous areas 50 mm 4,089,653.7 kg [36]

LATSS (local) 220 discrete profile indices 80 mm 229.303037 m3 This study
Data for the JA/JAPC problem definitions and best feasible masses are taken from Section 3.1.2 of the 
study by Shahrouzi, Khavaninzadeh, and Jahanbakhsh [36], for the JA/JAPC problem definitions 
and best feasible masses. That study reports ten runs for each method, with continuous areas from 
40 to 1600 cm2 , E = 210 GPa, ρ = 7850 kg/m3  and Fy = 253.1 MPa. Its mean/worst mass table is not 
reproduced. LATSS uses the separately defined local discrete problem; the kg and m3  objectives are 
displayed with their own units to prevent a direct numerical ranking.

Appendix E. SAP2000 Responses of Selected Designs
These figures show selected SAP2000 responses. The 582/942 panels use the corrected 

search designs and newly returned SAP2000 fields; the 1938/3586 and 80 mm 2386 panels 
retain the earlier primary designs. Deformation amplification is for visualization. Separate 
verification records document the ten newly selected comparator and sensitivity designs. 
Response agreement and axial acceptance do not cover every steel failure mode.
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Appendix E.1. 582-Bar Model

Figure A2. Reopened SAP2000 deformation and axial-stress fields for corrected expression LATSS 
seed 3 of the 582 bar model. The plotted deformation scale is indicated in the figure.

Figure A3. Reopened SAP2000 displacement components and axial stresses for corrected expression 
LATSS seed 3 of the 582 bar model.
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Appendix E.2. 942-Bar Model

Figure A4. Reopened SAP2000 deformation and axial-stress fields for corrected expression LATSS 
seed 17 of the 942 bar model. The plotted deformation scale is indicated in the figure.

Figure A5. Reopened SAP2000 displacement components and axial stresses for corrected expression 
LATSS seed 17 of the 942 bar model.
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Appendix E.3. 1938-Bar Model

Figure A6. Deformation and axial stresses of the best 1938 bar design (seed 28) under LC2. Deforma-
tion scale: ×49.1.

Figure A7. Displacement components under LC2 and member axial stresses for each load case of the 
1938 bar design (seed 28).
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Appendix E.4. 3586 Bar Model

Figure A8. Deformation and axial stresses of the best 3586 bar design (seed 16) under LC2. Deforma-
tion scale: ×71.5.

Figure A9. Displacement components under LC2 and member axial stresses for each load case of the 
3586 bar design (seed 16).
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Appendix E.5. 2386-Bar Model

Figure A10. Deformation and axial stresses of the best 2386 bar design (seed 12) under PAPER_COM-
BINED. Deformation scale: ×72.3.

Figure A11. Displacement components under PAPER_COMBINED and member axial stresses for 
each load case of the 2386 bar design (seed 12).
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