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Program - definitions

ü Patterns of elements

Needs@"Developer`"D;

GenInc@dist_D := ToPackedArray@Flatten@Reap@
Sow@881, 0<, 80, 1<, 81, 1<, 8−1, 1<<D;
Do@If@GCD@i, jD � 1,

Sow@88i, j<, 8−i, j<, 8j, i<, 8−j, i<<DD
, 8i, 2, dist<, 8j, 1, i − 1<DDP2T, 2DD

Patterns@nx_, ny_, distx_, disty_D := Module@
8idx, idy, i0, i1, ne, INC<,
INC = GenInc@Max@distx, distyDD;
ToPackedArray@Reap@Do@

8idx, idy< = INCPiT;
8i0, i1< = If@idx ≥ 0, 80, nx − idx<, 8−idx, nx<D;
If@i0  i1 && idy  ny &&

Abs@idxD  distx && idy  disty,

Sow@8idx, idy, i0, i1, Hi1 − i0 + 1L Hny − idy + 1L<DD
, 8i, Length@INCD<DDP2, 1T, IntegerDD

ü Lengths and directional cosines 

LCS@patt_, DX_, DY_D := ModuleA8L, c, s<,

ToPackedArrayATableA
c = pattPp, 1T DX; s = pattPp, 2T DY;
L = SqrtAc2 + s2E; c ê= L; s ê= L;

8L, c, s<
, 8p, Length@pattD<E, RealEE

VectorL@patt_, lcs_D := Module@8ne, L<,
ToPackedArray@Flatten@Table@

ne = pattPp, 5T; L = lcsPp, 1T; Table@L, 8ne<D
, 8p, Length@pattD<DD, RealDD



ü Elements

ElXY@nx_, ny_, patt_, DX_, DY_D := Module@
8idx, idy, i0, i1, ne, X, Y<,
X = ToPackedArray@Table@i DX, 8i, 0, nx<D, RealD;
Y = ToPackedArray@Table@j DY, 8j, 0, ny<D, RealD;
ToPackedArray@Flatten@Reap@

Do@8idx, idy, i0, i1, ne< = pattPpT;
Sow@Table@88XPiT, YPjT<, 8XPi + idxT, YPj + idyT<<

, 8j, 1, ny − idy + 1<, 8i, i0 + 1, i1 + 1<DD;
, 8p, Length@pattD<DDP2T, 3D, RealDD

ü Boundary conditions

BCList@supports_, nx_D := Module@8k, i, j, ux, uy<,
ToPackedArray@Partition@Union@Flatten@Reap@

Do@88i, j<, 8ux, uy<< = supportsPsT;
k = 2 HHnx + 1L j + iL + 1;

If@ux � 1, Sow@kDD; If@uy � 1, Sow@k + 1DD;
, 8s, Length@supportsD<DDP2, 1TDD, 1D, IntegerDD

ü Matrix BT

MatrixBT@nx_, ny_, patt_, lcs_D := Module@
8idx, idy, i0, i1, L, c, s, rules, k, dk, ie = 0<,
rules = Reap@Do@8idx, idy, i0, i1, k< = pattPpT;

8L, c, s< = lcsPpT;
dk = 2 HHnx + 1L idy + idxL;
Do@ie++; k = 2 HHnx + 1L j + iL + 1;

Sow@8ie, k< → −cD; Sow@8ie, k + 1< → −sD;
k += dk;

Sow@8ie, k< → cD; Sow@8ie, k + 1< → sD;
, 8j, 0, ny − idy<, 8i, i0, i1<D;

, 8p, Length@pattD<D;DP2, 1T;
Transpose@SparseArray@rulesDDD

MatrixBT@nx_, ny_, patt_, lcs_, BC_D :=

Delete@MatrixBT@nx, ny, patt, lcsD, BCD

ü Loading vector

VectorP@loads_, nx_, ny_D := Module@8P, i, j, n, p<,
P = Table@80, 0<, 8Hnx + 1L Hny + 1L<D;
Do@88i, j<, p< = loadsPfT;
n = Hnx + 1L j + i + 1; PPnT = p;

, 8f, Length@loadsD<D;
ToPackedArray@Flatten@PD, RealDD

VectorP@loads_, nx_, ny_, BC_D := ToPackedArray@
Delete@VectorP@loads, nx, nyD, BCD, RealD
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ü Solution of the optimization problem

OptimalTruss@xmax_, ymax_, nx_, ny_, supports_, loads_,

distx_: 1, disty_: 0, kappa_: 1, tol_: Sqrt@$MachineEpsilonDD :=

Module@8ndx, ndy, dx, dy, pat, lcs, L, LL, BC, BB, PP,

nn, ne, dof, S, A, e, g, a, t, vol, P, B<,

ndx = Min@nx, Max@1, distxDD;
ndy = Min@ny, Max@1, If@disty < 1, distx, distyDDD;
dx = xmax ê nx; dy = ymax ê ny;
pat = Patterns@nx, ny, ndx, ndyD;
nn = Hnx + 1L Hny + 1L;
ne = Total@patPAll, 5TD;
BC = BCList@supports, nxD;
dof = 2 nn − Length@BCD;
Print@"Mesh ", nx, "x", ny, ":", ndx, "x", ndy,

", Nodes ", nn, ", Elements ", ne, ", DOF ", dofD;
lcs = LCS@pat, dx, dyD;
L = VectorL@pat, lcsD ;
P = VectorP@loads, nx, ny, BCD;
B = MatrixBT@nx, ny, pat, lcs, BCD;

PP = Transpose@8P, Table@0, 8Length@PD<D<D;
LL = Join@L, kappa LD;
BB = Join@B, −B, 2D;
Print@"Matrix H ", Length@PD, "x", Length@LLD, " in ",

ByteCount@BBD ê 2.^20, "MB H", 16 dof ne ê 2.^30, "GB fullL"D;
t = Timing@S = LinearProgramming@LL, BB, PP,

Method → "InteriorPoint", Tolerance → tolD;DP1T;
vol = S.LL;

Print@"Objective S.L = ", vol, " CPU time = ", t, "s"D;
S = Partition@S, neD;
S = SP1T − SP2T;
A = Table@If@SPiT < 0, −kappa SPiT, SPiTD, 8i, ne<D;
A ê= Max@AD;
A = Chop@A, 100 tolD;

e = ElXY@nx, ny, pat, dx, dyD;
Graphics@Reap@Do@a = APiT; If@a > tol,

Sow@8Thickness@.015 Sqrt@aDD, Hue@.7 H1 − aLD,
Line@ePiTD<DD, 8i, ne<DDP2, 1TDD

Example

Xmax = 3; Ymax = 1;

supports := Table@880, i<, 81, 1<<, 8i, 0, NY<D;
loads := 888NX, Round@NY ê 2D<, 80, −1<<<;
NY = 10; NX = 3 NY; DIST = 10;

OptimalTruss@Xmax, Ymax, NX, NY, supports, loads, DISTD
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Mesh 30x10:10x10, Nodes 341, Elements 19632, DOF 660

Matrix H 660x39264 in 1.73669MB H0.193076GB fullL

Objective S.L = 13.6857 CPU time = 1.969s
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