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PROGRAMMAZIONE LINEARE
Sia Hij la matrice del simplesso, con m righe e n colonne.
Siano Pj le variabili primali di riga e Di le variabili duali di colonna, con 1≤j<n, 1≤i<m.
Siano a riga m i coefficienti della funzione obiettivo primale max Σj Hmj Pj, 1≤j<n.
Siano a colonna n i coefficienti della funzione obiettivo duale min Σi Hin Di, 1≤i<m.
Sequenza di operazioni pivotali:
1 Sia q  (1≤q<n) la colonna pivot con massimo valore Hmj in riga m.
2 Sia p  (1≤p<m) la riga pivot di colonna q, a coefficiente negativo Hiq, che minimizza il rapporto Hin/Hiq.
3 Si ottiene il coefficiente pivotale Hpq.
4 Si scambia la variabile primale Pq con la duale Dp.
5 Si ridefinisce il coefficiente pivotale Hpq=1/Hpq.
6 Si ridefiniscono i coefficienti della colonna pivot q: Hiq = Hpq Hiq, escluso il pivot Hpq.
7 Si ridefiniscono tutti i coefficienti della matrice, esclusa la riga p e la colonna q: Hij = Hij - Hiq Hpj.
8 Si ridefiniscono i coefficienti della riga pivot p: Hpj = - Hpq Hpj, escluso il pivot Hpq.
Si ripete il ciclo 1-8 sino a quando la funzione obiettivo di riga m ha solo coefficienti non-positivi.
Giunti a questo punto, si individua la soluzione.
Si hanno gli elementi non nulli del vettore soluzione primale, con segno cambiato, sulla colonna n dei
termini noti, in corrispondenza delle variabili Pj presenti sulla colonna di sinistra.
Si hanno gli elementi non nulli del vettore soluzione duale, con segno cambiato, sulla riga m
della funzione obiettivo, in corrispondenza delle variabili Di presenti sulla colonna superiore.

Programmazione lineare m=6,n=4
P1 P2 P3 MIN

D1 H11 H12 H13 H14≥
D2 H21 H22 H23 H24≥
D3 H31 H32 H33 H34≥
D4 H41 H42 H43 H44≥
D5 H51 H52 H53 H54≥
MAX H61 H62 H63 H64=
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SOLUZIONE DEL SIMPLESSO  X=WAB Y=WBA Z=WBC T=WCD S=WDE R=WFB

Tableau con variabili non vincolate in segno
X Y Z T S R αbF Fb

WAB- 1 0 0 0 0 0 0 -1≥
WAB+ 1 0 0 0 0 0 0 1≤
WBA- 0 1 0 0 0 0 0 -1≥
WBA+ 0 1 0 0 0 0 0 1≤
WBC- 0 0 1 0 0 0 0 -3/2≥
WBC+ 0 0 1 0 0 0 0 3/2≤
WCD- 0 0 0 1 0 0 0 -3/2≥
WCD+ 0 0 0 1 0 0 0 3/2≤
WDC- 0 0 1 -2 0 0 -8 -3/2≥
WDC+ 0 0 1 -2 0 0 -8 3/2≤
WDE- 0 0 0 0 1 0 0 -1≥
WDE+ 0 0 0 0 1 0 0 1≤
WED- -1 -1 0 0 -1 0 18 -1≥
WED+ -1 -1 0 0 -1 0 18 1≤
WBF- 0 -1 -1 0 0 0 0 -1≥
WBF+ 0 -1 -1 0 0 0 0 1≤
WFB- 0 0 0 0 0 1 0 -1≥
WFB+ 0 0 0 0 0 1 0 1≤
WGH- 0 1/2 1 -1 1/2 -1 -4 -3/2≥
WGH+ 0 1/2 1 -1 1/2 -1 -4 3/2≤
WHD- 0 1 2 -2 1 -1 4 -1≥
WHD+ 0 1 2 -2 1 -1 4 1≤
WDH- 0 0 -1 2 -1 0 8 -1≥
WDH+ 0 0 -1 2 -1 0 8 1≤
Max 0 0 0 0 0 0 1 0=
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Tableau con variabili non vincolate in segno
X Y Z T S R αbF Fb

WAB- 1 0 0 0 0 0 0 -1≥
WAB+ -1 0 0 0 0 0 0 -1≥
WBA- 0 1 0 0 0 0 0 -1≥
WBA+ 0 -1 0 0 0 0 0 -1≥
WBC- 0 0 1 0 0 0 0 -3/2≥
WBC+ 0 0 -1 0 0 0 0 -3/2≥
WCD- 0 0 0 1 0 0 0 -3/2≥
WCD+ 0 0 0 -1 0 0 0 -3/2≥
WDC- 0 0 1 -2 0 0 -8 -3/2≥
WDC+ 0 0 -1 2 0 0 8 -3/2≥
WDE- 0 0 0 0 1 0 0 -1≥
WDE+ 0 0 0 0 -1 0 0 -1≥
WED- -1 -1 0 0 -1 0 18 -1≥
WED+ 1 1 0 0 1 0 -18 -1≥
WBF- 0 -1 -1 0 0 0 0 -1≥
WBF+ 0 1 1 0 0 0 0 -1≥
WFB- 0 0 0 0 0 1 0 -1≥
WFB+ 0 0 0 0 0 -1 0 -1≥
WGH- 0 1/2 1 -1 1/2 -1 -4 -3/2≥
WGH+ 0 -1/2 -1 1 -1/2 1 4 -3/2≥
WHD- 0 1 2 -2 1 -1 4 -1≥
WHD+ 0 -1 -2 2 -1 1 -4 -1≥
WDH- 0 0 -1 2 -1 0 8 -1≥
WDH+ 0 0 1 -2 1 0 -8 -1≥
Max 0 0 0 0 0 0 1 0=
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Tableau con variabili vincolate in segno
X+ Y+ Z+ T+ S+ R+ X- Y- Z- T- S- R- αbF Fb

WAB- 1 0 0 0 0 0 -1 0 0 0 0 0 0 -1≥
WAB+ -1 0 0 0 0 0 1 0 0 0 0 0 0 -1≤
WBA- 0 1 0 0 0 0 0 -1 0 0 0 0 0 -1≥
WBA+ 0 -1 0 0 0 0 0 1 0 0 0 0 0 -1≤
WBC- 0 0 1 0 0 0 0 0 -1 0 0 0 0 -3/2≥
WBC+ 0 0 -1 0 0 0 0 0 1 0 0 0 0 -3/2≤
WCD- 0 0 0 1 0 0 0 0 0 -1 0 0 0 -3/2≥
WCD+ 0 0 0 -1 0 0 0 0 0 1 0 0 0 -3/2≤
WDC- 0 0 1 -2 0 0 0 0 -1 2 0 0 -8 -3/2≥
WDC+ 0 0 -1 2 0 0 0 0 1 -2 0 0 8 -3/2≤
WDE- 0 0 0 0 1 0 0 0 0 0 -1 0 0 -1≥
WDE+ 0 0 0 0 -1 0 0 0 0 0 1 0 0 -1≤
WED- -1 -1 0 0 -1 0 1 1 0 0 1 0 18 -1≥
WED+ 1 1 0 0 1 0 -1 -1 0 0 -1 0 -18 -1≤
WBF- 0 -1 -1 0 0 0 0 1 1 0 0 0 0 -1≥
WBF+ 0 1 1 0 0 0 0 -1 -1 0 0 0 0 -1≤
WFB- 0 0 0 0 0 1 0 0 0 0 0 -1 0 -1≥
WFB+ 0 0 0 0 0 -1 0 0 0 0 0 1 0 -1≤
WGH- 0 1/2 1 -1 1/2 -1 0 -1/2 -1 1 -1/2 1 -4 -3/2≥
WGH+ 0 -1/2 -1 1 -1/2 1 0 1/2 1 -1 1/2 -1 4 -3/2≤
WHD- 0 1 2 -2 1 -1 0 -1 -2 2 -1 1 4 -1≥
WHD+ 0 -1 -2 2 -1 1 0 1 2 -2 1 -1 -4 -1≤
WDH- 0 0 -1 2 -1 0 0 0 1 -2 1 0 8 -1≥
WDH+ 0 0 1 -2 1 0 0 0 -1 2 -1 0 -8 -1≤
Max 0 0 0 0 0 0 0 0 0 0 0 0 1 0=
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Tableau a variabili negative su X- e limitate
X Y Z T S R αbF X- Fb

ϕAB- 1 0 0 0 0 0 0 -1 -1≥
ϕAB+ -1 0 0 0 0 0 0 1 -1≥
ϕBA- 0 1 0 0 0 0 0 -1 -1≥
ϕBA+ 0 -1 0 0 0 0 0 1 -1≥
ϕBC- 0 0 1 0 0 0 0 -1 -3/2≥
ϕBC+ 0 0 -1 0 0 0 0 1 -3/2≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
ϕDC- 0 0 1 -2 0 0 -8 1 -3/2≥
ϕDC+ 0 0 -1 2 0 0 8 -1 -3/2≥
ϕDE- 0 0 0 0 1 0 0 -1 -1≥
ϕDE+ 0 0 0 0 -1 0 0 1 -1≥
ϕED- -1 -1 0 0 -1 0 18 3 -1≥
ϕED+ 1 1 0 0 1 0 -18 -3 -1≥
ϕBF- 0 -1 -1 0 0 0 0 2 -1≥
ϕBF+ 0 1 1 0 0 0 0 -2 -1≥
ϕFB- 0 0 0 0 0 1 0 -1 -1≥
ϕFB+ 0 0 0 0 0 -1 0 1 -1≥
ϕGH- 0 1/2 1 -1 1/2 -1 -4 0 -3/2≥
ϕGH+ 0 -1/2 -1 1 -1/2 1 4 0 -3/2≥
ϕHD- 0 1 2 -2 1 -1 4 -1 -1≥
ϕHD+ 0 -1 -2 2 -1 1 -4 1 -1≥
ϕDH- 0 0 -1 2 -1 0 8 0 -1≥
ϕDH+ 0 0 1 -2 1 0 -8 0 -1≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max 0 0 0 0 0 0 1 0 0=
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Scambio pivotale 14-7
X Y Z T S R ϕED+ X- Fb

ϕAB- 1 0 0 0 0 0 0 -1 -1≥
ϕAB+ -1 0 0 0 0 0 0 1 -1≥
ϕBA- 0 1 0 0 0 0 0 -1 -1≥
ϕBA+ 0 -1 0 0 0 0 0 1 -1≥
ϕBC- 0 0 1 0 0 0 0 -1 -3/2≥
ϕBC+ 0 0 -1 0 0 0 0 1 -3/2≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
ϕDC- -4/9 -4/9 1 -2 -4/9 0 4/9 7/3 -19/18≥
ϕDC+ 4/9 4/9 -1 2 4/9 0 -4/9 -7/3 -35/18≥
ϕDE- 0 0 0 0 1 0 0 -1 -1≥
ϕDE+ 0 0 0 0 -1 0 0 1 -1≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF 1/18 1/18 0 0 1/18 0 -1/18 -1/6 -1/18≥
ϕBF- 0 -1 -1 0 0 0 0 2 -1≥
ϕBF+ 0 1 1 0 0 0 0 -2 -1≥
ϕFB- 0 0 0 0 0 1 0 -1 -1≥
ϕFB+ 0 0 0 0 0 -1 0 1 -1≥
ϕGH- -2/9 5/18 1 -1 5/18 -1 2/9 2/3 -23/18≥
ϕGH+ 2/9 -5/18 -1 1 -5/18 1 -2/9 -2/3 -31/18≥
ϕHD- 2/9 11/9 2 -2 11/9 -1 -2/9 -5/3 -11/9≥
ϕHD+ -2/9 -11/9 -2 2 -11/9 1 2/9 5/3 -7/9≥
ϕDH- 4/9 4/9 -1 2 -5/9 0 -4/9 -4/3 -13/9≥
ϕDH+ -4/9 -4/9 1 -2 5/9 0 4/9 4/3 -5/9≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max 1/18 1/18 0 0 1/18 0 -1/18 -1/6 -1/18=
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Scambio pivotale 2-1
ϕAB+ Y Z T S R ϕED+ X- Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -1 0 0 0 0 0 0 1 -1≥
ϕBA- 0 1 0 0 0 0 0 -1 -1≥
ϕBA+ 0 -1 0 0 0 0 0 1 -1≥
ϕBC- 0 0 1 0 0 0 0 -1 -3/2≥
ϕBC+ 0 0 -1 0 0 0 0 1 -3/2≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
ϕDC- 4/9 -4/9 1 -2 -4/9 0 4/9 17/9 -11/18≥
ϕDC+ -4/9 4/9 -1 2 4/9 0 -4/9 -17/9 -43/18≥
ϕDE- 0 0 0 0 1 0 0 -1 -1≥
ϕDE+ 0 0 0 0 -1 0 0 1 -1≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/18 1/18 0 0 1/18 0 -1/18 -1/9 -1/9≥
ϕBF- 0 -1 -1 0 0 0 0 2 -1≥
ϕBF+ 0 1 1 0 0 0 0 -2 -1≥
ϕFB- 0 0 0 0 0 1 0 -1 -1≥
ϕFB+ 0 0 0 0 0 -1 0 1 -1≥
ϕGH- 2/9 5/18 1 -1 5/18 -1 2/9 4/9 -19/18≥
ϕGH+ -2/9 -5/18 -1 1 -5/18 1 -2/9 -4/9 -35/18≥
ϕHD- -2/9 11/9 2 -2 11/9 -1 -2/9 -13/9 -13/9≥
ϕHD+ 2/9 -11/9 -2 2 -11/9 1 2/9 13/9 -5/9≥
ϕDH- -4/9 4/9 -1 2 -5/9 0 -4/9 -8/9 -17/9≥
ϕDH+ 4/9 -4/9 1 -2 5/9 0 4/9 8/9 -1/9≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max -1/18 1/18 0 0 1/18 0 -1/18 -1/9 -1/9=
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Scambio pivotale 24-2
ϕAB+ ϕDH+ Z T S R ϕED+ X- Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -1 0 0 0 0 0 0 1 -1≥
ϕBA- 1 -9/4 9/4 -9/2 5/4 0 1 1 -5/4≥
ϕBA+ -1 9/4 -9/4 9/2 -5/4 0 -1 -1 -3/4≥
ϕBC- 0 0 1 0 0 0 0 -1 -3/2≥
ϕBC+ 0 0 -1 0 0 0 0 1 -3/2≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
ϕDC- 0 1 0 0 -1 0 0 1 -1/2≥
ϕDC+ 0 -1 0 0 1 0 0 -1 -5/2≥
ϕDE- 0 0 0 0 1 0 0 -1 -1≥
ϕDE+ 0 0 0 0 -1 0 0 1 -1≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF 0 -1/8 1/8 -1/4 1/8 0 0 0 -1/8≥
ϕBF- -1 9/4 -13/4 9/2 -5/4 0 -1 0 -3/4≥
ϕBF+ 1 -9/4 13/4 -9/2 5/4 0 1 0 -5/4≥
ϕFB- 0 0 0 0 0 1 0 -1 -1≥
ϕFB+ 0 0 0 0 0 -1 0 1 -1≥
ϕGH- 1/2 -5/8 13/8 -9/4 5/8 -1 1/2 1 -9/8≥
ϕGH+ -1/2 5/8 -13/8 9/4 -5/8 1 -1/2 -1 -15/8≥
ϕHD- 1 -11/4 19/4 -15/2 11/4 -1 1 1 -7/4≥
ϕHD+ -1 11/4 -19/4 15/2 -11/4 1 -1 -1 -1/4≥
ϕDH- 0 -1 0 0 0 0 0 0 -2≥
Y 1 -9/4 9/4 -9/2 5/4 0 1 2 -1/4≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max 0 -1/8 1/8 -1/4 1/8 0 0 0 -1/8=



AL4.001PROCEDIMENTO E RISULTATI Nome:

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.11.05.11 08.06.11

Scambio pivotale 22-3
ϕAB+ ϕDH+ ϕHD+ T S R ϕED+ X- Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -1 0 0 0 0 0 0 1 -1≥
ϕBA- 10/19 -18/19 -9/19 -18/19 -1/19 9/19 10/19 10/19 -26/19≥
ϕBA+ -10/19 18/19 9/19 18/19 1/19 -9/19 -10/19 -10/19 -12/19≥
ϕBC- -4/19 11/19 -4/19 30/19 -11/19 4/19 -4/19 -23/19 -59/38≥
ϕBC+ 4/19 -11/19 4/19 -30/19 11/19 -4/19 4/19 23/19 -55/38≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
ϕDC- 0 1 0 0 -1 0 0 1 -1/2≥
ϕDC+ 0 -1 0 0 1 0 0 -1 -5/2≥
ϕDE- 0 0 0 0 1 0 0 -1 -1≥
ϕDE+ 0 0 0 0 -1 0 0 1 -1≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/38 -1/19 -1/38 -1/19 1/19 1/38 -1/38 -1/38 -5/38≥
ϕBF- -6/19 7/19 13/19 -12/19 12/19 -13/19 -6/19 13/19 -11/19≥
ϕBF+ 6/19 -7/19 -13/19 12/19 -12/19 13/19 6/19 -13/19 -27/19≥
ϕFB- 0 0 0 0 0 1 0 -1 -1≥
ϕFB+ 0 0 0 0 0 -1 0 1 -1≥
ϕGH- 3/19 6/19 -13/38 6/19 -6/19 -25/38 3/19 25/38 -23/19≥
ϕGH+ -3/19 -6/19 13/38 -6/19 6/19 25/38 -3/19 -25/38 -34/19≥
ϕHD- 0 0 -1 0 0 0 0 0 -2≥
Z -4/19 11/19 -4/19 30/19 -11/19 4/19 -4/19 -4/19 -1/19≥
ϕDH- 0 -1 0 0 0 0 0 0 -2≥
Y 10/19 -18/19 -9/19 -18/19 -1/19 9/19 10/19 29/19 -7/19≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max -1/38 -1/19 -1/38 -1/19 1/19 1/38 -1/38 -1/38 -5/38=
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Scambio pivotale 22-5
ϕAB+ ϕDH+ ϕHD+ T Z R ϕED+ X- Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -1 0 0 0 0 0 0 1 -1≥
ϕBA- 6/11 -1 -5/11 -12/11 1/11 5/11 6/11 6/11 -15/11≥
ϕBA+ -6/11 1 5/11 12/11 -1/11 -5/11 -6/11 -6/11 -7/11≥
ϕBC- 0 0 0 0 1 0 0 -1 -3/2≥
ϕBC+ 0 0 0 0 -1 0 0 1 -3/2≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
ϕDC- 4/11 0 4/11 -30/11 19/11 -4/11 4/11 15/11 -9/22≥
ϕDC+ -4/11 0 -4/11 30/11 -19/11 4/11 -4/11 -15/11 -57/22≥
ϕDE- -4/11 1 -4/11 30/11 -19/11 4/11 -4/11 -15/11 -12/11≥
ϕDE+ 4/11 -1 4/11 -30/11 19/11 -4/11 4/11 15/11 -10/11≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/22 0 -1/22 1/11 -1/11 1/22 -1/22 -1/22 -3/22≥
ϕBF- -6/11 1 5/11 12/11 -12/11 -5/11 -6/11 5/11 -7/11≥
ϕBF+ 6/11 -1 -5/11 -12/11 12/11 5/11 6/11 -5/11 -15/11≥
ϕFB- 0 0 0 0 0 1 0 -1 -1≥
ϕFB+ 0 0 0 0 0 -1 0 1 -1≥
ϕGH- 3/11 0 -5/22 -6/11 6/11 -17/22 3/11 17/22 -13/11≥
ϕGH+ -3/11 0 5/22 6/11 -6/11 17/22 -3/11 -17/22 -20/11≥
ϕHD- 0 0 -1 0 0 0 0 0 -2≥
S -4/11 1 -4/11 30/11 -19/11 4/11 -4/11 -4/11 -1/11≥
ϕDH- 0 -1 0 0 0 0 0 0 -2≥
Y 6/11 -1 -5/11 -12/11 1/11 5/11 6/11 17/11 -4/11≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max -1/22 0 -1/22 1/11 -1/11 1/22 -1/22 -1/22 -3/22=
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Scambio pivotale 9-4
ϕAB+ ϕDH+ ϕHD+ ϕDC- Z R ϕED+ X- Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -1 0 0 0 0 0 0 1 -1≥
ϕBA- 2/5 -1 -3/5 2/5 -3/5 3/5 2/5 0 -6/5≥
ϕBA+ -2/5 1 3/5 -2/5 3/5 -3/5 -2/5 0 -4/5≥
ϕBC- 0 0 0 0 1 0 0 -1 -3/2≥
ϕBC+ 0 0 0 0 -1 0 0 1 -3/2≥
ϕCD- 2/15 0 2/15 -11/30 19/30 -2/15 2/15 -1/2 -33/20≥
ϕCD+ -2/15 0 -2/15 11/30 -19/30 2/15 -2/15 1/2 -27/20≥
T 2/15 0 2/15 -11/30 19/30 -2/15 2/15 1/2 -3/20≥
ϕDC+ 0 0 0 -1 0 0 0 0 -3≥
ϕDE- 0 1 0 -1 0 0 0 0 -3/2≥
ϕDE+ 0 -1 0 1 0 0 0 0 -1/2≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/30 0 -1/30 -1/30 -1/30 1/30 -1/30 0 -3/20≥
ϕBF- -2/5 1 3/5 -2/5 -2/5 -3/5 -2/5 1 -4/5≥
ϕBF+ 2/5 -1 -3/5 2/5 2/5 3/5 2/5 -1 -6/5≥
ϕFB- 0 0 0 0 0 1 0 -1 -1≥
ϕFB+ 0 0 0 0 0 -1 0 1 -1≥
ϕGH- 1/5 0 -3/10 1/5 1/5 -7/10 1/5 1/2 -11/10≥
ϕGH+ -1/5 0 3/10 -1/5 -1/5 7/10 -1/5 -1/2 -19/10≥
ϕHD- 0 0 -1 0 0 0 0 0 -2≥
S 0 1 0 -1 0 0 0 1 -1/2≥
ϕDH- 0 -1 0 0 0 0 0 0 -2≥
Y 2/5 -1 -3/5 2/5 -3/5 3/5 2/5 1 -1/5≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max -1/30 0 -1/30 -1/30 -1/30 1/30 -1/30 0 -3/20=
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Scambio pivotale 18-6
ϕAB+ ϕDH+ ϕHD+ ϕDC- Z ϕFB+ ϕED+ X- Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -1 0 0 0 0 0 0 1 -1≥
ϕBA- 2/5 -1 -3/5 2/5 -3/5 -3/5 2/5 3/5 -9/5≥
ϕBA+ -2/5 1 3/5 -2/5 3/5 3/5 -2/5 -3/5 -1/5≥
ϕBC- 0 0 0 0 1 0 0 -1 -3/2≥
ϕBC+ 0 0 0 0 -1 0 0 1 -3/2≥
ϕCD- 2/15 0 2/15 -11/30 19/30 2/15 2/15 -19/30 -91/60≥
ϕCD+ -2/15 0 -2/15 11/30 -19/30 -2/15 -2/15 19/30 -89/60≥
T 2/15 0 2/15 -11/30 19/30 2/15 2/15 11/30 -1/60≥
ϕDC+ 0 0 0 -1 0 0 0 0 -3≥
ϕDE- 0 1 0 -1 0 0 0 0 -3/2≥
ϕDE+ 0 -1 0 1 0 0 0 0 -1/2≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/30 0 -1/30 -1/30 -1/30 -1/30 -1/30 1/30 -11/60≥
ϕBF- -2/5 1 3/5 -2/5 -2/5 3/5 -2/5 2/5 -1/5≥
ϕBF+ 2/5 -1 -3/5 2/5 2/5 -3/5 2/5 -2/5 -9/5≥
ϕFB- 0 0 0 0 0 -1 0 0 -2≥
R 0 0 0 0 0 -1 0 1 -1≥
ϕGH- 1/5 0 -3/10 1/5 1/5 7/10 1/5 -1/5 -2/5≥
ϕGH+ -1/5 0 3/10 -1/5 -1/5 -7/10 -1/5 1/5 -13/5≥
ϕHD- 0 0 -1 0 0 0 0 0 -2≥
S 0 1 0 -1 0 0 0 1 -1/2≥
ϕDH- 0 -1 0 0 0 0 0 0 -2≥
Y 2/5 -1 -3/5 2/5 -3/5 -3/5 2/5 8/5 -4/5≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max -1/30 0 -1/30 -1/30 -1/30 -1/30 -1/30 1/30 -11/60=
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Scambio pivotale 4-8
ϕAB+ ϕDH+ ϕHD+ ϕDC- Z ϕFB+ ϕED+ ϕBA+ Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -5/3 5/3 1 -2/3 1 1 -2/3 -5/3 -4/3≥
ϕBA- 0 0 0 0 0 0 0 -1 -2≥
X- -2/3 5/3 1 -2/3 1 1 -2/3 -5/3 -1/3≥
ϕBC- 2/3 -5/3 -1 2/3 0 -1 2/3 5/3 -7/6≥
ϕBC+ -2/3 5/3 1 -2/3 0 1 -2/3 -5/3 -11/6≥
ϕCD- 5/9 -19/18 -1/2 1/18 0 -1/2 5/9 19/18 -47/36≥
ϕCD+ -5/9 19/18 1/2 -1/18 0 1/2 -5/9 -19/18 -61/36≥
T -1/9 11/18 1/2 -11/18 1 1/2 -1/9 -11/18 -5/36≥
ϕDC+ 0 0 0 -1 0 0 0 0 -3≥
ϕDE- 0 1 0 -1 0 0 0 0 -3/2≥
ϕDE+ 0 -1 0 1 0 0 0 0 -1/2≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/18 1/18 0 -1/18 0 0 -1/18 -1/18 -7/36≥
ϕBF- -2/3 5/3 1 -2/3 0 1 -2/3 -2/3 -1/3≥
ϕBF+ 2/3 -5/3 -1 2/3 0 -1 2/3 2/3 -5/3≥
ϕFB- 0 0 0 0 0 -1 0 0 -2≥
R -2/3 5/3 1 -2/3 1 0 -2/3 -5/3 -4/3≥
ϕGH- 1/3 -1/3 -1/2 1/3 0 1/2 1/3 1/3 -1/3≥
ϕGH+ -1/3 1/3 1/2 -1/3 0 -1/2 -1/3 -1/3 -8/3≥
ϕHD- 0 0 -1 0 0 0 0 0 -2≥
S -2/3 8/3 1 -5/3 1 1 -2/3 -5/3 -5/6≥
ϕDH- 0 -1 0 0 0 0 0 0 -2≥
Y -2/3 5/3 1 -2/3 1 1 -2/3 -8/3 -4/3≥
LX 2/3 -5/3 -1 2/3 -1 -1 2/3 5/3 -7/6≥
Max -1/18 1/18 0 -1/18 0 0 -1/18 -1/18 -7/36=
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Scambio pivotale 12-2
ϕAB+ ϕDE+ ϕHD+ ϕDC- Z ϕFB+ ϕED+ ϕBA+ Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -5/3 -5/3 1 1 1 1 -2/3 -5/3 -13/6≥
ϕBA- 0 0 0 0 0 0 0 -1 -2≥
X- -2/3 -5/3 1 1 1 1 -2/3 -5/3 -7/6≥
ϕBC- 2/3 5/3 -1 -1 0 -1 2/3 5/3 -1/3≥
ϕBC+ -2/3 -5/3 1 1 0 1 -2/3 -5/3 -8/3≥
ϕCD- 5/9 19/18 -1/2 -1 0 -1/2 5/9 19/18 -7/9≥
ϕCD+ -5/9 -19/18 1/2 1 0 1/2 -5/9 -19/18 -20/9≥
T -1/9 -11/18 1/2 0 1 1/2 -1/9 -11/18 -4/9≥
ϕDC+ 0 0 0 -1 0 0 0 0 -3≥
ϕDE- 0 -1 0 0 0 0 0 0 -2≥
ϕDH+ 0 -1 0 1 0 0 0 0 -1/2≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/18 -1/18 0 0 0 0 -1/18 -1/18 -2/9≥
ϕBF- -2/3 -5/3 1 1 0 1 -2/3 -2/3 -7/6≥
ϕBF+ 2/3 5/3 -1 -1 0 -1 2/3 2/3 -5/6≥
ϕFB- 0 0 0 0 0 -1 0 0 -2≥
R -2/3 -5/3 1 1 1 0 -2/3 -5/3 -13/6≥
ϕGH- 1/3 1/3 -1/2 0 0 1/2 1/3 1/3 -1/6≥
ϕGH+ -1/3 -1/3 1/2 0 0 -1/2 -1/3 -1/3 -17/6≥
ϕHD- 0 0 -1 0 0 0 0 0 -2≥
S -2/3 -8/3 1 1 1 1 -2/3 -5/3 -13/6≥
ϕDH- 0 1 0 -1 0 0 0 0 -3/2≥
Y -2/3 -5/3 1 1 1 1 -2/3 -8/3 -13/6≥
LX 2/3 5/3 -1 -1 -1 -1 2/3 5/3 -1/3≥
Max -1/18 -1/18 0 0 0 0 -1/18 -1/18 -2/9=
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Tableau finale
ϕAB+ ϕDE+ ϕHD+ ϕDC- Z ϕFB+ ϕED+ ϕBA+ Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -5/3 -5/3 1 1 1 1 -2/3 -5/3 -13/6≥
ϕBA- 0 0 0 0 0 0 0 -1 -2≥
X- -2/3 -5/3 1 1 1 1 -2/3 -5/3 -7/6≥
ϕBC- 2/3 5/3 -1 -1 0 -1 2/3 5/3 -1/3≥
ϕBC+ -2/3 -5/3 1 1 0 1 -2/3 -5/3 -8/3≥
ϕCD- 5/9 19/18 -1/2 -1 0 -1/2 5/9 19/18 -7/9≥
ϕCD+ -5/9 -19/18 1/2 1 0 1/2 -5/9 -19/18 -20/9≥
T -1/9 -11/18 1/2 0 1 1/2 -1/9 -11/18 -4/9≥
ϕDC+ 0 0 0 -1 0 0 0 0 -3≥
ϕDE- 0 -1 0 0 0 0 0 0 -2≥
ϕDH+ 0 -1 0 1 0 0 0 0 -1/2≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/18 -1/18 0 0 0 0 -1/18 -1/18 -2/9≥
ϕBF- -2/3 -5/3 1 1 0 1 -2/3 -2/3 -7/6≥
ϕBF+ 2/3 5/3 -1 -1 0 -1 2/3 2/3 -5/6≥
ϕFB- 0 0 0 0 0 -1 0 0 -2≥
R -2/3 -5/3 1 1 1 0 -2/3 -5/3 -13/6≥
ϕGH- 1/3 1/3 -1/2 0 0 1/2 1/3 1/3 -1/6≥
ϕGH+ -1/3 -1/3 1/2 0 0 -1/2 -1/3 -1/3 -17/6≥
ϕHD- 0 0 -1 0 0 0 0 0 -2≥
S -2/3 -8/3 1 1 1 1 -2/3 -5/3 -13/6≥
ϕDH- 0 1 0 -1 0 0 0 0 -3/2≥
Y -2/3 -5/3 1 1 1 1 -2/3 -8/3 -13/6≥
LX 2/3 5/3 -1 -1 -1 -1 2/3 5/3 -1/3≥
Max -1/18 -1/18 0 0 0 0 -1/18 -1/18 -2/9=
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Vettori soluzione della programmazione lineare
X Y Z T S R αbF X- Fb

ϕAB- 0 0 0 0 0 0 0 0 0≥
ϕAB+ 0 0 0 0 0 0 0 0 1/18≥
ϕBA- 0 0 0 0 0 0 0 0 0≥
ϕBA+ 0 0 0 0 0 0 0 0 1/18≥
ϕBC- 0 0 0 0 0 0 0 0 0≥
ϕBC+ 0 0 0 0 0 0 0 0 0≥
ϕCD- 0 0 0 0 0 0 0 0 0≥
ϕCD+ 0 0 0 0 0 0 0 0 0≥
ϕDC- 0 0 0 0 0 0 0 0 0≥
ϕDC+ 0 0 0 0 0 0 0 0 0≥
ϕDE- 0 0 0 0 0 0 0 0 0≥
ϕDE+ 0 0 0 0 0 0 0 0 1/18≥
ϕED- 0 0 0 0 0 0 0 0 0≥
ϕED+ 0 0 0 0 0 0 0 0 1/18≥
ϕBF- 0 0 0 0 0 0 0 0 0≥
ϕBF+ 0 0 0 0 0 0 0 0 0≥
ϕFB- 0 0 0 0 0 0 0 0 0≥
ϕFB+ 0 0 0 0 0 0 0 0 0≥
ϕGH- 0 0 0 0 0 0 0 0 0≥
ϕGH+ 0 0 0 0 0 0 0 0 0≥
ϕHD- 0 0 0 0 0 0 0 0 0≥
ϕHD+ 0 0 0 0 0 0 0 0 0≥
ϕDH- 0 0 0 0 0 0 0 0 0≥
ϕDH+ 0 0 0 0 0 0 0 0 0≥
LX 0 0 0 0 0 0 0 0 0≥
Max 13/6 13/6 0 4/9 13/6 13/6 2/9 7/6 -2/9=

Variabili soluzione dedotto il valore X-
X Y Z T S R
1 1 -7/6 -13/18 1 1
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Variabili soluzione differenza tra rotazioni

ϕAB 1/18
ϕBA 1/18
ϕBC 0
ϕCD 0
ϕDC 0
ϕDE 1/18
ϕED 1/18
ϕBF 0
ϕFB 0
ϕGH 0
ϕHD 0
ϕDH 0

REAZIONI Fattore di collasso = 2/9
HA = -2/3F
VA = -1/18F
WA = Fb
HE = -2/3F
VE = 41/18F
WE = Fb

HAB = -2/3F
VAB = -1/18F
WAB = Fb
HBA = 2/3F
VBA = 1/18F
WBA = Fb

HBC = 1/6F
VBC = -2/9F
WBC = -7/6Fb
HCB = -1/6F
VCB = 2/9F
WCB = 13/18Fb

HCD = 1/6F
VCD = -10/9F
WCD = -13/18Fb
HDC = -1/6F
VDC = 10/9F
WDC = -3/2Fb

HDE = 2/3F
VDE = -41/18F
WDE = Fb
HED = -2/3F
VED = 41/18F
WED = Fb

HBF = -7/18F
VBF = 1/6F
WBF = 1/6Fb
HFB = 7/18F
VFB = -1/6F
WFB = Fb

HFG = 1/2F
VFG = 1/6F
WFG = -Fb
HGF = -1/2F
VGF = -1/6F
WGF = 4/3Fb

HGH = 1/2F
VGH = -7/6F
WGH = -4/3Fb
HHG = -1/2F
VHG = 7/6F
WHG = -Fb

HHD = 1/2F
VHD = -7/6F
WHD = Fb
HDH = -1/2F
VDH = 7/6F
WDH = 1/2Fb

SPOSTAMENTI NODALI

uAAB = 0
vAAB = 0
ϕAAB = -1/18δ/b

uB = 1/6δ
vB = 0
ϕB = -1/18δ/b

uC = 1/6δ
vC = 0
ϕC = 0

uD = 1/6δ
vD = 0
ϕD = 0

uEED = 0
vEED = 0
ϕE = -1/18δ/b
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uF = 1/6δ
vF = 0
ϕF = 0

uG = 1/6δ
vG = 0
ϕG = 0

uH = 1/6δ
vH = 0
ϕH = 0

SPOSTAMENTI RIGIDI DELLE ASTE

uAAB = 0
vAAB = 0
ϕAAB = -1/18δ/b

uBBC = 1/6δ
vBBC = 0
ϕBBC = 0

uCCD = 1/6δ
vCCD = 0
ϕCCD = 0

uDDE = 1/6δ
vDDE = 0
ϕDDE = -1/18δ/b

uBBF = 1/6δ
vBBF = 0
ϕBBF = 0

uFFG = 1/6δ
vFFG = 0
ϕFFG = 0

uGGH = 1/6δ
vGGH = 0
ϕGGH = 0

uHHD = 1/6δ
vHHD = 0
ϕHHD = 0
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PROGRAMMAZIONE LINEARE
Sia Hij la matrice del simplesso, con m righe e n colonne.
Siano Pj le variabili primali di riga e Di le variabili duali di colonna, con 1≤j<n, 1≤i<m.
Siano a riga m i coefficienti della funzione obiettivo primale max Σj Hmj Pj, 1≤j<n.
Siano a colonna n i coefficienti della funzione obiettivo duale min Σi Hin Di, 1≤i<m.
Sequenza di operazioni pivotali:
1 Sia q  (1≤q<n) la colonna pivot con massimo valore Hmj in riga m.
2 Sia p  (1≤p<m) la riga pivot di colonna q, a coefficiente negativo Hiq, che minimizza il rapporto Hin/Hiq.
3 Si ottiene il coefficiente pivotale Hpq.
4 Si scambia la variabile primale Pq con la duale Dp.
5 Si ridefinisce il coefficiente pivotale Hpq=1/Hpq.
6 Si ridefiniscono i coefficienti della colonna pivot q: Hiq = Hpq Hiq, escluso il pivot Hpq.
7 Si ridefiniscono tutti i coefficienti della matrice, esclusa la riga p e la colonna q: Hij = Hij - Hiq Hpj.
8 Si ridefiniscono i coefficienti della riga pivot p: Hpj = - Hpq Hpj, escluso il pivot Hpq.
Si ripete il ciclo 1-8 sino a quando la funzione obiettivo di riga m ha solo coefficienti non-positivi.
Giunti a questo punto, si individua la soluzione.
Si hanno gli elementi non nulli del vettore soluzione primale, con segno cambiato, sulla colonna n dei
termini noti, in corrispondenza delle variabili Pj presenti sulla colonna di sinistra.
Si hanno gli elementi non nulli del vettore soluzione duale, con segno cambiato, sulla riga m
della funzione obiettivo, in corrispondenza delle variabili Di presenti sulla colonna superiore.

Programmazione lineare m=6,n=4
P1 P2 P3 MIN

D1 H11 H12 H13 H14≥
D2 H21 H22 H23 H24≥
D3 H31 H32 H33 H34≥
D4 H41 H42 H43 H44≥
D5 H51 H52 H53 H54≥
MAX H61 H62 H63 H64=
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SOLUZIONE DEL SIMPLESSO  X=WAB Y=WBA Z=WBC T=WCD S=WDE R=WFG

Tableau con variabili non vincolate in segno
X Y Z T S R αbF Fb

WAB- 1 0 0 0 0 0 0 -2≥
WAB+ 1 0 0 0 0 0 0 2≤
WBA- 0 1 0 0 0 0 0 -2≥
WBA+ 0 1 0 0 0 0 0 2≤
WBC- 0 0 1 0 0 0 0 -3/2≥
WBC+ 0 0 1 0 0 0 0 3/2≤
WCD- 0 0 0 1 0 0 0 -3/2≥
WCD+ 0 0 0 1 0 0 0 3/2≤
WDC- 0 0 1 -2 0 0 -12 -3/2≥
WDC+ 0 0 1 -2 0 0 -12 3/2≤
WDE- 0 0 0 0 1 0 0 -2≥
WDE+ 0 0 0 0 1 0 0 2≤
WED- -1 -1 0 0 -1 0 9 -2≥
WED+ -1 -1 0 0 -1 0 9 2≤
WBF- 0 -1 -1 0 0 0 0 -2≥
WBF+ 0 -1 -1 0 0 0 0 2≤
WFG- 0 0 0 0 0 1 0 -3/2≥
WFG+ 0 0 0 0 0 1 0 3/2≤
WGH- 0 1/2 1 -1 1/2 1 -7 -3/2≥
WGH+ 0 1/2 1 -1 1/2 1 -7 3/2≤
WHG- 0 -1 -2 2 -1 -1 6 -3/2≥
WHG+ 0 -1 -2 2 -1 -1 6 3/2≤
WDH- 0 0 -1 2 -1 0 12 -2≥
WDH+ 0 0 -1 2 -1 0 12 2≤
Max 0 0 0 0 0 0 1 0=
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Tableau con variabili non vincolate in segno
X Y Z T S R αbF Fb

WAB- 1 0 0 0 0 0 0 -2≥
WAB+ -1 0 0 0 0 0 0 -2≥
WBA- 0 1 0 0 0 0 0 -2≥
WBA+ 0 -1 0 0 0 0 0 -2≥
WBC- 0 0 1 0 0 0 0 -3/2≥
WBC+ 0 0 -1 0 0 0 0 -3/2≥
WCD- 0 0 0 1 0 0 0 -3/2≥
WCD+ 0 0 0 -1 0 0 0 -3/2≥
WDC- 0 0 1 -2 0 0 -12 -3/2≥
WDC+ 0 0 -1 2 0 0 12 -3/2≥
WDE- 0 0 0 0 1 0 0 -2≥
WDE+ 0 0 0 0 -1 0 0 -2≥
WED- -1 -1 0 0 -1 0 9 -2≥
WED+ 1 1 0 0 1 0 -9 -2≥
WBF- 0 -1 -1 0 0 0 0 -2≥
WBF+ 0 1 1 0 0 0 0 -2≥
WFG- 0 0 0 0 0 1 0 -3/2≥
WFG+ 0 0 0 0 0 -1 0 -3/2≥
WGH- 0 1/2 1 -1 1/2 1 -7 -3/2≥
WGH+ 0 -1/2 -1 1 -1/2 -1 7 -3/2≥
WHG- 0 -1 -2 2 -1 -1 6 -3/2≥
WHG+ 0 1 2 -2 1 1 -6 -3/2≥
WDH- 0 0 -1 2 -1 0 12 -2≥
WDH+ 0 0 1 -2 1 0 -12 -2≥
Max 0 0 0 0 0 0 1 0=
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Tableau con variabili vincolate in segno
X+ Y+ Z+ T+ S+ R+ X- Y- Z- T- S- R- αbF Fb

WAB- 1 0 0 0 0 0 -1 0 0 0 0 0 0 -2≥
WAB+ -1 0 0 0 0 0 1 0 0 0 0 0 0 -2≤
WBA- 0 1 0 0 0 0 0 -1 0 0 0 0 0 -2≥
WBA+ 0 -1 0 0 0 0 0 1 0 0 0 0 0 -2≤
WBC- 0 0 1 0 0 0 0 0 -1 0 0 0 0 -3/2≥
WBC+ 0 0 -1 0 0 0 0 0 1 0 0 0 0 -3/2≤
WCD- 0 0 0 1 0 0 0 0 0 -1 0 0 0 -3/2≥
WCD+ 0 0 0 -1 0 0 0 0 0 1 0 0 0 -3/2≤
WDC- 0 0 1 -2 0 0 0 0 -1 2 0 0 -12 -3/2≥
WDC+ 0 0 -1 2 0 0 0 0 1 -2 0 0 12 -3/2≤
WDE- 0 0 0 0 1 0 0 0 0 0 -1 0 0 -2≥
WDE+ 0 0 0 0 -1 0 0 0 0 0 1 0 0 -2≤
WED- -1 -1 0 0 -1 0 1 1 0 0 1 0 9 -2≥
WED+ 1 1 0 0 1 0 -1 -1 0 0 -1 0 -9 -2≤
WBF- 0 -1 -1 0 0 0 0 1 1 0 0 0 0 -2≥
WBF+ 0 1 1 0 0 0 0 -1 -1 0 0 0 0 -2≤
WFG- 0 0 0 0 0 1 0 0 0 0 0 -1 0 -3/2≥
WFG+ 0 0 0 0 0 -1 0 0 0 0 0 1 0 -3/2≤
WGH- 0 1/2 1 -1 1/2 1 0 -1/2 -1 1 -1/2 -1 -7 -3/2≥
WGH+ 0 -1/2 -1 1 -1/2 -1 0 1/2 1 -1 1/2 1 7 -3/2≤
WHG- 0 -1 -2 2 -1 -1 0 1 2 -2 1 1 6 -3/2≥
WHG+ 0 1 2 -2 1 1 0 -1 -2 2 -1 -1 -6 -3/2≤
WDH- 0 0 -1 2 -1 0 0 0 1 -2 1 0 12 -2≥
WDH+ 0 0 1 -2 1 0 0 0 -1 2 -1 0 -12 -2≤
Max 0 0 0 0 0 0 0 0 0 0 0 0 1 0=
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Tableau a variabili negative su X- e limitate
X Y Z T S R αbF X- Fb

ϕAB- 1 0 0 0 0 0 0 -1 -2≥
ϕAB+ -1 0 0 0 0 0 0 1 -2≥
ϕBA- 0 1 0 0 0 0 0 -1 -2≥
ϕBA+ 0 -1 0 0 0 0 0 1 -2≥
ϕBC- 0 0 1 0 0 0 0 -1 -3/2≥
ϕBC+ 0 0 -1 0 0 0 0 1 -3/2≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
ϕDC- 0 0 1 -2 0 0 -12 1 -3/2≥
ϕDC+ 0 0 -1 2 0 0 12 -1 -3/2≥
ϕDE- 0 0 0 0 1 0 0 -1 -2≥
ϕDE+ 0 0 0 0 -1 0 0 1 -2≥
ϕED- -1 -1 0 0 -1 0 9 3 -2≥
ϕED+ 1 1 0 0 1 0 -9 -3 -2≥
ϕBF- 0 -1 -1 0 0 0 0 2 -2≥
ϕBF+ 0 1 1 0 0 0 0 -2 -2≥
ϕFG- 0 0 0 0 0 1 0 -1 -3/2≥
ϕFG+ 0 0 0 0 0 -1 0 1 -3/2≥
ϕGH- 0 1/2 1 -1 1/2 1 -7 -2 -3/2≥
ϕGH+ 0 -1/2 -1 1 -1/2 -1 7 2 -3/2≥
ϕHG- 0 -1 -2 2 -1 -1 6 3 -3/2≥
ϕHG+ 0 1 2 -2 1 1 -6 -3 -3/2≥
ϕDH- 0 0 -1 2 -1 0 12 0 -2≥
ϕDH+ 0 0 1 -2 1 0 -12 0 -2≥
LX 0 0 0 0 0 0 0 -1 -2≥
Max 0 0 0 0 0 0 1 0 0=
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Scambio pivotale 9-7
X Y Z T S R ϕDC- X- Fb

ϕAB- 1 0 0 0 0 0 0 -1 -2≥
ϕAB+ -1 0 0 0 0 0 0 1 -2≥
ϕBA- 0 1 0 0 0 0 0 -1 -2≥
ϕBA+ 0 -1 0 0 0 0 0 1 -2≥
ϕBC- 0 0 1 0 0 0 0 -1 -3/2≥
ϕBC+ 0 0 -1 0 0 0 0 1 -3/2≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
αbF 0 0 1/12 -1/6 0 0 -1/12 1/12 -1/8≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 0 0 0 1 0 0 -1 -2≥
ϕDE+ 0 0 0 0 -1 0 0 1 -2≥
ϕED- -1 -1 3/4 -3/2 -1 0 -3/4 15/4 -25/8≥
ϕED+ 1 1 -3/4 3/2 1 0 3/4 -15/4 -7/8≥
ϕBF- 0 -1 -1 0 0 0 0 2 -2≥
ϕBF+ 0 1 1 0 0 0 0 -2 -2≥
ϕFG- 0 0 0 0 0 1 0 -1 -3/2≥
ϕFG+ 0 0 0 0 0 -1 0 1 -3/2≥
ϕGH- 0 1/2 5/12 1/6 1/2 1 7/12 -31/12 -5/8≥
ϕGH+ 0 -1/2 -5/12 -1/6 -1/2 -1 -7/12 31/12 -19/8≥
ϕHG- 0 -1 -3/2 1 -1 -1 -1/2 7/2 -9/4≥
ϕHG+ 0 1 3/2 -1 1 1 1/2 -7/2 -3/4≥
ϕDH- 0 0 0 0 -1 0 -1 1 -7/2≥
ϕDH+ 0 0 0 0 1 0 1 -1 -1/2≥
LX 0 0 0 0 0 0 0 -1 -2≥
Max 0 0 1/12 -1/6 0 0 -1/12 1/12 -1/8=
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Scambio pivotale 14-3
X Y ϕED+ T S R ϕDC- X- Fb

ϕAB- 1 0 0 0 0 0 0 -1 -2≥
ϕAB+ -1 0 0 0 0 0 0 1 -2≥
ϕBA- 0 1 0 0 0 0 0 -1 -2≥
ϕBA+ 0 -1 0 0 0 0 0 1 -2≥
ϕBC- 4/3 4/3 -4/3 2 4/3 0 1 -6 -8/3≥
ϕBC+ -4/3 -4/3 4/3 -2 -4/3 0 -1 6 -1/3≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
αbF 1/9 1/9 -1/9 0 1/9 0 0 -1/3 -2/9≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 0 0 0 1 0 0 -1 -2≥
ϕDE+ 0 0 0 0 -1 0 0 1 -2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z 4/3 4/3 -4/3 2 4/3 0 1 -5 -7/6≥
ϕBF- -4/3 -7/3 4/3 -2 -4/3 0 -1 7 -5/6≥
ϕBF+ 4/3 7/3 -4/3 2 4/3 0 1 -7 -19/6≥
ϕFG- 0 0 0 0 0 1 0 -1 -3/2≥
ϕFG+ 0 0 0 0 0 -1 0 1 -3/2≥
ϕGH- 5/9 19/18 -5/9 1 19/18 1 1 -14/3 -10/9≥
ϕGH+ -5/9 -19/18 5/9 -1 -19/18 -1 -1 14/3 -17/9≥
ϕHG- -2 -3 2 -2 -3 -1 -2 11 -1/2≥
ϕHG+ 2 3 -2 2 3 1 2 -11 -5/2≥
ϕDH- 0 0 0 0 -1 0 -1 1 -7/2≥
ϕDH+ 0 0 0 0 1 0 1 -1 -1/2≥
LX 0 0 0 0 0 0 0 -1 -2≥
Max 1/9 1/9 -1/9 0 1/9 0 0 -1/3 -2/9=
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Scambio pivotale 6-1
ϕBC+ Y ϕED+ T S R ϕDC- X- Fb

ϕAB- -3/4 -1 1 -3/2 -1 0 -3/4 7/2 -9/4≥
ϕAB+ 3/4 1 -1 3/2 1 0 3/4 -7/2 -7/4≥
ϕBA- 0 1 0 0 0 0 0 -1 -2≥
ϕBA+ 0 -1 0 0 0 0 0 1 -2≥
ϕBC- -1 0 0 0 0 0 0 0 -3≥
X -3/4 -1 1 -3/2 -1 0 -3/4 9/2 -1/4≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
αbF -1/12 0 0 -1/6 0 0 -1/12 1/6 -1/4≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 0 0 0 1 0 0 -1 -2≥
ϕDE+ 0 0 0 0 -1 0 0 1 -2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z -1 0 0 0 0 0 0 1 -3/2≥
ϕBF- 1 -1 0 0 0 0 0 1 -1/2≥
ϕBF+ -1 1 0 0 0 0 0 -1 -7/2≥
ϕFG- 0 0 0 0 0 1 0 -1 -3/2≥
ϕFG+ 0 0 0 0 0 -1 0 1 -3/2≥
ϕGH- -5/12 1/2 0 1/6 1/2 1 7/12 -13/6 -5/4≥
ϕGH+ 5/12 -1/2 0 -1/6 -1/2 -1 -7/12 13/6 -7/4≥
ϕHG- 3/2 -1 0 1 -1 -1 -1/2 2 0≥
ϕHG+ -3/2 1 0 -1 1 1 1/2 -2 -3≥
ϕDH- 0 0 0 0 -1 0 -1 1 -7/2≥
ϕDH+ 0 0 0 0 1 0 1 -1 -1/2≥
LX 0 0 0 0 0 0 0 -1 -2≥
Max -1/12 0 0 -1/6 0 0 -1/12 1/6 -1/4=
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Scambio pivotale 2-8
ϕBC+ Y ϕED+ T S R ϕDC- ϕAB+ Fb

ϕAB- 0 0 0 0 0 0 0 -1 -4≥
X- 3/14 2/7 -2/7 3/7 2/7 0 3/14 -2/7 -1/2≥
ϕBA- -3/14 5/7 2/7 -3/7 -2/7 0 -3/14 2/7 -3/2≥
ϕBA+ 3/14 -5/7 -2/7 3/7 2/7 0 3/14 -2/7 -5/2≥
ϕBC- -1 0 0 0 0 0 0 0 -3≥
X 3/14 2/7 -2/7 3/7 2/7 0 3/14 -9/7 -5/2≥
ϕCD- -3/14 -2/7 2/7 4/7 -2/7 0 -3/14 2/7 -1≥
ϕCD+ 3/14 2/7 -2/7 -4/7 2/7 0 3/14 -2/7 -2≥
αbF -1/21 1/21 -1/21 -2/21 1/21 0 -1/21 -1/21 -1/3≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- -3/14 -2/7 2/7 -3/7 5/7 0 -3/14 2/7 -3/2≥
ϕDE+ 3/14 2/7 -2/7 3/7 -5/7 0 3/14 -2/7 -5/2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z -11/14 2/7 -2/7 3/7 2/7 0 3/14 -2/7 -2≥
ϕBF- 17/14 -5/7 -2/7 3/7 2/7 0 3/14 -2/7 -1≥
ϕBF+ -17/14 5/7 2/7 -3/7 -2/7 0 -3/14 2/7 -3≥
ϕFG- -3/14 -2/7 2/7 -3/7 -2/7 1 -3/14 2/7 -1≥
ϕFG+ 3/14 2/7 -2/7 3/7 2/7 -1 3/14 -2/7 -2≥
ϕGH- -37/42 -5/42 13/21 -16/21 -5/42 1 5/42 13/21 -1/6≥
ϕGH+ 37/42 5/42 -13/21 16/21 5/42 -1 -5/42 -13/21 -17/6≥
ϕHG- 27/14 -3/7 -4/7 13/7 -3/7 -1 -1/14 -4/7 -1≥
ϕHG+ -27/14 3/7 4/7 -13/7 3/7 1 1/14 4/7 -2≥
ϕDH- 3/14 2/7 -2/7 3/7 -5/7 0 -11/14 -2/7 -4≥
ϕDH+ -3/14 -2/7 2/7 -3/7 5/7 0 11/14 2/7 0≥
LX -3/14 -2/7 2/7 -3/7 -2/7 0 -3/14 2/7 -3/2≥
Max -1/21 1/21 -1/21 -2/21 1/21 0 -1/21 -1/21 -1/3=
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Scambio pivotale 24-2
ϕBC+ ϕDH+ ϕED+ T S R ϕDC- ϕAB+ Fb

ϕAB- 0 0 0 0 0 0 0 -1 -4≥
X- 0 -1 0 0 1 0 1 0 -1/2≥
ϕBA- -3/4 -5/2 1 -3/2 3/2 0 7/4 1 -3/2≥
ϕBA+ 3/4 5/2 -1 3/2 -3/2 0 -7/4 -1 -5/2≥
ϕBC- -1 0 0 0 0 0 0 0 -3≥
X 0 -1 0 0 1 0 1 -1 -5/2≥
ϕCD- 0 1 0 1 -1 0 -1 0 -1≥
ϕCD+ 0 -1 0 -1 1 0 1 0 -2≥
αbF -1/12 -1/6 0 -1/6 1/6 0 1/12 0 -1/3≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 1 0 0 0 0 -1 0 -3/2≥
ϕDE+ 0 -1 0 0 0 0 1 0 -5/2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z -1 -1 0 0 1 0 1 0 -2≥
ϕBF- 7/4 5/2 -1 3/2 -3/2 0 -7/4 -1 -1≥
ϕBF+ -7/4 -5/2 1 -3/2 3/2 0 7/4 1 -3≥
ϕFG- 0 1 0 0 -1 1 -1 0 -1≥
ϕFG+ 0 -1 0 0 1 -1 1 0 -2≥
ϕGH- -19/24 5/12 1/2 -7/12 -5/12 1 -5/24 1/2 -1/6≥
ϕGH+ 19/24 -5/12 -1/2 7/12 5/12 -1 5/24 -1/2 -17/6≥
ϕHG- 9/4 3/2 -1 5/2 -3/2 -1 -5/4 -1 -1≥
ϕHG+ -9/4 -3/2 1 -5/2 3/2 1 5/4 1 -2≥
ϕDH- 0 -1 0 0 0 0 0 0 -4≥
Y -3/4 -7/2 1 -3/2 5/2 0 11/4 1 0≥
LX 0 1 0 0 -1 0 -1 0 -3/2≥
Max -1/12 -1/6 0 -1/6 1/6 0 1/12 0 -1/3=
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Scambio pivotale 19-5
ϕBC+ ϕDH+ ϕED+ T ϕGH- R ϕDC- ϕAB+ Fb

ϕAB- 0 0 0 0 0 0 0 -1 -4≥
X- -19/10 0 6/5 -7/5 -12/5 12/5 1/2 6/5 -9/10≥
ϕBA- -18/5 -1 14/5 -18/5 -18/5 18/5 1 14/5 -21/10≥
ϕBA+ 18/5 1 -14/5 18/5 18/5 -18/5 -1 -14/5 -19/10≥
ϕBC- -1 0 0 0 0 0 0 0 -3≥
X -19/10 0 6/5 -7/5 -12/5 12/5 1/2 1/5 -29/10≥
ϕCD- 19/10 0 -6/5 12/5 12/5 -12/5 -1/2 -6/5 -3/5≥
ϕCD+ -19/10 0 6/5 -12/5 -12/5 12/5 1/2 6/5 -12/5≥
αbF -2/5 0 1/5 -2/5 -2/5 2/5 0 1/5 -2/5≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 1 0 0 0 0 -1 0 -3/2≥
ϕDE+ 0 -1 0 0 0 0 1 0 -5/2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z -29/10 0 6/5 -7/5 -12/5 12/5 1/2 6/5 -12/5≥
ϕBF- 23/5 1 -14/5 18/5 18/5 -18/5 -1 -14/5 -2/5≥
ϕBF+ -23/5 -1 14/5 -18/5 -18/5 18/5 1 14/5 -18/5≥
ϕFG- 19/10 0 -6/5 7/5 12/5 -7/5 -1/2 -6/5 -3/5≥
ϕFG+ -19/10 0 6/5 -7/5 -12/5 7/5 1/2 6/5 -12/5≥
S -19/10 1 6/5 -7/5 -12/5 12/5 -1/2 6/5 -2/5≥
ϕGH+ 0 0 0 0 -1 0 0 0 -3≥
ϕHG- 51/10 0 -14/5 23/5 18/5 -23/5 -1/2 -14/5 -2/5≥
ϕHG+ -51/10 0 14/5 -23/5 -18/5 23/5 1/2 14/5 -13/5≥
ϕDH- 0 -1 0 0 0 0 0 0 -4≥
Y -11/2 -1 4 -5 -6 6 3/2 4 -1≥
LX 19/10 0 -6/5 7/5 12/5 -12/5 -1/2 -6/5 -11/10≥
Max -2/5 0 1/5 -2/5 -2/5 2/5 0 1/5 -2/5=
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Scambio pivotale 21-6
ϕBC+ ϕDH+ ϕED+ T ϕGH- ϕHG- ϕDC- ϕAB+ Fb

ϕAB- 0 0 0 0 0 0 0 -1 -4≥
X- 35/46 0 -6/23 1 -12/23 -12/23 11/46 -6/23 -51/46≥
ϕBA- 9/23 -1 14/23 0 -18/23 -18/23 14/23 14/23 -111/46≥
ϕBA+ -9/23 1 -14/23 0 18/23 18/23 -14/23 -14/23 -73/46≥
ϕBC- -1 0 0 0 0 0 0 0 -3≥
X 35/46 0 -6/23 1 -12/23 -12/23 11/46 -29/23 -143/46≥
ϕCD- -35/46 0 6/23 0 12/23 12/23 -11/46 6/23 -9/23≥
ϕCD+ 35/46 0 -6/23 0 -12/23 -12/23 11/46 -6/23 -60/23≥
αbF 1/23 0 -1/23 0 -2/23 -2/23 -1/23 -1/23 -10/23≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 1 0 0 0 0 -1 0 -3/2≥
ϕDE+ 0 -1 0 0 0 0 1 0 -5/2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z -11/46 0 -6/23 1 -12/23 -12/23 11/46 -6/23 -60/23≥
ϕBF- 14/23 1 -14/23 0 18/23 18/23 -14/23 -14/23 -2/23≥
ϕBF+ -14/23 -1 14/23 0 -18/23 -18/23 14/23 14/23 -90/23≥
ϕFG- 8/23 0 -8/23 0 30/23 7/23 -8/23 -8/23 -11/23≥
ϕFG+ -8/23 0 8/23 0 -30/23 -7/23 8/23 8/23 -58/23≥
S 35/46 1 -6/23 1 -12/23 -12/23 -35/46 -6/23 -14/23≥
ϕGH+ 0 0 0 0 -1 0 0 0 -3≥
R 51/46 0 -14/23 1 18/23 -5/23 -5/46 -14/23 -2/23≥
ϕHG+ 0 0 0 0 0 -1 0 0 -3≥
ϕDH- 0 -1 0 0 0 0 0 0 -4≥
Y 53/46 -1 8/23 1 -30/23 -30/23 39/46 8/23 -35/23≥
LX -35/46 0 6/23 -1 12/23 12/23 -11/46 6/23 -41/46≥
Max 1/23 0 -1/23 0 -2/23 -2/23 -1/23 -1/23 -10/23=
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Scambio pivotale 7-1
ϕCD- ϕDH+ ϕED+ T ϕGH- ϕHG- ϕDC- ϕAB+ Fb

ϕAB- 0 0 0 0 0 0 0 -1 -4≥
X- -1 0 0 1 0 0 0 0 -3/2≥
ϕBA- -18/35 -1 26/35 0 -18/35 -18/35 17/35 26/35 -183/70≥
ϕBA+ 18/35 1 -26/35 0 18/35 18/35 -17/35 -26/35 -97/70≥
ϕBC- 46/35 0 -12/35 0 -24/35 -24/35 11/35 -12/35 -87/35≥
X -1 0 0 1 0 0 0 -1 -7/2≥
ϕBC+ -46/35 0 12/35 0 24/35 24/35 -11/35 12/35 -18/35≥
ϕCD+ -1 0 0 0 0 0 0 0 -3≥
αbF -2/35 0 -1/35 0 -2/35 -2/35 -2/35 -1/35 -16/35≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 1 0 0 0 0 -1 0 -3/2≥
ϕDE+ 0 -1 0 0 0 0 1 0 -5/2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z 11/35 0 -12/35 1 -24/35 -24/35 11/35 -12/35 -87/35≥
ϕBF- -4/5 1 -2/5 0 6/5 6/5 -4/5 -2/5 -2/5≥
ϕBF+ 4/5 -1 2/5 0 -6/5 -6/5 4/5 2/5 -18/5≥
ϕFG- -16/35 0 -8/35 0 54/35 19/35 -16/35 -8/35 -23/35≥
ϕFG+ 16/35 0 8/35 0 -54/35 -19/35 16/35 8/35 -82/35≥
S -1 1 0 1 0 0 -1 0 -1≥
ϕGH+ 0 0 0 0 -1 0 0 0 -3≥
R -51/35 0 -8/35 1 54/35 19/35 -16/35 -8/35 -23/35≥
ϕHG+ 0 0 0 0 0 -1 0 0 -3≥
ϕDH- 0 -1 0 0 0 0 0 0 -4≥
Y -53/35 -1 26/35 1 -18/35 -18/35 17/35 26/35 -74/35≥
LX 1 0 0 -1 0 0 0 0 -1/2≥
Max -2/35 0 -1/35 0 -2/35 -2/35 -2/35 -1/35 -16/35=
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Tableau finale
ϕCD- ϕDH+ ϕED+ T ϕGH- ϕHG- ϕDC- ϕAB+ Fb

ϕAB- 0 0 0 0 0 0 0 -1 -4≥
X- -1 0 0 1 0 0 0 0 -3/2≥
ϕBA- -18/35 -1 26/35 0 -18/35 -18/35 17/35 26/35 -183/70≥
ϕBA+ 18/35 1 -26/35 0 18/35 18/35 -17/35 -26/35 -97/70≥
ϕBC- 46/35 0 -12/35 0 -24/35 -24/35 11/35 -12/35 -87/35≥
X -1 0 0 1 0 0 0 -1 -7/2≥
ϕBC+ -46/35 0 12/35 0 24/35 24/35 -11/35 12/35 -18/35≥
ϕCD+ -1 0 0 0 0 0 0 0 -3≥
αbF -2/35 0 -1/35 0 -2/35 -2/35 -2/35 -1/35 -16/35≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 1 0 0 0 0 -1 0 -3/2≥
ϕDE+ 0 -1 0 0 0 0 1 0 -5/2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z 11/35 0 -12/35 1 -24/35 -24/35 11/35 -12/35 -87/35≥
ϕBF- -4/5 1 -2/5 0 6/5 6/5 -4/5 -2/5 -2/5≥
ϕBF+ 4/5 -1 2/5 0 -6/5 -6/5 4/5 2/5 -18/5≥
ϕFG- -16/35 0 -8/35 0 54/35 19/35 -16/35 -8/35 -23/35≥
ϕFG+ 16/35 0 8/35 0 -54/35 -19/35 16/35 8/35 -82/35≥
S -1 1 0 1 0 0 -1 0 -1≥
ϕGH+ 0 0 0 0 -1 0 0 0 -3≥
R -51/35 0 -8/35 1 54/35 19/35 -16/35 -8/35 -23/35≥
ϕHG+ 0 0 0 0 0 -1 0 0 -3≥
ϕDH- 0 -1 0 0 0 0 0 0 -4≥
Y -53/35 -1 26/35 1 -18/35 -18/35 17/35 26/35 -74/35≥
LX 1 0 0 -1 0 0 0 0 -1/2≥
Max -2/35 0 -1/35 0 -2/35 -2/35 -2/35 -1/35 -16/35=
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Vettori soluzione della programmazione lineare
X Y Z T S R αbF X- Fb

ϕAB- 0 0 0 0 0 0 0 0 0≥
ϕAB+ 0 0 0 0 0 0 0 0 1/35≥
ϕBA- 0 0 0 0 0 0 0 0 0≥
ϕBA+ 0 0 0 0 0 0 0 0 0≥
ϕBC- 0 0 0 0 0 0 0 0 0≥
ϕBC+ 0 0 0 0 0 0 0 0 0≥
ϕCD- 0 0 0 0 0 0 0 0 2/35≥
ϕCD+ 0 0 0 0 0 0 0 0 0≥
ϕDC- 0 0 0 0 0 0 0 0 2/35≥
ϕDC+ 0 0 0 0 0 0 0 0 0≥
ϕDE- 0 0 0 0 0 0 0 0 0≥
ϕDE+ 0 0 0 0 0 0 0 0 0≥
ϕED- 0 0 0 0 0 0 0 0 0≥
ϕED+ 0 0 0 0 0 0 0 0 1/35≥
ϕBF- 0 0 0 0 0 0 0 0 0≥
ϕBF+ 0 0 0 0 0 0 0 0 0≥
ϕFG- 0 0 0 0 0 0 0 0 0≥
ϕFG+ 0 0 0 0 0 0 0 0 0≥
ϕGH- 0 0 0 0 0 0 0 0 2/35≥
ϕGH+ 0 0 0 0 0 0 0 0 0≥
ϕHG- 0 0 0 0 0 0 0 0 2/35≥
ϕHG+ 0 0 0 0 0 0 0 0 0≥
ϕDH- 0 0 0 0 0 0 0 0 0≥
ϕDH+ 0 0 0 0 0 0 0 0 0≥
LX 0 0 0 0 0 0 0 0 0≥
Max 7/2 74/35 87/35 0 1 23/35 16/35 3/2 -16/35=

Variabili soluzione dedotto il valore X-
X Y Z T S R
2 43/70 69/70 -3/2 -1/2 -59/70
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Variabili soluzione differenza tra rotazioni

ϕAB 1/35
ϕBA 0
ϕBC 0
ϕCD -2/35
ϕDC -2/35
ϕDE 0
ϕED 1/35
ϕBF 0
ϕFG 0
ϕGH -2/35
ϕHG -2/35
ϕDH 0

REAZIONI Fattore di collasso = 16/35
HA = -61/70F
VA = 11/7F
WA = 2Fb
HE = -1/2F
VE = 3F
WE = 2Fb

HAB = -61/70F
VAB = 11/7F
WAB = 2Fb
HBA = 61/70F
VBA = -11/7F
WBA = 43/70Fb

HBC = -2/3F
VBC = 87/70F
WBC = 69/70Fb
HCB = 2/3F
VCB = -87/70F
WCB = 3/2Fb

HCD = -2/3F
VCD = -3/2F
WCD = -3/2Fb
HDC = 2/3F
VDC = 3/2F
WDC = -3/2Fb

HDE = 1/2F
VDE = -3F
WDE = -1/2Fb
HED = -1/2F
VED = 3F
WED = 2Fb

HBF = 53/210F
VBF = 23/70F
WBF = -8/5Fb
HFB = -53/210F
VFB = -23/70F
WFB = 59/70Fb

HFG = 7/6F
VFG = 23/70F
WFG = -59/70Fb
HGF = -7/6F
VGF = -23/70F
WGF = 3/2Fb

HGH = 7/6F
VGH = -3/2F
WGH = -3/2Fb
HHG = -7/6F
VHG = 3/2F
WHG = -3/2Fb

HHD = 7/6F
VHD = -3/2F
WHD = 3/2Fb
HDH = -7/6F
VDH = 3/2F
WDH = 2Fb

SPOSTAMENTI NODALI

uAAB = 0
vAAB = 0
ϕAAB = -1/35δ/b

uB = 3/35δ
vB = 0
ϕB = -1/35δ/b

uCCB = 3/35δ
vCCB = -2/35δ
ϕCCB = -1/35δ/b

uD = 3/35δ
vD = 0
ϕD = 1/35δ/b

uEED = 0
vEED = 0
ϕE = -1/35δ/b
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uF = 6/35δ
vF = 0
ϕF = -1/35δ/b

uGGF = 6/35δ
vGGF = -2/35δ
ϕGGF = -1/35δ/b

uHHG = 6/35δ
vHHG = 0
ϕHHD = 1/35δ/b

SPOSTAMENTI RIGIDI DELLE ASTE

uAAB = 0
vAAB = 0
ϕAAB = -1/35δ/b

uBBC = 3/35δ
vBBC = 0
ϕBBC = -1/35δ/b

uCCD = 3/35δ
vCCD = -2/35δ
ϕCCD = 1/35δ/b

uDDE = 3/35δ
vDDE = 0
ϕDDE = -1/35δ/b

uBBF = 3/35δ
vBBF = 0
ϕBBF = -1/35δ/b

uFFG = 6/35δ
vFFG = 0
ϕFFG = -1/35δ/b

uGGH = 6/35δ
vGGH = -2/35δ
ϕGGH = 1/35δ/b

uHHD = 6/35δ
vHHD = 0
ϕHHD = -1/35δ/b
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PROGRAMMAZIONE LINEARE
Sia Hij la matrice del simplesso, con m righe e n colonne.
Siano Pj le variabili primali di riga e Di le variabili duali di colonna, con 1≤j<n, 1≤i<m.
Siano a riga m i coefficienti della funzione obiettivo primale max Σj Hmj Pj, 1≤j<n.
Siano a colonna n i coefficienti della funzione obiettivo duale min Σi Hin Di, 1≤i<m.
Sequenza di operazioni pivotali:
1 Sia q  (1≤q<n) la colonna pivot con massimo valore Hmj in riga m.
2 Sia p  (1≤p<m) la riga pivot di colonna q, a coefficiente negativo Hiq, che minimizza il rapporto Hin/Hiq.
3 Si ottiene il coefficiente pivotale Hpq.
4 Si scambia la variabile primale Pq con la duale Dp.
5 Si ridefinisce il coefficiente pivotale Hpq=1/Hpq.
6 Si ridefiniscono i coefficienti della colonna pivot q: Hiq = Hpq Hiq, escluso il pivot Hpq.
7 Si ridefiniscono tutti i coefficienti della matrice, esclusa la riga p e la colonna q: Hij = Hij - Hiq Hpj.
8 Si ridefiniscono i coefficienti della riga pivot p: Hpj = - Hpq Hpj, escluso il pivot Hpq.
Si ripete il ciclo 1-8 sino a quando la funzione obiettivo di riga m ha solo coefficienti non-positivi.
Giunti a questo punto, si individua la soluzione.
Si hanno gli elementi non nulli del vettore soluzione primale, con segno cambiato, sulla colonna n dei
termini noti, in corrispondenza delle variabili Pj presenti sulla colonna di sinistra.
Si hanno gli elementi non nulli del vettore soluzione duale, con segno cambiato, sulla riga m
della funzione obiettivo, in corrispondenza delle variabili Di presenti sulla colonna superiore.

Programmazione lineare m=6,n=4
P1 P2 P3 MIN

D1 H11 H12 H13 H14≥
D2 H21 H22 H23 H24≥
D3 H31 H32 H33 H34≥
D4 H41 H42 H43 H44≥
D5 H51 H52 H53 H54≥
MAX H61 H62 H63 H64=
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SOLUZIONE DEL SIMPLESSO  X=WAB Y=WBA Z=WBC T=WCD S=WDE R=WFB

Tableau con variabili non vincolate in segno
X Y Z T S R αbF Fb

WAB- 1 0 0 0 0 0 0 -1≥
WAB+ 1 0 0 0 0 0 0 1≤
WBA- 0 1 0 0 0 0 0 -1≥
WBA+ 0 1 0 0 0 0 0 1≤
WBC- 0 0 1 0 0 0 0 -3/2≥
WBC+ 0 0 1 0 0 0 0 3/2≤
WCD- 0 0 0 1 0 0 0 -3/2≥
WCD+ 0 0 0 1 0 0 0 3/2≤
WDC- 0 0 1 -2 0 0 -8 -3/2≥
WDC+ 0 0 1 -2 0 0 -8 3/2≤
WDE- 0 0 0 0 1 0 0 -1≥
WDE+ 0 0 0 0 1 0 0 1≤
WED- -1 -1 0 0 -1 0 18 -1≥
WED+ -1 -1 0 0 -1 0 18 1≤
WBF- 0 -1 -1 0 0 0 0 -1≥
WBF+ 0 -1 -1 0 0 0 0 1≤
WFB- 0 0 0 0 0 1 0 -1≥
WFB+ 0 0 0 0 0 1 0 1≤
WGH- 0 1/2 1 -1 1/2 -1 -4 -3/2≥
WGH+ 0 1/2 1 -1 1/2 -1 -4 3/2≤
WHD- 0 1 2 -2 1 -1 4 -1≥
WHD+ 0 1 2 -2 1 -1 4 1≤
WDH- 0 0 -1 2 -1 0 8 -1≥
WDH+ 0 0 -1 2 -1 0 8 1≤
Max 0 0 0 0 0 0 1 0=
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Tableau con variabili non vincolate in segno
X Y Z T S R αbF Fb

WAB- 1 0 0 0 0 0 0 -1≥
WAB+ -1 0 0 0 0 0 0 -1≥
WBA- 0 1 0 0 0 0 0 -1≥
WBA+ 0 -1 0 0 0 0 0 -1≥
WBC- 0 0 1 0 0 0 0 -3/2≥
WBC+ 0 0 -1 0 0 0 0 -3/2≥
WCD- 0 0 0 1 0 0 0 -3/2≥
WCD+ 0 0 0 -1 0 0 0 -3/2≥
WDC- 0 0 1 -2 0 0 -8 -3/2≥
WDC+ 0 0 -1 2 0 0 8 -3/2≥
WDE- 0 0 0 0 1 0 0 -1≥
WDE+ 0 0 0 0 -1 0 0 -1≥
WED- -1 -1 0 0 -1 0 18 -1≥
WED+ 1 1 0 0 1 0 -18 -1≥
WBF- 0 -1 -1 0 0 0 0 -1≥
WBF+ 0 1 1 0 0 0 0 -1≥
WFB- 0 0 0 0 0 1 0 -1≥
WFB+ 0 0 0 0 0 -1 0 -1≥
WGH- 0 1/2 1 -1 1/2 -1 -4 -3/2≥
WGH+ 0 -1/2 -1 1 -1/2 1 4 -3/2≥
WHD- 0 1 2 -2 1 -1 4 -1≥
WHD+ 0 -1 -2 2 -1 1 -4 -1≥
WDH- 0 0 -1 2 -1 0 8 -1≥
WDH+ 0 0 1 -2 1 0 -8 -1≥
Max 0 0 0 0 0 0 1 0=
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Tableau con variabili vincolate in segno
X+ Y+ Z+ T+ S+ R+ X- Y- Z- T- S- R- αbF Fb

WAB- 1 0 0 0 0 0 -1 0 0 0 0 0 0 -1≥
WAB+ -1 0 0 0 0 0 1 0 0 0 0 0 0 -1≤
WBA- 0 1 0 0 0 0 0 -1 0 0 0 0 0 -1≥
WBA+ 0 -1 0 0 0 0 0 1 0 0 0 0 0 -1≤
WBC- 0 0 1 0 0 0 0 0 -1 0 0 0 0 -3/2≥
WBC+ 0 0 -1 0 0 0 0 0 1 0 0 0 0 -3/2≤
WCD- 0 0 0 1 0 0 0 0 0 -1 0 0 0 -3/2≥
WCD+ 0 0 0 -1 0 0 0 0 0 1 0 0 0 -3/2≤
WDC- 0 0 1 -2 0 0 0 0 -1 2 0 0 -8 -3/2≥
WDC+ 0 0 -1 2 0 0 0 0 1 -2 0 0 8 -3/2≤
WDE- 0 0 0 0 1 0 0 0 0 0 -1 0 0 -1≥
WDE+ 0 0 0 0 -1 0 0 0 0 0 1 0 0 -1≤
WED- -1 -1 0 0 -1 0 1 1 0 0 1 0 18 -1≥
WED+ 1 1 0 0 1 0 -1 -1 0 0 -1 0 -18 -1≤
WBF- 0 -1 -1 0 0 0 0 1 1 0 0 0 0 -1≥
WBF+ 0 1 1 0 0 0 0 -1 -1 0 0 0 0 -1≤
WFB- 0 0 0 0 0 1 0 0 0 0 0 -1 0 -1≥
WFB+ 0 0 0 0 0 -1 0 0 0 0 0 1 0 -1≤
WGH- 0 1/2 1 -1 1/2 -1 0 -1/2 -1 1 -1/2 1 -4 -3/2≥
WGH+ 0 -1/2 -1 1 -1/2 1 0 1/2 1 -1 1/2 -1 4 -3/2≤
WHD- 0 1 2 -2 1 -1 0 -1 -2 2 -1 1 4 -1≥
WHD+ 0 -1 -2 2 -1 1 0 1 2 -2 1 -1 -4 -1≤
WDH- 0 0 -1 2 -1 0 0 0 1 -2 1 0 8 -1≥
WDH+ 0 0 1 -2 1 0 0 0 -1 2 -1 0 -8 -1≤
Max 0 0 0 0 0 0 0 0 0 0 0 0 1 0=
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Tableau a variabili negative su X- e limitate
X Y Z T S R αbF X- Fb

ϕAB- 1 0 0 0 0 0 0 -1 -1≥
ϕAB+ -1 0 0 0 0 0 0 1 -1≥
ϕBA- 0 1 0 0 0 0 0 -1 -1≥
ϕBA+ 0 -1 0 0 0 0 0 1 -1≥
ϕBC- 0 0 1 0 0 0 0 -1 -3/2≥
ϕBC+ 0 0 -1 0 0 0 0 1 -3/2≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
ϕDC- 0 0 1 -2 0 0 -8 1 -3/2≥
ϕDC+ 0 0 -1 2 0 0 8 -1 -3/2≥
ϕDE- 0 0 0 0 1 0 0 -1 -1≥
ϕDE+ 0 0 0 0 -1 0 0 1 -1≥
ϕED- -1 -1 0 0 -1 0 18 3 -1≥
ϕED+ 1 1 0 0 1 0 -18 -3 -1≥
ϕBF- 0 -1 -1 0 0 0 0 2 -1≥
ϕBF+ 0 1 1 0 0 0 0 -2 -1≥
ϕFB- 0 0 0 0 0 1 0 -1 -1≥
ϕFB+ 0 0 0 0 0 -1 0 1 -1≥
ϕGH- 0 1/2 1 -1 1/2 -1 -4 0 -3/2≥
ϕGH+ 0 -1/2 -1 1 -1/2 1 4 0 -3/2≥
ϕHD- 0 1 2 -2 1 -1 4 -1 -1≥
ϕHD+ 0 -1 -2 2 -1 1 -4 1 -1≥
ϕDH- 0 0 -1 2 -1 0 8 0 -1≥
ϕDH+ 0 0 1 -2 1 0 -8 0 -1≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max 0 0 0 0 0 0 1 0 0=
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Scambio pivotale 14-7
X Y Z T S R ϕED+ X- Fb

ϕAB- 1 0 0 0 0 0 0 -1 -1≥
ϕAB+ -1 0 0 0 0 0 0 1 -1≥
ϕBA- 0 1 0 0 0 0 0 -1 -1≥
ϕBA+ 0 -1 0 0 0 0 0 1 -1≥
ϕBC- 0 0 1 0 0 0 0 -1 -3/2≥
ϕBC+ 0 0 -1 0 0 0 0 1 -3/2≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
ϕDC- -4/9 -4/9 1 -2 -4/9 0 4/9 7/3 -19/18≥
ϕDC+ 4/9 4/9 -1 2 4/9 0 -4/9 -7/3 -35/18≥
ϕDE- 0 0 0 0 1 0 0 -1 -1≥
ϕDE+ 0 0 0 0 -1 0 0 1 -1≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF 1/18 1/18 0 0 1/18 0 -1/18 -1/6 -1/18≥
ϕBF- 0 -1 -1 0 0 0 0 2 -1≥
ϕBF+ 0 1 1 0 0 0 0 -2 -1≥
ϕFB- 0 0 0 0 0 1 0 -1 -1≥
ϕFB+ 0 0 0 0 0 -1 0 1 -1≥
ϕGH- -2/9 5/18 1 -1 5/18 -1 2/9 2/3 -23/18≥
ϕGH+ 2/9 -5/18 -1 1 -5/18 1 -2/9 -2/3 -31/18≥
ϕHD- 2/9 11/9 2 -2 11/9 -1 -2/9 -5/3 -11/9≥
ϕHD+ -2/9 -11/9 -2 2 -11/9 1 2/9 5/3 -7/9≥
ϕDH- 4/9 4/9 -1 2 -5/9 0 -4/9 -4/3 -13/9≥
ϕDH+ -4/9 -4/9 1 -2 5/9 0 4/9 4/3 -5/9≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max 1/18 1/18 0 0 1/18 0 -1/18 -1/6 -1/18=
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Scambio pivotale 2-1
ϕAB+ Y Z T S R ϕED+ X- Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -1 0 0 0 0 0 0 1 -1≥
ϕBA- 0 1 0 0 0 0 0 -1 -1≥
ϕBA+ 0 -1 0 0 0 0 0 1 -1≥
ϕBC- 0 0 1 0 0 0 0 -1 -3/2≥
ϕBC+ 0 0 -1 0 0 0 0 1 -3/2≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
ϕDC- 4/9 -4/9 1 -2 -4/9 0 4/9 17/9 -11/18≥
ϕDC+ -4/9 4/9 -1 2 4/9 0 -4/9 -17/9 -43/18≥
ϕDE- 0 0 0 0 1 0 0 -1 -1≥
ϕDE+ 0 0 0 0 -1 0 0 1 -1≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/18 1/18 0 0 1/18 0 -1/18 -1/9 -1/9≥
ϕBF- 0 -1 -1 0 0 0 0 2 -1≥
ϕBF+ 0 1 1 0 0 0 0 -2 -1≥
ϕFB- 0 0 0 0 0 1 0 -1 -1≥
ϕFB+ 0 0 0 0 0 -1 0 1 -1≥
ϕGH- 2/9 5/18 1 -1 5/18 -1 2/9 4/9 -19/18≥
ϕGH+ -2/9 -5/18 -1 1 -5/18 1 -2/9 -4/9 -35/18≥
ϕHD- -2/9 11/9 2 -2 11/9 -1 -2/9 -13/9 -13/9≥
ϕHD+ 2/9 -11/9 -2 2 -11/9 1 2/9 13/9 -5/9≥
ϕDH- -4/9 4/9 -1 2 -5/9 0 -4/9 -8/9 -17/9≥
ϕDH+ 4/9 -4/9 1 -2 5/9 0 4/9 8/9 -1/9≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max -1/18 1/18 0 0 1/18 0 -1/18 -1/9 -1/9=
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Scambio pivotale 24-2
ϕAB+ ϕDH+ Z T S R ϕED+ X- Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -1 0 0 0 0 0 0 1 -1≥
ϕBA- 1 -9/4 9/4 -9/2 5/4 0 1 1 -5/4≥
ϕBA+ -1 9/4 -9/4 9/2 -5/4 0 -1 -1 -3/4≥
ϕBC- 0 0 1 0 0 0 0 -1 -3/2≥
ϕBC+ 0 0 -1 0 0 0 0 1 -3/2≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
ϕDC- 0 1 0 0 -1 0 0 1 -1/2≥
ϕDC+ 0 -1 0 0 1 0 0 -1 -5/2≥
ϕDE- 0 0 0 0 1 0 0 -1 -1≥
ϕDE+ 0 0 0 0 -1 0 0 1 -1≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF 0 -1/8 1/8 -1/4 1/8 0 0 0 -1/8≥
ϕBF- -1 9/4 -13/4 9/2 -5/4 0 -1 0 -3/4≥
ϕBF+ 1 -9/4 13/4 -9/2 5/4 0 1 0 -5/4≥
ϕFB- 0 0 0 0 0 1 0 -1 -1≥
ϕFB+ 0 0 0 0 0 -1 0 1 -1≥
ϕGH- 1/2 -5/8 13/8 -9/4 5/8 -1 1/2 1 -9/8≥
ϕGH+ -1/2 5/8 -13/8 9/4 -5/8 1 -1/2 -1 -15/8≥
ϕHD- 1 -11/4 19/4 -15/2 11/4 -1 1 1 -7/4≥
ϕHD+ -1 11/4 -19/4 15/2 -11/4 1 -1 -1 -1/4≥
ϕDH- 0 -1 0 0 0 0 0 0 -2≥
Y 1 -9/4 9/4 -9/2 5/4 0 1 2 -1/4≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max 0 -1/8 1/8 -1/4 1/8 0 0 0 -1/8=
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Scambio pivotale 22-3
ϕAB+ ϕDH+ ϕHD+ T S R ϕED+ X- Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -1 0 0 0 0 0 0 1 -1≥
ϕBA- 10/19 -18/19 -9/19 -18/19 -1/19 9/19 10/19 10/19 -26/19≥
ϕBA+ -10/19 18/19 9/19 18/19 1/19 -9/19 -10/19 -10/19 -12/19≥
ϕBC- -4/19 11/19 -4/19 30/19 -11/19 4/19 -4/19 -23/19 -59/38≥
ϕBC+ 4/19 -11/19 4/19 -30/19 11/19 -4/19 4/19 23/19 -55/38≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
ϕDC- 0 1 0 0 -1 0 0 1 -1/2≥
ϕDC+ 0 -1 0 0 1 0 0 -1 -5/2≥
ϕDE- 0 0 0 0 1 0 0 -1 -1≥
ϕDE+ 0 0 0 0 -1 0 0 1 -1≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/38 -1/19 -1/38 -1/19 1/19 1/38 -1/38 -1/38 -5/38≥
ϕBF- -6/19 7/19 13/19 -12/19 12/19 -13/19 -6/19 13/19 -11/19≥
ϕBF+ 6/19 -7/19 -13/19 12/19 -12/19 13/19 6/19 -13/19 -27/19≥
ϕFB- 0 0 0 0 0 1 0 -1 -1≥
ϕFB+ 0 0 0 0 0 -1 0 1 -1≥
ϕGH- 3/19 6/19 -13/38 6/19 -6/19 -25/38 3/19 25/38 -23/19≥
ϕGH+ -3/19 -6/19 13/38 -6/19 6/19 25/38 -3/19 -25/38 -34/19≥
ϕHD- 0 0 -1 0 0 0 0 0 -2≥
Z -4/19 11/19 -4/19 30/19 -11/19 4/19 -4/19 -4/19 -1/19≥
ϕDH- 0 -1 0 0 0 0 0 0 -2≥
Y 10/19 -18/19 -9/19 -18/19 -1/19 9/19 10/19 29/19 -7/19≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max -1/38 -1/19 -1/38 -1/19 1/19 1/38 -1/38 -1/38 -5/38=
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Scambio pivotale 22-5
ϕAB+ ϕDH+ ϕHD+ T Z R ϕED+ X- Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -1 0 0 0 0 0 0 1 -1≥
ϕBA- 6/11 -1 -5/11 -12/11 1/11 5/11 6/11 6/11 -15/11≥
ϕBA+ -6/11 1 5/11 12/11 -1/11 -5/11 -6/11 -6/11 -7/11≥
ϕBC- 0 0 0 0 1 0 0 -1 -3/2≥
ϕBC+ 0 0 0 0 -1 0 0 1 -3/2≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
ϕDC- 4/11 0 4/11 -30/11 19/11 -4/11 4/11 15/11 -9/22≥
ϕDC+ -4/11 0 -4/11 30/11 -19/11 4/11 -4/11 -15/11 -57/22≥
ϕDE- -4/11 1 -4/11 30/11 -19/11 4/11 -4/11 -15/11 -12/11≥
ϕDE+ 4/11 -1 4/11 -30/11 19/11 -4/11 4/11 15/11 -10/11≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/22 0 -1/22 1/11 -1/11 1/22 -1/22 -1/22 -3/22≥
ϕBF- -6/11 1 5/11 12/11 -12/11 -5/11 -6/11 5/11 -7/11≥
ϕBF+ 6/11 -1 -5/11 -12/11 12/11 5/11 6/11 -5/11 -15/11≥
ϕFB- 0 0 0 0 0 1 0 -1 -1≥
ϕFB+ 0 0 0 0 0 -1 0 1 -1≥
ϕGH- 3/11 0 -5/22 -6/11 6/11 -17/22 3/11 17/22 -13/11≥
ϕGH+ -3/11 0 5/22 6/11 -6/11 17/22 -3/11 -17/22 -20/11≥
ϕHD- 0 0 -1 0 0 0 0 0 -2≥
S -4/11 1 -4/11 30/11 -19/11 4/11 -4/11 -4/11 -1/11≥
ϕDH- 0 -1 0 0 0 0 0 0 -2≥
Y 6/11 -1 -5/11 -12/11 1/11 5/11 6/11 17/11 -4/11≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max -1/22 0 -1/22 1/11 -1/11 1/22 -1/22 -1/22 -3/22=
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Scambio pivotale 9-4
ϕAB+ ϕDH+ ϕHD+ ϕDC- Z R ϕED+ X- Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -1 0 0 0 0 0 0 1 -1≥
ϕBA- 2/5 -1 -3/5 2/5 -3/5 3/5 2/5 0 -6/5≥
ϕBA+ -2/5 1 3/5 -2/5 3/5 -3/5 -2/5 0 -4/5≥
ϕBC- 0 0 0 0 1 0 0 -1 -3/2≥
ϕBC+ 0 0 0 0 -1 0 0 1 -3/2≥
ϕCD- 2/15 0 2/15 -11/30 19/30 -2/15 2/15 -1/2 -33/20≥
ϕCD+ -2/15 0 -2/15 11/30 -19/30 2/15 -2/15 1/2 -27/20≥
T 2/15 0 2/15 -11/30 19/30 -2/15 2/15 1/2 -3/20≥
ϕDC+ 0 0 0 -1 0 0 0 0 -3≥
ϕDE- 0 1 0 -1 0 0 0 0 -3/2≥
ϕDE+ 0 -1 0 1 0 0 0 0 -1/2≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/30 0 -1/30 -1/30 -1/30 1/30 -1/30 0 -3/20≥
ϕBF- -2/5 1 3/5 -2/5 -2/5 -3/5 -2/5 1 -4/5≥
ϕBF+ 2/5 -1 -3/5 2/5 2/5 3/5 2/5 -1 -6/5≥
ϕFB- 0 0 0 0 0 1 0 -1 -1≥
ϕFB+ 0 0 0 0 0 -1 0 1 -1≥
ϕGH- 1/5 0 -3/10 1/5 1/5 -7/10 1/5 1/2 -11/10≥
ϕGH+ -1/5 0 3/10 -1/5 -1/5 7/10 -1/5 -1/2 -19/10≥
ϕHD- 0 0 -1 0 0 0 0 0 -2≥
S 0 1 0 -1 0 0 0 1 -1/2≥
ϕDH- 0 -1 0 0 0 0 0 0 -2≥
Y 2/5 -1 -3/5 2/5 -3/5 3/5 2/5 1 -1/5≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max -1/30 0 -1/30 -1/30 -1/30 1/30 -1/30 0 -3/20=
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Scambio pivotale 18-6
ϕAB+ ϕDH+ ϕHD+ ϕDC- Z ϕFB+ ϕED+ X- Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -1 0 0 0 0 0 0 1 -1≥
ϕBA- 2/5 -1 -3/5 2/5 -3/5 -3/5 2/5 3/5 -9/5≥
ϕBA+ -2/5 1 3/5 -2/5 3/5 3/5 -2/5 -3/5 -1/5≥
ϕBC- 0 0 0 0 1 0 0 -1 -3/2≥
ϕBC+ 0 0 0 0 -1 0 0 1 -3/2≥
ϕCD- 2/15 0 2/15 -11/30 19/30 2/15 2/15 -19/30 -91/60≥
ϕCD+ -2/15 0 -2/15 11/30 -19/30 -2/15 -2/15 19/30 -89/60≥
T 2/15 0 2/15 -11/30 19/30 2/15 2/15 11/30 -1/60≥
ϕDC+ 0 0 0 -1 0 0 0 0 -3≥
ϕDE- 0 1 0 -1 0 0 0 0 -3/2≥
ϕDE+ 0 -1 0 1 0 0 0 0 -1/2≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/30 0 -1/30 -1/30 -1/30 -1/30 -1/30 1/30 -11/60≥
ϕBF- -2/5 1 3/5 -2/5 -2/5 3/5 -2/5 2/5 -1/5≥
ϕBF+ 2/5 -1 -3/5 2/5 2/5 -3/5 2/5 -2/5 -9/5≥
ϕFB- 0 0 0 0 0 -1 0 0 -2≥
R 0 0 0 0 0 -1 0 1 -1≥
ϕGH- 1/5 0 -3/10 1/5 1/5 7/10 1/5 -1/5 -2/5≥
ϕGH+ -1/5 0 3/10 -1/5 -1/5 -7/10 -1/5 1/5 -13/5≥
ϕHD- 0 0 -1 0 0 0 0 0 -2≥
S 0 1 0 -1 0 0 0 1 -1/2≥
ϕDH- 0 -1 0 0 0 0 0 0 -2≥
Y 2/5 -1 -3/5 2/5 -3/5 -3/5 2/5 8/5 -4/5≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max -1/30 0 -1/30 -1/30 -1/30 -1/30 -1/30 1/30 -11/60=
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Scambio pivotale 4-8
ϕAB+ ϕDH+ ϕHD+ ϕDC- Z ϕFB+ ϕED+ ϕBA+ Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -5/3 5/3 1 -2/3 1 1 -2/3 -5/3 -4/3≥
ϕBA- 0 0 0 0 0 0 0 -1 -2≥
X- -2/3 5/3 1 -2/3 1 1 -2/3 -5/3 -1/3≥
ϕBC- 2/3 -5/3 -1 2/3 0 -1 2/3 5/3 -7/6≥
ϕBC+ -2/3 5/3 1 -2/3 0 1 -2/3 -5/3 -11/6≥
ϕCD- 5/9 -19/18 -1/2 1/18 0 -1/2 5/9 19/18 -47/36≥
ϕCD+ -5/9 19/18 1/2 -1/18 0 1/2 -5/9 -19/18 -61/36≥
T -1/9 11/18 1/2 -11/18 1 1/2 -1/9 -11/18 -5/36≥
ϕDC+ 0 0 0 -1 0 0 0 0 -3≥
ϕDE- 0 1 0 -1 0 0 0 0 -3/2≥
ϕDE+ 0 -1 0 1 0 0 0 0 -1/2≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/18 1/18 0 -1/18 0 0 -1/18 -1/18 -7/36≥
ϕBF- -2/3 5/3 1 -2/3 0 1 -2/3 -2/3 -1/3≥
ϕBF+ 2/3 -5/3 -1 2/3 0 -1 2/3 2/3 -5/3≥
ϕFB- 0 0 0 0 0 -1 0 0 -2≥
R -2/3 5/3 1 -2/3 1 0 -2/3 -5/3 -4/3≥
ϕGH- 1/3 -1/3 -1/2 1/3 0 1/2 1/3 1/3 -1/3≥
ϕGH+ -1/3 1/3 1/2 -1/3 0 -1/2 -1/3 -1/3 -8/3≥
ϕHD- 0 0 -1 0 0 0 0 0 -2≥
S -2/3 8/3 1 -5/3 1 1 -2/3 -5/3 -5/6≥
ϕDH- 0 -1 0 0 0 0 0 0 -2≥
Y -2/3 5/3 1 -2/3 1 1 -2/3 -8/3 -4/3≥
LX 2/3 -5/3 -1 2/3 -1 -1 2/3 5/3 -7/6≥
Max -1/18 1/18 0 -1/18 0 0 -1/18 -1/18 -7/36=
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Scambio pivotale 12-2
ϕAB+ ϕDE+ ϕHD+ ϕDC- Z ϕFB+ ϕED+ ϕBA+ Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -5/3 -5/3 1 1 1 1 -2/3 -5/3 -13/6≥
ϕBA- 0 0 0 0 0 0 0 -1 -2≥
X- -2/3 -5/3 1 1 1 1 -2/3 -5/3 -7/6≥
ϕBC- 2/3 5/3 -1 -1 0 -1 2/3 5/3 -1/3≥
ϕBC+ -2/3 -5/3 1 1 0 1 -2/3 -5/3 -8/3≥
ϕCD- 5/9 19/18 -1/2 -1 0 -1/2 5/9 19/18 -7/9≥
ϕCD+ -5/9 -19/18 1/2 1 0 1/2 -5/9 -19/18 -20/9≥
T -1/9 -11/18 1/2 0 1 1/2 -1/9 -11/18 -4/9≥
ϕDC+ 0 0 0 -1 0 0 0 0 -3≥
ϕDE- 0 -1 0 0 0 0 0 0 -2≥
ϕDH+ 0 -1 0 1 0 0 0 0 -1/2≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/18 -1/18 0 0 0 0 -1/18 -1/18 -2/9≥
ϕBF- -2/3 -5/3 1 1 0 1 -2/3 -2/3 -7/6≥
ϕBF+ 2/3 5/3 -1 -1 0 -1 2/3 2/3 -5/6≥
ϕFB- 0 0 0 0 0 -1 0 0 -2≥
R -2/3 -5/3 1 1 1 0 -2/3 -5/3 -13/6≥
ϕGH- 1/3 1/3 -1/2 0 0 1/2 1/3 1/3 -1/6≥
ϕGH+ -1/3 -1/3 1/2 0 0 -1/2 -1/3 -1/3 -17/6≥
ϕHD- 0 0 -1 0 0 0 0 0 -2≥
S -2/3 -8/3 1 1 1 1 -2/3 -5/3 -13/6≥
ϕDH- 0 1 0 -1 0 0 0 0 -3/2≥
Y -2/3 -5/3 1 1 1 1 -2/3 -8/3 -13/6≥
LX 2/3 5/3 -1 -1 -1 -1 2/3 5/3 -1/3≥
Max -1/18 -1/18 0 0 0 0 -1/18 -1/18 -2/9=
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Tableau finale
ϕAB+ ϕDE+ ϕHD+ ϕDC- Z ϕFB+ ϕED+ ϕBA+ Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -5/3 -5/3 1 1 1 1 -2/3 -5/3 -13/6≥
ϕBA- 0 0 0 0 0 0 0 -1 -2≥
X- -2/3 -5/3 1 1 1 1 -2/3 -5/3 -7/6≥
ϕBC- 2/3 5/3 -1 -1 0 -1 2/3 5/3 -1/3≥
ϕBC+ -2/3 -5/3 1 1 0 1 -2/3 -5/3 -8/3≥
ϕCD- 5/9 19/18 -1/2 -1 0 -1/2 5/9 19/18 -7/9≥
ϕCD+ -5/9 -19/18 1/2 1 0 1/2 -5/9 -19/18 -20/9≥
T -1/9 -11/18 1/2 0 1 1/2 -1/9 -11/18 -4/9≥
ϕDC+ 0 0 0 -1 0 0 0 0 -3≥
ϕDE- 0 -1 0 0 0 0 0 0 -2≥
ϕDH+ 0 -1 0 1 0 0 0 0 -1/2≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/18 -1/18 0 0 0 0 -1/18 -1/18 -2/9≥
ϕBF- -2/3 -5/3 1 1 0 1 -2/3 -2/3 -7/6≥
ϕBF+ 2/3 5/3 -1 -1 0 -1 2/3 2/3 -5/6≥
ϕFB- 0 0 0 0 0 -1 0 0 -2≥
R -2/3 -5/3 1 1 1 0 -2/3 -5/3 -13/6≥
ϕGH- 1/3 1/3 -1/2 0 0 1/2 1/3 1/3 -1/6≥
ϕGH+ -1/3 -1/3 1/2 0 0 -1/2 -1/3 -1/3 -17/6≥
ϕHD- 0 0 -1 0 0 0 0 0 -2≥
S -2/3 -8/3 1 1 1 1 -2/3 -5/3 -13/6≥
ϕDH- 0 1 0 -1 0 0 0 0 -3/2≥
Y -2/3 -5/3 1 1 1 1 -2/3 -8/3 -13/6≥
LX 2/3 5/3 -1 -1 -1 -1 2/3 5/3 -1/3≥
Max -1/18 -1/18 0 0 0 0 -1/18 -1/18 -2/9=
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Vettori soluzione della programmazione lineare
X Y Z T S R αbF X- Fb

ϕAB- 0 0 0 0 0 0 0 0 0≥
ϕAB+ 0 0 0 0 0 0 0 0 1/18≥
ϕBA- 0 0 0 0 0 0 0 0 0≥
ϕBA+ 0 0 0 0 0 0 0 0 1/18≥
ϕBC- 0 0 0 0 0 0 0 0 0≥
ϕBC+ 0 0 0 0 0 0 0 0 0≥
ϕCD- 0 0 0 0 0 0 0 0 0≥
ϕCD+ 0 0 0 0 0 0 0 0 0≥
ϕDC- 0 0 0 0 0 0 0 0 0≥
ϕDC+ 0 0 0 0 0 0 0 0 0≥
ϕDE- 0 0 0 0 0 0 0 0 0≥
ϕDE+ 0 0 0 0 0 0 0 0 1/18≥
ϕED- 0 0 0 0 0 0 0 0 0≥
ϕED+ 0 0 0 0 0 0 0 0 1/18≥
ϕBF- 0 0 0 0 0 0 0 0 0≥
ϕBF+ 0 0 0 0 0 0 0 0 0≥
ϕFB- 0 0 0 0 0 0 0 0 0≥
ϕFB+ 0 0 0 0 0 0 0 0 0≥
ϕGH- 0 0 0 0 0 0 0 0 0≥
ϕGH+ 0 0 0 0 0 0 0 0 0≥
ϕHD- 0 0 0 0 0 0 0 0 0≥
ϕHD+ 0 0 0 0 0 0 0 0 0≥
ϕDH- 0 0 0 0 0 0 0 0 0≥
ϕDH+ 0 0 0 0 0 0 0 0 0≥
LX 0 0 0 0 0 0 0 0 0≥
Max 13/6 13/6 0 4/9 13/6 13/6 2/9 7/6 -2/9=

Variabili soluzione dedotto il valore X-
X Y Z T S R
1 1 -7/6 -13/18 1 1
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Variabili soluzione differenza tra rotazioni

ϕAB 1/18
ϕBA 1/18
ϕBC 0
ϕCD 0
ϕDC 0
ϕDE 1/18
ϕED 1/18
ϕBF 0
ϕFB 0
ϕGH 0
ϕHD 0
ϕDH 0

REAZIONI Fattore di collasso = 2/9
HA = -2/3F
VA = -1/18F
WA = Fb
HE = -2/3F
VE = 41/18F
WE = Fb

HAB = -2/3F
VAB = -1/18F
WAB = Fb
HBA = 2/3F
VBA = 1/18F
WBA = Fb

HBC = 1/6F
VBC = -2/9F
WBC = -7/6Fb
HCB = -1/6F
VCB = 2/9F
WCB = 13/18Fb

HCD = 1/6F
VCD = -10/9F
WCD = -13/18Fb
HDC = -1/6F
VDC = 10/9F
WDC = -3/2Fb

HDE = 2/3F
VDE = -41/18F
WDE = Fb
HED = -2/3F
VED = 41/18F
WED = Fb

HBF = -7/18F
VBF = 1/6F
WBF = 1/6Fb
HFB = 7/18F
VFB = -1/6F
WFB = Fb

HFG = 1/2F
VFG = 1/6F
WFG = -Fb
HGF = -1/2F
VGF = -1/6F
WGF = 4/3Fb

HGH = 1/2F
VGH = -7/6F
WGH = -4/3Fb
HHG = -1/2F
VHG = 7/6F
WHG = -Fb

HHD = 1/2F
VHD = -7/6F
WHD = Fb
HDH = -1/2F
VDH = 7/6F
WDH = 1/2Fb

SPOSTAMENTI NODALI

uAAB = 0
vAAB = 0
ϕAAB = -1/18δ/b

uB = 1/6δ
vB = 0
ϕB = -1/18δ/b

uC = 1/6δ
vC = 0
ϕC = 0

uD = 1/6δ
vD = 0
ϕD = 0

uEED = 0
vEED = 0
ϕE = -1/18δ/b
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uF = 1/6δ
vF = 0
ϕF = 0

uG = 1/6δ
vG = 0
ϕG = 0

uH = 1/6δ
vH = 0
ϕH = 0

SPOSTAMENTI RIGIDI DELLE ASTE

uAAB = 0
vAAB = 0
ϕAAB = -1/18δ/b

uBBC = 1/6δ
vBBC = 0
ϕBBC = 0

uCCD = 1/6δ
vCCD = 0
ϕCCD = 0

uDDE = 1/6δ
vDDE = 0
ϕDDE = -1/18δ/b

uBBF = 1/6δ
vBBF = 0
ϕBBF = 0

uFFG = 1/6δ
vFFG = 0
ϕFFG = 0

uGGH = 1/6δ
vGGH = 0
ϕGGH = 0

uHHD = 1/6δ
vHHD = 0
ϕHHD = 0



A
L4

.0
04

E
Q

U
IL

IB
R

IO
 N

om
e:

@
 A

do
lfo

 Z
av

el
an

i R
os

si
, P

ol
ite

cn
ic

o 
di

 M
ila

no
, v

er
s.

11
.0

5.
11

08
.0

6.
11

A

C
D E

F

G

H

H
B

C
VBC

F2F

6F4F

X

Y

Y

Z

Z

T

T

S

S

R
R H

A

VA

E
Q

U
A

Z
IO

N
I D

I E
Q

U
IL

IB
R

IO
R

ot
az

io
ne

 in
to

rn
o 

a 
D

:  
 a

st
e 

D
C

 D
H

 C
B

 H
G

 G
F

 F
B

 B
A

3H
A
b 

-4
V

A
b 

=
 -

X
b 

+
S

b 
-1

4F
b

R
ot

az
io

ne
 in

to
rn

o 
a 

C
:  

 a
st

e 
C

B
-2

V
B

C
b 

=
 -

Z
b 

+
T

b
R

ot
az

io
ne

 in
to

rn
o 

a 
F

:  
 a

st
e 

F
B

 B
A

6H
A
b 

-3
H

B
C
b 

=
 -

X
b 

+
Z

b 
+

R
b 

-3
F

b
R

ot
az

io
ne

 in
to

rn
o 

a 
B

:  
 a

st
e 

B
A

3H
A
b 

=
 -

X
b 

-Y
b

M
at

ric
e 

di
 e

qu
ili

br
io

H
A
b

V
A
b

H
B

C
b

V
B

C
b

X
b

Y
b

Z
b

T
b

S
b

R
b

F
b

ϕ D
E

3
-4

0
0

-1
0

0
0

1
0

-1
4

ϕ C
D

0
0

0
-2

0
0

-1
1

0
0

0
ϕ F

G
6

0
-3

0
-1

0
1

0
0

1
-3

=

ϕ B
A

3
0

0
0

-1
-1

0
0

0
0

0

S
ol

uz
io

ne
 d

el
 s

is
te

m
a

X
b

Y
b

Z
b

T
b

S
b

R
b

F
b

H
A
b

-1
/3

-1
/3

0
0

0
0

0
V

B
C
b

0
0

1/
2

-1
/2

0
0

0
H

B
C
b

-1
/3

-2
/3

-1
/3

0
0

-1
/3

1
=

V
A
b

0
-1

/4
0

0
-1

/4
0

7/
2

A
L4

.0
04

D
E

F
O

R
M

A
T

A
 E

 A
Z

IO
N

I I
N

T
E

R
N

E
 N

om
e:

@
 A

do
lfo

 Z
av

el
an

i R
os

si
, P

ol
ite

cn
ic

o 
di

 M
ila

no
, v

er
s.

11
.0

5.
11

08
.0

6.
11

AB
C

D

E

F

G

H

-11/7

2/
3

2/
3

-3

-23/70

-7
/6

-7
/6

-3/2

 F

61/70

87
/7

0
-3

/2

1/2

-53/210

23
/7

0
-3

/2

7/6

 F

-2
43/70

-6
9/

70
3/

23
/2

-3
/2

1/2 2

8/559/7059
/7

0
3/

23
/2

-3
/2

-3/2
2

 F
b



AL4.004PROCEDIMENTO E RISULTATI Nome:

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.11.05.11 08.06.11

PROGRAMMAZIONE LINEARE
Sia Hij la matrice del simplesso, con m righe e n colonne.
Siano Pj le variabili primali di riga e Di le variabili duali di colonna, con 1≤j<n, 1≤i<m.
Siano a riga m i coefficienti della funzione obiettivo primale max Σj Hmj Pj, 1≤j<n.
Siano a colonna n i coefficienti della funzione obiettivo duale min Σi Hin Di, 1≤i<m.
Sequenza di operazioni pivotali:
1 Sia q  (1≤q<n) la colonna pivot con massimo valore Hmj in riga m.
2 Sia p  (1≤p<m) la riga pivot di colonna q, a coefficiente negativo Hiq, che minimizza il rapporto Hin/Hiq.
3 Si ottiene il coefficiente pivotale Hpq.
4 Si scambia la variabile primale Pq con la duale Dp.
5 Si ridefinisce il coefficiente pivotale Hpq=1/Hpq.
6 Si ridefiniscono i coefficienti della colonna pivot q: Hiq = Hpq Hiq, escluso il pivot Hpq.
7 Si ridefiniscono tutti i coefficienti della matrice, esclusa la riga p e la colonna q: Hij = Hij - Hiq Hpj.
8 Si ridefiniscono i coefficienti della riga pivot p: Hpj = - Hpq Hpj, escluso il pivot Hpq.
Si ripete il ciclo 1-8 sino a quando la funzione obiettivo di riga m ha solo coefficienti non-positivi.
Giunti a questo punto, si individua la soluzione.
Si hanno gli elementi non nulli del vettore soluzione primale, con segno cambiato, sulla colonna n dei
termini noti, in corrispondenza delle variabili Pj presenti sulla colonna di sinistra.
Si hanno gli elementi non nulli del vettore soluzione duale, con segno cambiato, sulla riga m
della funzione obiettivo, in corrispondenza delle variabili Di presenti sulla colonna superiore.

Programmazione lineare m=6,n=4
P1 P2 P3 MIN

D1 H11 H12 H13 H14≥
D2 H21 H22 H23 H24≥
D3 H31 H32 H33 H34≥
D4 H41 H42 H43 H44≥
D5 H51 H52 H53 H54≥
MAX H61 H62 H63 H64=
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SOLUZIONE DEL SIMPLESSO  X=WAB Y=WBA Z=WBC T=WCD S=WDE R=WFG

Tableau con variabili non vincolate in segno
X Y Z T S R αbF Fb

WAB- 1 0 0 0 0 0 0 -2≥
WAB+ 1 0 0 0 0 0 0 2≤
WBA- 0 1 0 0 0 0 0 -2≥
WBA+ 0 1 0 0 0 0 0 2≤
WBC- 0 0 1 0 0 0 0 -3/2≥
WBC+ 0 0 1 0 0 0 0 3/2≤
WCD- 0 0 0 1 0 0 0 -3/2≥
WCD+ 0 0 0 1 0 0 0 3/2≤
WDC- 0 0 1 -2 0 0 -12 -3/2≥
WDC+ 0 0 1 -2 0 0 -12 3/2≤
WDE- 0 0 0 0 1 0 0 -2≥
WDE+ 0 0 0 0 1 0 0 2≤
WED- -1 -1 0 0 -1 0 9 -2≥
WED+ -1 -1 0 0 -1 0 9 2≤
WBF- 0 -1 -1 0 0 0 0 -2≥
WBF+ 0 -1 -1 0 0 0 0 2≤
WFG- 0 0 0 0 0 1 0 -3/2≥
WFG+ 0 0 0 0 0 1 0 3/2≤
WGH- 0 1/2 1 -1 1/2 1 -7 -3/2≥
WGH+ 0 1/2 1 -1 1/2 1 -7 3/2≤
WHG- 0 -1 -2 2 -1 -1 6 -3/2≥
WHG+ 0 -1 -2 2 -1 -1 6 3/2≤
WDH- 0 0 -1 2 -1 0 12 -2≥
WDH+ 0 0 -1 2 -1 0 12 2≤
Max 0 0 0 0 0 0 1 0=
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Tableau con variabili non vincolate in segno
X Y Z T S R αbF Fb

WAB- 1 0 0 0 0 0 0 -2≥
WAB+ -1 0 0 0 0 0 0 -2≥
WBA- 0 1 0 0 0 0 0 -2≥
WBA+ 0 -1 0 0 0 0 0 -2≥
WBC- 0 0 1 0 0 0 0 -3/2≥
WBC+ 0 0 -1 0 0 0 0 -3/2≥
WCD- 0 0 0 1 0 0 0 -3/2≥
WCD+ 0 0 0 -1 0 0 0 -3/2≥
WDC- 0 0 1 -2 0 0 -12 -3/2≥
WDC+ 0 0 -1 2 0 0 12 -3/2≥
WDE- 0 0 0 0 1 0 0 -2≥
WDE+ 0 0 0 0 -1 0 0 -2≥
WED- -1 -1 0 0 -1 0 9 -2≥
WED+ 1 1 0 0 1 0 -9 -2≥
WBF- 0 -1 -1 0 0 0 0 -2≥
WBF+ 0 1 1 0 0 0 0 -2≥
WFG- 0 0 0 0 0 1 0 -3/2≥
WFG+ 0 0 0 0 0 -1 0 -3/2≥
WGH- 0 1/2 1 -1 1/2 1 -7 -3/2≥
WGH+ 0 -1/2 -1 1 -1/2 -1 7 -3/2≥
WHG- 0 -1 -2 2 -1 -1 6 -3/2≥
WHG+ 0 1 2 -2 1 1 -6 -3/2≥
WDH- 0 0 -1 2 -1 0 12 -2≥
WDH+ 0 0 1 -2 1 0 -12 -2≥
Max 0 0 0 0 0 0 1 0=
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Tableau con variabili vincolate in segno
X+ Y+ Z+ T+ S+ R+ X- Y- Z- T- S- R- αbF Fb

WAB- 1 0 0 0 0 0 -1 0 0 0 0 0 0 -2≥
WAB+ -1 0 0 0 0 0 1 0 0 0 0 0 0 -2≤
WBA- 0 1 0 0 0 0 0 -1 0 0 0 0 0 -2≥
WBA+ 0 -1 0 0 0 0 0 1 0 0 0 0 0 -2≤
WBC- 0 0 1 0 0 0 0 0 -1 0 0 0 0 -3/2≥
WBC+ 0 0 -1 0 0 0 0 0 1 0 0 0 0 -3/2≤
WCD- 0 0 0 1 0 0 0 0 0 -1 0 0 0 -3/2≥
WCD+ 0 0 0 -1 0 0 0 0 0 1 0 0 0 -3/2≤
WDC- 0 0 1 -2 0 0 0 0 -1 2 0 0 -12 -3/2≥
WDC+ 0 0 -1 2 0 0 0 0 1 -2 0 0 12 -3/2≤
WDE- 0 0 0 0 1 0 0 0 0 0 -1 0 0 -2≥
WDE+ 0 0 0 0 -1 0 0 0 0 0 1 0 0 -2≤
WED- -1 -1 0 0 -1 0 1 1 0 0 1 0 9 -2≥
WED+ 1 1 0 0 1 0 -1 -1 0 0 -1 0 -9 -2≤
WBF- 0 -1 -1 0 0 0 0 1 1 0 0 0 0 -2≥
WBF+ 0 1 1 0 0 0 0 -1 -1 0 0 0 0 -2≤
WFG- 0 0 0 0 0 1 0 0 0 0 0 -1 0 -3/2≥
WFG+ 0 0 0 0 0 -1 0 0 0 0 0 1 0 -3/2≤
WGH- 0 1/2 1 -1 1/2 1 0 -1/2 -1 1 -1/2 -1 -7 -3/2≥
WGH+ 0 -1/2 -1 1 -1/2 -1 0 1/2 1 -1 1/2 1 7 -3/2≤
WHG- 0 -1 -2 2 -1 -1 0 1 2 -2 1 1 6 -3/2≥
WHG+ 0 1 2 -2 1 1 0 -1 -2 2 -1 -1 -6 -3/2≤
WDH- 0 0 -1 2 -1 0 0 0 1 -2 1 0 12 -2≥
WDH+ 0 0 1 -2 1 0 0 0 -1 2 -1 0 -12 -2≤
Max 0 0 0 0 0 0 0 0 0 0 0 0 1 0=
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Tableau a variabili negative su X- e limitate
X Y Z T S R αbF X- Fb

ϕAB- 1 0 0 0 0 0 0 -1 -2≥
ϕAB+ -1 0 0 0 0 0 0 1 -2≥
ϕBA- 0 1 0 0 0 0 0 -1 -2≥
ϕBA+ 0 -1 0 0 0 0 0 1 -2≥
ϕBC- 0 0 1 0 0 0 0 -1 -3/2≥
ϕBC+ 0 0 -1 0 0 0 0 1 -3/2≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
ϕDC- 0 0 1 -2 0 0 -12 1 -3/2≥
ϕDC+ 0 0 -1 2 0 0 12 -1 -3/2≥
ϕDE- 0 0 0 0 1 0 0 -1 -2≥
ϕDE+ 0 0 0 0 -1 0 0 1 -2≥
ϕED- -1 -1 0 0 -1 0 9 3 -2≥
ϕED+ 1 1 0 0 1 0 -9 -3 -2≥
ϕBF- 0 -1 -1 0 0 0 0 2 -2≥
ϕBF+ 0 1 1 0 0 0 0 -2 -2≥
ϕFG- 0 0 0 0 0 1 0 -1 -3/2≥
ϕFG+ 0 0 0 0 0 -1 0 1 -3/2≥
ϕGH- 0 1/2 1 -1 1/2 1 -7 -2 -3/2≥
ϕGH+ 0 -1/2 -1 1 -1/2 -1 7 2 -3/2≥
ϕHG- 0 -1 -2 2 -1 -1 6 3 -3/2≥
ϕHG+ 0 1 2 -2 1 1 -6 -3 -3/2≥
ϕDH- 0 0 -1 2 -1 0 12 0 -2≥
ϕDH+ 0 0 1 -2 1 0 -12 0 -2≥
LX 0 0 0 0 0 0 0 -1 -2≥
Max 0 0 0 0 0 0 1 0 0=
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Scambio pivotale 9-7
X Y Z T S R ϕDC- X- Fb

ϕAB- 1 0 0 0 0 0 0 -1 -2≥
ϕAB+ -1 0 0 0 0 0 0 1 -2≥
ϕBA- 0 1 0 0 0 0 0 -1 -2≥
ϕBA+ 0 -1 0 0 0 0 0 1 -2≥
ϕBC- 0 0 1 0 0 0 0 -1 -3/2≥
ϕBC+ 0 0 -1 0 0 0 0 1 -3/2≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
αbF 0 0 1/12 -1/6 0 0 -1/12 1/12 -1/8≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 0 0 0 1 0 0 -1 -2≥
ϕDE+ 0 0 0 0 -1 0 0 1 -2≥
ϕED- -1 -1 3/4 -3/2 -1 0 -3/4 15/4 -25/8≥
ϕED+ 1 1 -3/4 3/2 1 0 3/4 -15/4 -7/8≥
ϕBF- 0 -1 -1 0 0 0 0 2 -2≥
ϕBF+ 0 1 1 0 0 0 0 -2 -2≥
ϕFG- 0 0 0 0 0 1 0 -1 -3/2≥
ϕFG+ 0 0 0 0 0 -1 0 1 -3/2≥
ϕGH- 0 1/2 5/12 1/6 1/2 1 7/12 -31/12 -5/8≥
ϕGH+ 0 -1/2 -5/12 -1/6 -1/2 -1 -7/12 31/12 -19/8≥
ϕHG- 0 -1 -3/2 1 -1 -1 -1/2 7/2 -9/4≥
ϕHG+ 0 1 3/2 -1 1 1 1/2 -7/2 -3/4≥
ϕDH- 0 0 0 0 -1 0 -1 1 -7/2≥
ϕDH+ 0 0 0 0 1 0 1 -1 -1/2≥
LX 0 0 0 0 0 0 0 -1 -2≥
Max 0 0 1/12 -1/6 0 0 -1/12 1/12 -1/8=
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Scambio pivotale 14-3
X Y ϕED+ T S R ϕDC- X- Fb

ϕAB- 1 0 0 0 0 0 0 -1 -2≥
ϕAB+ -1 0 0 0 0 0 0 1 -2≥
ϕBA- 0 1 0 0 0 0 0 -1 -2≥
ϕBA+ 0 -1 0 0 0 0 0 1 -2≥
ϕBC- 4/3 4/3 -4/3 2 4/3 0 1 -6 -8/3≥
ϕBC+ -4/3 -4/3 4/3 -2 -4/3 0 -1 6 -1/3≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
αbF 1/9 1/9 -1/9 0 1/9 0 0 -1/3 -2/9≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 0 0 0 1 0 0 -1 -2≥
ϕDE+ 0 0 0 0 -1 0 0 1 -2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z 4/3 4/3 -4/3 2 4/3 0 1 -5 -7/6≥
ϕBF- -4/3 -7/3 4/3 -2 -4/3 0 -1 7 -5/6≥
ϕBF+ 4/3 7/3 -4/3 2 4/3 0 1 -7 -19/6≥
ϕFG- 0 0 0 0 0 1 0 -1 -3/2≥
ϕFG+ 0 0 0 0 0 -1 0 1 -3/2≥
ϕGH- 5/9 19/18 -5/9 1 19/18 1 1 -14/3 -10/9≥
ϕGH+ -5/9 -19/18 5/9 -1 -19/18 -1 -1 14/3 -17/9≥
ϕHG- -2 -3 2 -2 -3 -1 -2 11 -1/2≥
ϕHG+ 2 3 -2 2 3 1 2 -11 -5/2≥
ϕDH- 0 0 0 0 -1 0 -1 1 -7/2≥
ϕDH+ 0 0 0 0 1 0 1 -1 -1/2≥
LX 0 0 0 0 0 0 0 -1 -2≥
Max 1/9 1/9 -1/9 0 1/9 0 0 -1/3 -2/9=
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Scambio pivotale 6-1
ϕBC+ Y ϕED+ T S R ϕDC- X- Fb

ϕAB- -3/4 -1 1 -3/2 -1 0 -3/4 7/2 -9/4≥
ϕAB+ 3/4 1 -1 3/2 1 0 3/4 -7/2 -7/4≥
ϕBA- 0 1 0 0 0 0 0 -1 -2≥
ϕBA+ 0 -1 0 0 0 0 0 1 -2≥
ϕBC- -1 0 0 0 0 0 0 0 -3≥
X -3/4 -1 1 -3/2 -1 0 -3/4 9/2 -1/4≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
αbF -1/12 0 0 -1/6 0 0 -1/12 1/6 -1/4≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 0 0 0 1 0 0 -1 -2≥
ϕDE+ 0 0 0 0 -1 0 0 1 -2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z -1 0 0 0 0 0 0 1 -3/2≥
ϕBF- 1 -1 0 0 0 0 0 1 -1/2≥
ϕBF+ -1 1 0 0 0 0 0 -1 -7/2≥
ϕFG- 0 0 0 0 0 1 0 -1 -3/2≥
ϕFG+ 0 0 0 0 0 -1 0 1 -3/2≥
ϕGH- -5/12 1/2 0 1/6 1/2 1 7/12 -13/6 -5/4≥
ϕGH+ 5/12 -1/2 0 -1/6 -1/2 -1 -7/12 13/6 -7/4≥
ϕHG- 3/2 -1 0 1 -1 -1 -1/2 2 0≥
ϕHG+ -3/2 1 0 -1 1 1 1/2 -2 -3≥
ϕDH- 0 0 0 0 -1 0 -1 1 -7/2≥
ϕDH+ 0 0 0 0 1 0 1 -1 -1/2≥
LX 0 0 0 0 0 0 0 -1 -2≥
Max -1/12 0 0 -1/6 0 0 -1/12 1/6 -1/4=
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Scambio pivotale 2-8
ϕBC+ Y ϕED+ T S R ϕDC- ϕAB+ Fb

ϕAB- 0 0 0 0 0 0 0 -1 -4≥
X- 3/14 2/7 -2/7 3/7 2/7 0 3/14 -2/7 -1/2≥
ϕBA- -3/14 5/7 2/7 -3/7 -2/7 0 -3/14 2/7 -3/2≥
ϕBA+ 3/14 -5/7 -2/7 3/7 2/7 0 3/14 -2/7 -5/2≥
ϕBC- -1 0 0 0 0 0 0 0 -3≥
X 3/14 2/7 -2/7 3/7 2/7 0 3/14 -9/7 -5/2≥
ϕCD- -3/14 -2/7 2/7 4/7 -2/7 0 -3/14 2/7 -1≥
ϕCD+ 3/14 2/7 -2/7 -4/7 2/7 0 3/14 -2/7 -2≥
αbF -1/21 1/21 -1/21 -2/21 1/21 0 -1/21 -1/21 -1/3≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- -3/14 -2/7 2/7 -3/7 5/7 0 -3/14 2/7 -3/2≥
ϕDE+ 3/14 2/7 -2/7 3/7 -5/7 0 3/14 -2/7 -5/2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z -11/14 2/7 -2/7 3/7 2/7 0 3/14 -2/7 -2≥
ϕBF- 17/14 -5/7 -2/7 3/7 2/7 0 3/14 -2/7 -1≥
ϕBF+ -17/14 5/7 2/7 -3/7 -2/7 0 -3/14 2/7 -3≥
ϕFG- -3/14 -2/7 2/7 -3/7 -2/7 1 -3/14 2/7 -1≥
ϕFG+ 3/14 2/7 -2/7 3/7 2/7 -1 3/14 -2/7 -2≥
ϕGH- -37/42 -5/42 13/21 -16/21 -5/42 1 5/42 13/21 -1/6≥
ϕGH+ 37/42 5/42 -13/21 16/21 5/42 -1 -5/42 -13/21 -17/6≥
ϕHG- 27/14 -3/7 -4/7 13/7 -3/7 -1 -1/14 -4/7 -1≥
ϕHG+ -27/14 3/7 4/7 -13/7 3/7 1 1/14 4/7 -2≥
ϕDH- 3/14 2/7 -2/7 3/7 -5/7 0 -11/14 -2/7 -4≥
ϕDH+ -3/14 -2/7 2/7 -3/7 5/7 0 11/14 2/7 0≥
LX -3/14 -2/7 2/7 -3/7 -2/7 0 -3/14 2/7 -3/2≥
Max -1/21 1/21 -1/21 -2/21 1/21 0 -1/21 -1/21 -1/3=
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Scambio pivotale 24-2
ϕBC+ ϕDH+ ϕED+ T S R ϕDC- ϕAB+ Fb

ϕAB- 0 0 0 0 0 0 0 -1 -4≥
X- 0 -1 0 0 1 0 1 0 -1/2≥
ϕBA- -3/4 -5/2 1 -3/2 3/2 0 7/4 1 -3/2≥
ϕBA+ 3/4 5/2 -1 3/2 -3/2 0 -7/4 -1 -5/2≥
ϕBC- -1 0 0 0 0 0 0 0 -3≥
X 0 -1 0 0 1 0 1 -1 -5/2≥
ϕCD- 0 1 0 1 -1 0 -1 0 -1≥
ϕCD+ 0 -1 0 -1 1 0 1 0 -2≥
αbF -1/12 -1/6 0 -1/6 1/6 0 1/12 0 -1/3≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 1 0 0 0 0 -1 0 -3/2≥
ϕDE+ 0 -1 0 0 0 0 1 0 -5/2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z -1 -1 0 0 1 0 1 0 -2≥
ϕBF- 7/4 5/2 -1 3/2 -3/2 0 -7/4 -1 -1≥
ϕBF+ -7/4 -5/2 1 -3/2 3/2 0 7/4 1 -3≥
ϕFG- 0 1 0 0 -1 1 -1 0 -1≥
ϕFG+ 0 -1 0 0 1 -1 1 0 -2≥
ϕGH- -19/24 5/12 1/2 -7/12 -5/12 1 -5/24 1/2 -1/6≥
ϕGH+ 19/24 -5/12 -1/2 7/12 5/12 -1 5/24 -1/2 -17/6≥
ϕHG- 9/4 3/2 -1 5/2 -3/2 -1 -5/4 -1 -1≥
ϕHG+ -9/4 -3/2 1 -5/2 3/2 1 5/4 1 -2≥
ϕDH- 0 -1 0 0 0 0 0 0 -4≥
Y -3/4 -7/2 1 -3/2 5/2 0 11/4 1 0≥
LX 0 1 0 0 -1 0 -1 0 -3/2≥
Max -1/12 -1/6 0 -1/6 1/6 0 1/12 0 -1/3=
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Scambio pivotale 19-5
ϕBC+ ϕDH+ ϕED+ T ϕGH- R ϕDC- ϕAB+ Fb

ϕAB- 0 0 0 0 0 0 0 -1 -4≥
X- -19/10 0 6/5 -7/5 -12/5 12/5 1/2 6/5 -9/10≥
ϕBA- -18/5 -1 14/5 -18/5 -18/5 18/5 1 14/5 -21/10≥
ϕBA+ 18/5 1 -14/5 18/5 18/5 -18/5 -1 -14/5 -19/10≥
ϕBC- -1 0 0 0 0 0 0 0 -3≥
X -19/10 0 6/5 -7/5 -12/5 12/5 1/2 1/5 -29/10≥
ϕCD- 19/10 0 -6/5 12/5 12/5 -12/5 -1/2 -6/5 -3/5≥
ϕCD+ -19/10 0 6/5 -12/5 -12/5 12/5 1/2 6/5 -12/5≥
αbF -2/5 0 1/5 -2/5 -2/5 2/5 0 1/5 -2/5≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 1 0 0 0 0 -1 0 -3/2≥
ϕDE+ 0 -1 0 0 0 0 1 0 -5/2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z -29/10 0 6/5 -7/5 -12/5 12/5 1/2 6/5 -12/5≥
ϕBF- 23/5 1 -14/5 18/5 18/5 -18/5 -1 -14/5 -2/5≥
ϕBF+ -23/5 -1 14/5 -18/5 -18/5 18/5 1 14/5 -18/5≥
ϕFG- 19/10 0 -6/5 7/5 12/5 -7/5 -1/2 -6/5 -3/5≥
ϕFG+ -19/10 0 6/5 -7/5 -12/5 7/5 1/2 6/5 -12/5≥
S -19/10 1 6/5 -7/5 -12/5 12/5 -1/2 6/5 -2/5≥
ϕGH+ 0 0 0 0 -1 0 0 0 -3≥
ϕHG- 51/10 0 -14/5 23/5 18/5 -23/5 -1/2 -14/5 -2/5≥
ϕHG+ -51/10 0 14/5 -23/5 -18/5 23/5 1/2 14/5 -13/5≥
ϕDH- 0 -1 0 0 0 0 0 0 -4≥
Y -11/2 -1 4 -5 -6 6 3/2 4 -1≥
LX 19/10 0 -6/5 7/5 12/5 -12/5 -1/2 -6/5 -11/10≥
Max -2/5 0 1/5 -2/5 -2/5 2/5 0 1/5 -2/5=
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Scambio pivotale 21-6
ϕBC+ ϕDH+ ϕED+ T ϕGH- ϕHG- ϕDC- ϕAB+ Fb

ϕAB- 0 0 0 0 0 0 0 -1 -4≥
X- 35/46 0 -6/23 1 -12/23 -12/23 11/46 -6/23 -51/46≥
ϕBA- 9/23 -1 14/23 0 -18/23 -18/23 14/23 14/23 -111/46≥
ϕBA+ -9/23 1 -14/23 0 18/23 18/23 -14/23 -14/23 -73/46≥
ϕBC- -1 0 0 0 0 0 0 0 -3≥
X 35/46 0 -6/23 1 -12/23 -12/23 11/46 -29/23 -143/46≥
ϕCD- -35/46 0 6/23 0 12/23 12/23 -11/46 6/23 -9/23≥
ϕCD+ 35/46 0 -6/23 0 -12/23 -12/23 11/46 -6/23 -60/23≥
αbF 1/23 0 -1/23 0 -2/23 -2/23 -1/23 -1/23 -10/23≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 1 0 0 0 0 -1 0 -3/2≥
ϕDE+ 0 -1 0 0 0 0 1 0 -5/2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z -11/46 0 -6/23 1 -12/23 -12/23 11/46 -6/23 -60/23≥
ϕBF- 14/23 1 -14/23 0 18/23 18/23 -14/23 -14/23 -2/23≥
ϕBF+ -14/23 -1 14/23 0 -18/23 -18/23 14/23 14/23 -90/23≥
ϕFG- 8/23 0 -8/23 0 30/23 7/23 -8/23 -8/23 -11/23≥
ϕFG+ -8/23 0 8/23 0 -30/23 -7/23 8/23 8/23 -58/23≥
S 35/46 1 -6/23 1 -12/23 -12/23 -35/46 -6/23 -14/23≥
ϕGH+ 0 0 0 0 -1 0 0 0 -3≥
R 51/46 0 -14/23 1 18/23 -5/23 -5/46 -14/23 -2/23≥
ϕHG+ 0 0 0 0 0 -1 0 0 -3≥
ϕDH- 0 -1 0 0 0 0 0 0 -4≥
Y 53/46 -1 8/23 1 -30/23 -30/23 39/46 8/23 -35/23≥
LX -35/46 0 6/23 -1 12/23 12/23 -11/46 6/23 -41/46≥
Max 1/23 0 -1/23 0 -2/23 -2/23 -1/23 -1/23 -10/23=
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Scambio pivotale 7-1
ϕCD- ϕDH+ ϕED+ T ϕGH- ϕHG- ϕDC- ϕAB+ Fb

ϕAB- 0 0 0 0 0 0 0 -1 -4≥
X- -1 0 0 1 0 0 0 0 -3/2≥
ϕBA- -18/35 -1 26/35 0 -18/35 -18/35 17/35 26/35 -183/70≥
ϕBA+ 18/35 1 -26/35 0 18/35 18/35 -17/35 -26/35 -97/70≥
ϕBC- 46/35 0 -12/35 0 -24/35 -24/35 11/35 -12/35 -87/35≥
X -1 0 0 1 0 0 0 -1 -7/2≥
ϕBC+ -46/35 0 12/35 0 24/35 24/35 -11/35 12/35 -18/35≥
ϕCD+ -1 0 0 0 0 0 0 0 -3≥
αbF -2/35 0 -1/35 0 -2/35 -2/35 -2/35 -1/35 -16/35≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 1 0 0 0 0 -1 0 -3/2≥
ϕDE+ 0 -1 0 0 0 0 1 0 -5/2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z 11/35 0 -12/35 1 -24/35 -24/35 11/35 -12/35 -87/35≥
ϕBF- -4/5 1 -2/5 0 6/5 6/5 -4/5 -2/5 -2/5≥
ϕBF+ 4/5 -1 2/5 0 -6/5 -6/5 4/5 2/5 -18/5≥
ϕFG- -16/35 0 -8/35 0 54/35 19/35 -16/35 -8/35 -23/35≥
ϕFG+ 16/35 0 8/35 0 -54/35 -19/35 16/35 8/35 -82/35≥
S -1 1 0 1 0 0 -1 0 -1≥
ϕGH+ 0 0 0 0 -1 0 0 0 -3≥
R -51/35 0 -8/35 1 54/35 19/35 -16/35 -8/35 -23/35≥
ϕHG+ 0 0 0 0 0 -1 0 0 -3≥
ϕDH- 0 -1 0 0 0 0 0 0 -4≥
Y -53/35 -1 26/35 1 -18/35 -18/35 17/35 26/35 -74/35≥
LX 1 0 0 -1 0 0 0 0 -1/2≥
Max -2/35 0 -1/35 0 -2/35 -2/35 -2/35 -1/35 -16/35=
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Tableau finale
ϕCD- ϕDH+ ϕED+ T ϕGH- ϕHG- ϕDC- ϕAB+ Fb

ϕAB- 0 0 0 0 0 0 0 -1 -4≥
X- -1 0 0 1 0 0 0 0 -3/2≥
ϕBA- -18/35 -1 26/35 0 -18/35 -18/35 17/35 26/35 -183/70≥
ϕBA+ 18/35 1 -26/35 0 18/35 18/35 -17/35 -26/35 -97/70≥
ϕBC- 46/35 0 -12/35 0 -24/35 -24/35 11/35 -12/35 -87/35≥
X -1 0 0 1 0 0 0 -1 -7/2≥
ϕBC+ -46/35 0 12/35 0 24/35 24/35 -11/35 12/35 -18/35≥
ϕCD+ -1 0 0 0 0 0 0 0 -3≥
αbF -2/35 0 -1/35 0 -2/35 -2/35 -2/35 -1/35 -16/35≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 1 0 0 0 0 -1 0 -3/2≥
ϕDE+ 0 -1 0 0 0 0 1 0 -5/2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z 11/35 0 -12/35 1 -24/35 -24/35 11/35 -12/35 -87/35≥
ϕBF- -4/5 1 -2/5 0 6/5 6/5 -4/5 -2/5 -2/5≥
ϕBF+ 4/5 -1 2/5 0 -6/5 -6/5 4/5 2/5 -18/5≥
ϕFG- -16/35 0 -8/35 0 54/35 19/35 -16/35 -8/35 -23/35≥
ϕFG+ 16/35 0 8/35 0 -54/35 -19/35 16/35 8/35 -82/35≥
S -1 1 0 1 0 0 -1 0 -1≥
ϕGH+ 0 0 0 0 -1 0 0 0 -3≥
R -51/35 0 -8/35 1 54/35 19/35 -16/35 -8/35 -23/35≥
ϕHG+ 0 0 0 0 0 -1 0 0 -3≥
ϕDH- 0 -1 0 0 0 0 0 0 -4≥
Y -53/35 -1 26/35 1 -18/35 -18/35 17/35 26/35 -74/35≥
LX 1 0 0 -1 0 0 0 0 -1/2≥
Max -2/35 0 -1/35 0 -2/35 -2/35 -2/35 -1/35 -16/35=
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Vettori soluzione della programmazione lineare
X Y Z T S R αbF X- Fb

ϕAB- 0 0 0 0 0 0 0 0 0≥
ϕAB+ 0 0 0 0 0 0 0 0 1/35≥
ϕBA- 0 0 0 0 0 0 0 0 0≥
ϕBA+ 0 0 0 0 0 0 0 0 0≥
ϕBC- 0 0 0 0 0 0 0 0 0≥
ϕBC+ 0 0 0 0 0 0 0 0 0≥
ϕCD- 0 0 0 0 0 0 0 0 2/35≥
ϕCD+ 0 0 0 0 0 0 0 0 0≥
ϕDC- 0 0 0 0 0 0 0 0 2/35≥
ϕDC+ 0 0 0 0 0 0 0 0 0≥
ϕDE- 0 0 0 0 0 0 0 0 0≥
ϕDE+ 0 0 0 0 0 0 0 0 0≥
ϕED- 0 0 0 0 0 0 0 0 0≥
ϕED+ 0 0 0 0 0 0 0 0 1/35≥
ϕBF- 0 0 0 0 0 0 0 0 0≥
ϕBF+ 0 0 0 0 0 0 0 0 0≥
ϕFG- 0 0 0 0 0 0 0 0 0≥
ϕFG+ 0 0 0 0 0 0 0 0 0≥
ϕGH- 0 0 0 0 0 0 0 0 2/35≥
ϕGH+ 0 0 0 0 0 0 0 0 0≥
ϕHG- 0 0 0 0 0 0 0 0 2/35≥
ϕHG+ 0 0 0 0 0 0 0 0 0≥
ϕDH- 0 0 0 0 0 0 0 0 0≥
ϕDH+ 0 0 0 0 0 0 0 0 0≥
LX 0 0 0 0 0 0 0 0 0≥
Max 7/2 74/35 87/35 0 1 23/35 16/35 3/2 -16/35=

Variabili soluzione dedotto il valore X-
X Y Z T S R
2 43/70 69/70 -3/2 -1/2 -59/70
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Variabili soluzione differenza tra rotazioni

ϕAB 1/35
ϕBA 0
ϕBC 0
ϕCD -2/35
ϕDC -2/35
ϕDE 0
ϕED 1/35
ϕBF 0
ϕFG 0
ϕGH -2/35
ϕHG -2/35
ϕDH 0

REAZIONI Fattore di collasso = 16/35
HA = -61/70F
VA = 11/7F
WA = 2Fb
HE = -1/2F
VE = 3F
WE = 2Fb

HAB = -61/70F
VAB = 11/7F
WAB = 2Fb
HBA = 61/70F
VBA = -11/7F
WBA = 43/70Fb

HBC = -2/3F
VBC = 87/70F
WBC = 69/70Fb
HCB = 2/3F
VCB = -87/70F
WCB = 3/2Fb

HCD = -2/3F
VCD = -3/2F
WCD = -3/2Fb
HDC = 2/3F
VDC = 3/2F
WDC = -3/2Fb

HDE = 1/2F
VDE = -3F
WDE = -1/2Fb
HED = -1/2F
VED = 3F
WED = 2Fb

HBF = 53/210F
VBF = 23/70F
WBF = -8/5Fb
HFB = -53/210F
VFB = -23/70F
WFB = 59/70Fb

HFG = 7/6F
VFG = 23/70F
WFG = -59/70Fb
HGF = -7/6F
VGF = -23/70F
WGF = 3/2Fb

HGH = 7/6F
VGH = -3/2F
WGH = -3/2Fb
HHG = -7/6F
VHG = 3/2F
WHG = -3/2Fb

HHD = 7/6F
VHD = -3/2F
WHD = 3/2Fb
HDH = -7/6F
VDH = 3/2F
WDH = 2Fb

SPOSTAMENTI NODALI

uAAB = 0
vAAB = 0
ϕAAB = -1/35δ/b

uB = 3/35δ
vB = 0
ϕB = -1/35δ/b

uCCB = 3/35δ
vCCB = -2/35δ
ϕCCB = -1/35δ/b

uD = 3/35δ
vD = 0
ϕD = 1/35δ/b

uEED = 0
vEED = 0
ϕE = -1/35δ/b
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uF = 6/35δ
vF = 0
ϕF = -1/35δ/b

uGGF = 6/35δ
vGGF = -2/35δ
ϕGGF = -1/35δ/b

uHHG = 6/35δ
vHHG = 0
ϕHHD = 1/35δ/b

SPOSTAMENTI RIGIDI DELLE ASTE

uAAB = 0
vAAB = 0
ϕAAB = -1/35δ/b

uBBC = 3/35δ
vBBC = 0
ϕBBC = -1/35δ/b

uCCD = 3/35δ
vCCD = -2/35δ
ϕCCD = 1/35δ/b

uDDE = 3/35δ
vDDE = 0
ϕDDE = -1/35δ/b

uBBF = 3/35δ
vBBF = 0
ϕBBF = -1/35δ/b

uFFG = 6/35δ
vFFG = 0
ϕFFG = -1/35δ/b

uGGH = 6/35δ
vGGH = -2/35δ
ϕGGH = 1/35δ/b

uHHD = 6/35δ
vHHD = 0
ϕHHD = -1/35δ/b
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PROGRAMMAZIONE LINEARE
Sia Hij la matrice del simplesso, con m righe e n colonne.
Siano Pj le variabili primali di riga e Di le variabili duali di colonna, con 1≤j<n, 1≤i<m.
Siano a riga m i coefficienti della funzione obiettivo primale max Σj Hmj Pj, 1≤j<n.
Siano a colonna n i coefficienti della funzione obiettivo duale min Σi Hin Di, 1≤i<m.
Sequenza di operazioni pivotali:
1 Sia q  (1≤q<n) la colonna pivot con massimo valore Hmj in riga m.
2 Sia p  (1≤p<m) la riga pivot di colonna q, a coefficiente negativo Hiq, che minimizza il rapporto Hin/Hiq.
3 Si ottiene il coefficiente pivotale Hpq.
4 Si scambia la variabile primale Pq con la duale Dp.
5 Si ridefinisce il coefficiente pivotale Hpq=1/Hpq.
6 Si ridefiniscono i coefficienti della colonna pivot q: Hiq = Hpq Hiq, escluso il pivot Hpq.
7 Si ridefiniscono tutti i coefficienti della matrice, esclusa la riga p e la colonna q: Hij = Hij - Hiq Hpj.
8 Si ridefiniscono i coefficienti della riga pivot p: Hpj = - Hpq Hpj, escluso il pivot Hpq.
Si ripete il ciclo 1-8 sino a quando la funzione obiettivo di riga m ha solo coefficienti non-positivi.
Giunti a questo punto, si individua la soluzione.
Si hanno gli elementi non nulli del vettore soluzione primale, con segno cambiato, sulla colonna n dei
termini noti, in corrispondenza delle variabili Pj presenti sulla colonna di sinistra.
Si hanno gli elementi non nulli del vettore soluzione duale, con segno cambiato, sulla riga m
della funzione obiettivo, in corrispondenza delle variabili Di presenti sulla colonna superiore.

Programmazione lineare m=6,n=4
P1 P2 P3 MIN

D1 H11 H12 H13 H14≥
D2 H21 H22 H23 H24≥
D3 H31 H32 H33 H34≥
D4 H41 H42 H43 H44≥
D5 H51 H52 H53 H54≥
MAX H61 H62 H63 H64=
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SOLUZIONE DEL SIMPLESSO  X=WAB Y=WBA Z=WBC T=WCD S=WDE R=WFB

Tableau con variabili non vincolate in segno
X Y Z T S R αbF Fb

WAB- 1 0 0 0 0 0 0 -1≥
WAB+ 1 0 0 0 0 0 0 1≤
WBA- 0 1 0 0 0 0 0 -1≥
WBA+ 0 1 0 0 0 0 0 1≤
WBC- 0 0 1 0 0 0 0 -3/2≥
WBC+ 0 0 1 0 0 0 0 3/2≤
WCD- 0 0 0 1 0 0 0 -3/2≥
WCD+ 0 0 0 1 0 0 0 3/2≤
WDC- 0 0 1 -2 0 0 -8 -3/2≥
WDC+ 0 0 1 -2 0 0 -8 3/2≤
WDE- 0 0 0 0 1 0 0 -1≥
WDE+ 0 0 0 0 1 0 0 1≤
WED- -1 -1 0 0 -1 0 18 -1≥
WED+ -1 -1 0 0 -1 0 18 1≤
WBF- 0 -1 -1 0 0 0 0 -1≥
WBF+ 0 -1 -1 0 0 0 0 1≤
WFB- 0 0 0 0 0 1 0 -1≥
WFB+ 0 0 0 0 0 1 0 1≤
WGH- 0 1/2 1 -1 1/2 -1 -4 -3/2≥
WGH+ 0 1/2 1 -1 1/2 -1 -4 3/2≤
WHD- 0 1 2 -2 1 -1 4 -1≥
WHD+ 0 1 2 -2 1 -1 4 1≤
WDH- 0 0 -1 2 -1 0 8 -1≥
WDH+ 0 0 -1 2 -1 0 8 1≤
Max 0 0 0 0 0 0 1 0=



AL4.005PROCEDIMENTO E RISULTATI Nome:

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.11.05.11 08.06.11

Tableau con variabili non vincolate in segno
X Y Z T S R αbF Fb

WAB- 1 0 0 0 0 0 0 -1≥
WAB+ -1 0 0 0 0 0 0 -1≥
WBA- 0 1 0 0 0 0 0 -1≥
WBA+ 0 -1 0 0 0 0 0 -1≥
WBC- 0 0 1 0 0 0 0 -3/2≥
WBC+ 0 0 -1 0 0 0 0 -3/2≥
WCD- 0 0 0 1 0 0 0 -3/2≥
WCD+ 0 0 0 -1 0 0 0 -3/2≥
WDC- 0 0 1 -2 0 0 -8 -3/2≥
WDC+ 0 0 -1 2 0 0 8 -3/2≥
WDE- 0 0 0 0 1 0 0 -1≥
WDE+ 0 0 0 0 -1 0 0 -1≥
WED- -1 -1 0 0 -1 0 18 -1≥
WED+ 1 1 0 0 1 0 -18 -1≥
WBF- 0 -1 -1 0 0 0 0 -1≥
WBF+ 0 1 1 0 0 0 0 -1≥
WFB- 0 0 0 0 0 1 0 -1≥
WFB+ 0 0 0 0 0 -1 0 -1≥
WGH- 0 1/2 1 -1 1/2 -1 -4 -3/2≥
WGH+ 0 -1/2 -1 1 -1/2 1 4 -3/2≥
WHD- 0 1 2 -2 1 -1 4 -1≥
WHD+ 0 -1 -2 2 -1 1 -4 -1≥
WDH- 0 0 -1 2 -1 0 8 -1≥
WDH+ 0 0 1 -2 1 0 -8 -1≥
Max 0 0 0 0 0 0 1 0=
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Tableau con variabili vincolate in segno
X+ Y+ Z+ T+ S+ R+ X- Y- Z- T- S- R- αbF Fb

WAB- 1 0 0 0 0 0 -1 0 0 0 0 0 0 -1≥
WAB+ -1 0 0 0 0 0 1 0 0 0 0 0 0 -1≤
WBA- 0 1 0 0 0 0 0 -1 0 0 0 0 0 -1≥
WBA+ 0 -1 0 0 0 0 0 1 0 0 0 0 0 -1≤
WBC- 0 0 1 0 0 0 0 0 -1 0 0 0 0 -3/2≥
WBC+ 0 0 -1 0 0 0 0 0 1 0 0 0 0 -3/2≤
WCD- 0 0 0 1 0 0 0 0 0 -1 0 0 0 -3/2≥
WCD+ 0 0 0 -1 0 0 0 0 0 1 0 0 0 -3/2≤
WDC- 0 0 1 -2 0 0 0 0 -1 2 0 0 -8 -3/2≥
WDC+ 0 0 -1 2 0 0 0 0 1 -2 0 0 8 -3/2≤
WDE- 0 0 0 0 1 0 0 0 0 0 -1 0 0 -1≥
WDE+ 0 0 0 0 -1 0 0 0 0 0 1 0 0 -1≤
WED- -1 -1 0 0 -1 0 1 1 0 0 1 0 18 -1≥
WED+ 1 1 0 0 1 0 -1 -1 0 0 -1 0 -18 -1≤
WBF- 0 -1 -1 0 0 0 0 1 1 0 0 0 0 -1≥
WBF+ 0 1 1 0 0 0 0 -1 -1 0 0 0 0 -1≤
WFB- 0 0 0 0 0 1 0 0 0 0 0 -1 0 -1≥
WFB+ 0 0 0 0 0 -1 0 0 0 0 0 1 0 -1≤
WGH- 0 1/2 1 -1 1/2 -1 0 -1/2 -1 1 -1/2 1 -4 -3/2≥
WGH+ 0 -1/2 -1 1 -1/2 1 0 1/2 1 -1 1/2 -1 4 -3/2≤
WHD- 0 1 2 -2 1 -1 0 -1 -2 2 -1 1 4 -1≥
WHD+ 0 -1 -2 2 -1 1 0 1 2 -2 1 -1 -4 -1≤
WDH- 0 0 -1 2 -1 0 0 0 1 -2 1 0 8 -1≥
WDH+ 0 0 1 -2 1 0 0 0 -1 2 -1 0 -8 -1≤
Max 0 0 0 0 0 0 0 0 0 0 0 0 1 0=
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Tableau a variabili negative su X- e limitate
X Y Z T S R αbF X- Fb

ϕAB- 1 0 0 0 0 0 0 -1 -1≥
ϕAB+ -1 0 0 0 0 0 0 1 -1≥
ϕBA- 0 1 0 0 0 0 0 -1 -1≥
ϕBA+ 0 -1 0 0 0 0 0 1 -1≥
ϕBC- 0 0 1 0 0 0 0 -1 -3/2≥
ϕBC+ 0 0 -1 0 0 0 0 1 -3/2≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
ϕDC- 0 0 1 -2 0 0 -8 1 -3/2≥
ϕDC+ 0 0 -1 2 0 0 8 -1 -3/2≥
ϕDE- 0 0 0 0 1 0 0 -1 -1≥
ϕDE+ 0 0 0 0 -1 0 0 1 -1≥
ϕED- -1 -1 0 0 -1 0 18 3 -1≥
ϕED+ 1 1 0 0 1 0 -18 -3 -1≥
ϕBF- 0 -1 -1 0 0 0 0 2 -1≥
ϕBF+ 0 1 1 0 0 0 0 -2 -1≥
ϕFB- 0 0 0 0 0 1 0 -1 -1≥
ϕFB+ 0 0 0 0 0 -1 0 1 -1≥
ϕGH- 0 1/2 1 -1 1/2 -1 -4 0 -3/2≥
ϕGH+ 0 -1/2 -1 1 -1/2 1 4 0 -3/2≥
ϕHD- 0 1 2 -2 1 -1 4 -1 -1≥
ϕHD+ 0 -1 -2 2 -1 1 -4 1 -1≥
ϕDH- 0 0 -1 2 -1 0 8 0 -1≥
ϕDH+ 0 0 1 -2 1 0 -8 0 -1≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max 0 0 0 0 0 0 1 0 0=
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Scambio pivotale 14-7
X Y Z T S R ϕED+ X- Fb

ϕAB- 1 0 0 0 0 0 0 -1 -1≥
ϕAB+ -1 0 0 0 0 0 0 1 -1≥
ϕBA- 0 1 0 0 0 0 0 -1 -1≥
ϕBA+ 0 -1 0 0 0 0 0 1 -1≥
ϕBC- 0 0 1 0 0 0 0 -1 -3/2≥
ϕBC+ 0 0 -1 0 0 0 0 1 -3/2≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
ϕDC- -4/9 -4/9 1 -2 -4/9 0 4/9 7/3 -19/18≥
ϕDC+ 4/9 4/9 -1 2 4/9 0 -4/9 -7/3 -35/18≥
ϕDE- 0 0 0 0 1 0 0 -1 -1≥
ϕDE+ 0 0 0 0 -1 0 0 1 -1≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF 1/18 1/18 0 0 1/18 0 -1/18 -1/6 -1/18≥
ϕBF- 0 -1 -1 0 0 0 0 2 -1≥
ϕBF+ 0 1 1 0 0 0 0 -2 -1≥
ϕFB- 0 0 0 0 0 1 0 -1 -1≥
ϕFB+ 0 0 0 0 0 -1 0 1 -1≥
ϕGH- -2/9 5/18 1 -1 5/18 -1 2/9 2/3 -23/18≥
ϕGH+ 2/9 -5/18 -1 1 -5/18 1 -2/9 -2/3 -31/18≥
ϕHD- 2/9 11/9 2 -2 11/9 -1 -2/9 -5/3 -11/9≥
ϕHD+ -2/9 -11/9 -2 2 -11/9 1 2/9 5/3 -7/9≥
ϕDH- 4/9 4/9 -1 2 -5/9 0 -4/9 -4/3 -13/9≥
ϕDH+ -4/9 -4/9 1 -2 5/9 0 4/9 4/3 -5/9≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max 1/18 1/18 0 0 1/18 0 -1/18 -1/6 -1/18=
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Scambio pivotale 2-1
ϕAB+ Y Z T S R ϕED+ X- Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -1 0 0 0 0 0 0 1 -1≥
ϕBA- 0 1 0 0 0 0 0 -1 -1≥
ϕBA+ 0 -1 0 0 0 0 0 1 -1≥
ϕBC- 0 0 1 0 0 0 0 -1 -3/2≥
ϕBC+ 0 0 -1 0 0 0 0 1 -3/2≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
ϕDC- 4/9 -4/9 1 -2 -4/9 0 4/9 17/9 -11/18≥
ϕDC+ -4/9 4/9 -1 2 4/9 0 -4/9 -17/9 -43/18≥
ϕDE- 0 0 0 0 1 0 0 -1 -1≥
ϕDE+ 0 0 0 0 -1 0 0 1 -1≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/18 1/18 0 0 1/18 0 -1/18 -1/9 -1/9≥
ϕBF- 0 -1 -1 0 0 0 0 2 -1≥
ϕBF+ 0 1 1 0 0 0 0 -2 -1≥
ϕFB- 0 0 0 0 0 1 0 -1 -1≥
ϕFB+ 0 0 0 0 0 -1 0 1 -1≥
ϕGH- 2/9 5/18 1 -1 5/18 -1 2/9 4/9 -19/18≥
ϕGH+ -2/9 -5/18 -1 1 -5/18 1 -2/9 -4/9 -35/18≥
ϕHD- -2/9 11/9 2 -2 11/9 -1 -2/9 -13/9 -13/9≥
ϕHD+ 2/9 -11/9 -2 2 -11/9 1 2/9 13/9 -5/9≥
ϕDH- -4/9 4/9 -1 2 -5/9 0 -4/9 -8/9 -17/9≥
ϕDH+ 4/9 -4/9 1 -2 5/9 0 4/9 8/9 -1/9≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max -1/18 1/18 0 0 1/18 0 -1/18 -1/9 -1/9=
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Scambio pivotale 24-2
ϕAB+ ϕDH+ Z T S R ϕED+ X- Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -1 0 0 0 0 0 0 1 -1≥
ϕBA- 1 -9/4 9/4 -9/2 5/4 0 1 1 -5/4≥
ϕBA+ -1 9/4 -9/4 9/2 -5/4 0 -1 -1 -3/4≥
ϕBC- 0 0 1 0 0 0 0 -1 -3/2≥
ϕBC+ 0 0 -1 0 0 0 0 1 -3/2≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
ϕDC- 0 1 0 0 -1 0 0 1 -1/2≥
ϕDC+ 0 -1 0 0 1 0 0 -1 -5/2≥
ϕDE- 0 0 0 0 1 0 0 -1 -1≥
ϕDE+ 0 0 0 0 -1 0 0 1 -1≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF 0 -1/8 1/8 -1/4 1/8 0 0 0 -1/8≥
ϕBF- -1 9/4 -13/4 9/2 -5/4 0 -1 0 -3/4≥
ϕBF+ 1 -9/4 13/4 -9/2 5/4 0 1 0 -5/4≥
ϕFB- 0 0 0 0 0 1 0 -1 -1≥
ϕFB+ 0 0 0 0 0 -1 0 1 -1≥
ϕGH- 1/2 -5/8 13/8 -9/4 5/8 -1 1/2 1 -9/8≥
ϕGH+ -1/2 5/8 -13/8 9/4 -5/8 1 -1/2 -1 -15/8≥
ϕHD- 1 -11/4 19/4 -15/2 11/4 -1 1 1 -7/4≥
ϕHD+ -1 11/4 -19/4 15/2 -11/4 1 -1 -1 -1/4≥
ϕDH- 0 -1 0 0 0 0 0 0 -2≥
Y 1 -9/4 9/4 -9/2 5/4 0 1 2 -1/4≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max 0 -1/8 1/8 -1/4 1/8 0 0 0 -1/8=
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Scambio pivotale 22-3
ϕAB+ ϕDH+ ϕHD+ T S R ϕED+ X- Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -1 0 0 0 0 0 0 1 -1≥
ϕBA- 10/19 -18/19 -9/19 -18/19 -1/19 9/19 10/19 10/19 -26/19≥
ϕBA+ -10/19 18/19 9/19 18/19 1/19 -9/19 -10/19 -10/19 -12/19≥
ϕBC- -4/19 11/19 -4/19 30/19 -11/19 4/19 -4/19 -23/19 -59/38≥
ϕBC+ 4/19 -11/19 4/19 -30/19 11/19 -4/19 4/19 23/19 -55/38≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
ϕDC- 0 1 0 0 -1 0 0 1 -1/2≥
ϕDC+ 0 -1 0 0 1 0 0 -1 -5/2≥
ϕDE- 0 0 0 0 1 0 0 -1 -1≥
ϕDE+ 0 0 0 0 -1 0 0 1 -1≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/38 -1/19 -1/38 -1/19 1/19 1/38 -1/38 -1/38 -5/38≥
ϕBF- -6/19 7/19 13/19 -12/19 12/19 -13/19 -6/19 13/19 -11/19≥
ϕBF+ 6/19 -7/19 -13/19 12/19 -12/19 13/19 6/19 -13/19 -27/19≥
ϕFB- 0 0 0 0 0 1 0 -1 -1≥
ϕFB+ 0 0 0 0 0 -1 0 1 -1≥
ϕGH- 3/19 6/19 -13/38 6/19 -6/19 -25/38 3/19 25/38 -23/19≥
ϕGH+ -3/19 -6/19 13/38 -6/19 6/19 25/38 -3/19 -25/38 -34/19≥
ϕHD- 0 0 -1 0 0 0 0 0 -2≥
Z -4/19 11/19 -4/19 30/19 -11/19 4/19 -4/19 -4/19 -1/19≥
ϕDH- 0 -1 0 0 0 0 0 0 -2≥
Y 10/19 -18/19 -9/19 -18/19 -1/19 9/19 10/19 29/19 -7/19≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max -1/38 -1/19 -1/38 -1/19 1/19 1/38 -1/38 -1/38 -5/38=
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Scambio pivotale 22-5
ϕAB+ ϕDH+ ϕHD+ T Z R ϕED+ X- Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -1 0 0 0 0 0 0 1 -1≥
ϕBA- 6/11 -1 -5/11 -12/11 1/11 5/11 6/11 6/11 -15/11≥
ϕBA+ -6/11 1 5/11 12/11 -1/11 -5/11 -6/11 -6/11 -7/11≥
ϕBC- 0 0 0 0 1 0 0 -1 -3/2≥
ϕBC+ 0 0 0 0 -1 0 0 1 -3/2≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
ϕDC- 4/11 0 4/11 -30/11 19/11 -4/11 4/11 15/11 -9/22≥
ϕDC+ -4/11 0 -4/11 30/11 -19/11 4/11 -4/11 -15/11 -57/22≥
ϕDE- -4/11 1 -4/11 30/11 -19/11 4/11 -4/11 -15/11 -12/11≥
ϕDE+ 4/11 -1 4/11 -30/11 19/11 -4/11 4/11 15/11 -10/11≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/22 0 -1/22 1/11 -1/11 1/22 -1/22 -1/22 -3/22≥
ϕBF- -6/11 1 5/11 12/11 -12/11 -5/11 -6/11 5/11 -7/11≥
ϕBF+ 6/11 -1 -5/11 -12/11 12/11 5/11 6/11 -5/11 -15/11≥
ϕFB- 0 0 0 0 0 1 0 -1 -1≥
ϕFB+ 0 0 0 0 0 -1 0 1 -1≥
ϕGH- 3/11 0 -5/22 -6/11 6/11 -17/22 3/11 17/22 -13/11≥
ϕGH+ -3/11 0 5/22 6/11 -6/11 17/22 -3/11 -17/22 -20/11≥
ϕHD- 0 0 -1 0 0 0 0 0 -2≥
S -4/11 1 -4/11 30/11 -19/11 4/11 -4/11 -4/11 -1/11≥
ϕDH- 0 -1 0 0 0 0 0 0 -2≥
Y 6/11 -1 -5/11 -12/11 1/11 5/11 6/11 17/11 -4/11≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max -1/22 0 -1/22 1/11 -1/11 1/22 -1/22 -1/22 -3/22=
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Scambio pivotale 9-4
ϕAB+ ϕDH+ ϕHD+ ϕDC- Z R ϕED+ X- Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -1 0 0 0 0 0 0 1 -1≥
ϕBA- 2/5 -1 -3/5 2/5 -3/5 3/5 2/5 0 -6/5≥
ϕBA+ -2/5 1 3/5 -2/5 3/5 -3/5 -2/5 0 -4/5≥
ϕBC- 0 0 0 0 1 0 0 -1 -3/2≥
ϕBC+ 0 0 0 0 -1 0 0 1 -3/2≥
ϕCD- 2/15 0 2/15 -11/30 19/30 -2/15 2/15 -1/2 -33/20≥
ϕCD+ -2/15 0 -2/15 11/30 -19/30 2/15 -2/15 1/2 -27/20≥
T 2/15 0 2/15 -11/30 19/30 -2/15 2/15 1/2 -3/20≥
ϕDC+ 0 0 0 -1 0 0 0 0 -3≥
ϕDE- 0 1 0 -1 0 0 0 0 -3/2≥
ϕDE+ 0 -1 0 1 0 0 0 0 -1/2≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/30 0 -1/30 -1/30 -1/30 1/30 -1/30 0 -3/20≥
ϕBF- -2/5 1 3/5 -2/5 -2/5 -3/5 -2/5 1 -4/5≥
ϕBF+ 2/5 -1 -3/5 2/5 2/5 3/5 2/5 -1 -6/5≥
ϕFB- 0 0 0 0 0 1 0 -1 -1≥
ϕFB+ 0 0 0 0 0 -1 0 1 -1≥
ϕGH- 1/5 0 -3/10 1/5 1/5 -7/10 1/5 1/2 -11/10≥
ϕGH+ -1/5 0 3/10 -1/5 -1/5 7/10 -1/5 -1/2 -19/10≥
ϕHD- 0 0 -1 0 0 0 0 0 -2≥
S 0 1 0 -1 0 0 0 1 -1/2≥
ϕDH- 0 -1 0 0 0 0 0 0 -2≥
Y 2/5 -1 -3/5 2/5 -3/5 3/5 2/5 1 -1/5≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max -1/30 0 -1/30 -1/30 -1/30 1/30 -1/30 0 -3/20=
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Scambio pivotale 18-6
ϕAB+ ϕDH+ ϕHD+ ϕDC- Z ϕFB+ ϕED+ X- Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -1 0 0 0 0 0 0 1 -1≥
ϕBA- 2/5 -1 -3/5 2/5 -3/5 -3/5 2/5 3/5 -9/5≥
ϕBA+ -2/5 1 3/5 -2/5 3/5 3/5 -2/5 -3/5 -1/5≥
ϕBC- 0 0 0 0 1 0 0 -1 -3/2≥
ϕBC+ 0 0 0 0 -1 0 0 1 -3/2≥
ϕCD- 2/15 0 2/15 -11/30 19/30 2/15 2/15 -19/30 -91/60≥
ϕCD+ -2/15 0 -2/15 11/30 -19/30 -2/15 -2/15 19/30 -89/60≥
T 2/15 0 2/15 -11/30 19/30 2/15 2/15 11/30 -1/60≥
ϕDC+ 0 0 0 -1 0 0 0 0 -3≥
ϕDE- 0 1 0 -1 0 0 0 0 -3/2≥
ϕDE+ 0 -1 0 1 0 0 0 0 -1/2≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/30 0 -1/30 -1/30 -1/30 -1/30 -1/30 1/30 -11/60≥
ϕBF- -2/5 1 3/5 -2/5 -2/5 3/5 -2/5 2/5 -1/5≥
ϕBF+ 2/5 -1 -3/5 2/5 2/5 -3/5 2/5 -2/5 -9/5≥
ϕFB- 0 0 0 0 0 -1 0 0 -2≥
R 0 0 0 0 0 -1 0 1 -1≥
ϕGH- 1/5 0 -3/10 1/5 1/5 7/10 1/5 -1/5 -2/5≥
ϕGH+ -1/5 0 3/10 -1/5 -1/5 -7/10 -1/5 1/5 -13/5≥
ϕHD- 0 0 -1 0 0 0 0 0 -2≥
S 0 1 0 -1 0 0 0 1 -1/2≥
ϕDH- 0 -1 0 0 0 0 0 0 -2≥
Y 2/5 -1 -3/5 2/5 -3/5 -3/5 2/5 8/5 -4/5≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max -1/30 0 -1/30 -1/30 -1/30 -1/30 -1/30 1/30 -11/60=
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Scambio pivotale 4-8
ϕAB+ ϕDH+ ϕHD+ ϕDC- Z ϕFB+ ϕED+ ϕBA+ Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -5/3 5/3 1 -2/3 1 1 -2/3 -5/3 -4/3≥
ϕBA- 0 0 0 0 0 0 0 -1 -2≥
X- -2/3 5/3 1 -2/3 1 1 -2/3 -5/3 -1/3≥
ϕBC- 2/3 -5/3 -1 2/3 0 -1 2/3 5/3 -7/6≥
ϕBC+ -2/3 5/3 1 -2/3 0 1 -2/3 -5/3 -11/6≥
ϕCD- 5/9 -19/18 -1/2 1/18 0 -1/2 5/9 19/18 -47/36≥
ϕCD+ -5/9 19/18 1/2 -1/18 0 1/2 -5/9 -19/18 -61/36≥
T -1/9 11/18 1/2 -11/18 1 1/2 -1/9 -11/18 -5/36≥
ϕDC+ 0 0 0 -1 0 0 0 0 -3≥
ϕDE- 0 1 0 -1 0 0 0 0 -3/2≥
ϕDE+ 0 -1 0 1 0 0 0 0 -1/2≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/18 1/18 0 -1/18 0 0 -1/18 -1/18 -7/36≥
ϕBF- -2/3 5/3 1 -2/3 0 1 -2/3 -2/3 -1/3≥
ϕBF+ 2/3 -5/3 -1 2/3 0 -1 2/3 2/3 -5/3≥
ϕFB- 0 0 0 0 0 -1 0 0 -2≥
R -2/3 5/3 1 -2/3 1 0 -2/3 -5/3 -4/3≥
ϕGH- 1/3 -1/3 -1/2 1/3 0 1/2 1/3 1/3 -1/3≥
ϕGH+ -1/3 1/3 1/2 -1/3 0 -1/2 -1/3 -1/3 -8/3≥
ϕHD- 0 0 -1 0 0 0 0 0 -2≥
S -2/3 8/3 1 -5/3 1 1 -2/3 -5/3 -5/6≥
ϕDH- 0 -1 0 0 0 0 0 0 -2≥
Y -2/3 5/3 1 -2/3 1 1 -2/3 -8/3 -4/3≥
LX 2/3 -5/3 -1 2/3 -1 -1 2/3 5/3 -7/6≥
Max -1/18 1/18 0 -1/18 0 0 -1/18 -1/18 -7/36=
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Scambio pivotale 12-2
ϕAB+ ϕDE+ ϕHD+ ϕDC- Z ϕFB+ ϕED+ ϕBA+ Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -5/3 -5/3 1 1 1 1 -2/3 -5/3 -13/6≥
ϕBA- 0 0 0 0 0 0 0 -1 -2≥
X- -2/3 -5/3 1 1 1 1 -2/3 -5/3 -7/6≥
ϕBC- 2/3 5/3 -1 -1 0 -1 2/3 5/3 -1/3≥
ϕBC+ -2/3 -5/3 1 1 0 1 -2/3 -5/3 -8/3≥
ϕCD- 5/9 19/18 -1/2 -1 0 -1/2 5/9 19/18 -7/9≥
ϕCD+ -5/9 -19/18 1/2 1 0 1/2 -5/9 -19/18 -20/9≥
T -1/9 -11/18 1/2 0 1 1/2 -1/9 -11/18 -4/9≥
ϕDC+ 0 0 0 -1 0 0 0 0 -3≥
ϕDE- 0 -1 0 0 0 0 0 0 -2≥
ϕDH+ 0 -1 0 1 0 0 0 0 -1/2≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/18 -1/18 0 0 0 0 -1/18 -1/18 -2/9≥
ϕBF- -2/3 -5/3 1 1 0 1 -2/3 -2/3 -7/6≥
ϕBF+ 2/3 5/3 -1 -1 0 -1 2/3 2/3 -5/6≥
ϕFB- 0 0 0 0 0 -1 0 0 -2≥
R -2/3 -5/3 1 1 1 0 -2/3 -5/3 -13/6≥
ϕGH- 1/3 1/3 -1/2 0 0 1/2 1/3 1/3 -1/6≥
ϕGH+ -1/3 -1/3 1/2 0 0 -1/2 -1/3 -1/3 -17/6≥
ϕHD- 0 0 -1 0 0 0 0 0 -2≥
S -2/3 -8/3 1 1 1 1 -2/3 -5/3 -13/6≥
ϕDH- 0 1 0 -1 0 0 0 0 -3/2≥
Y -2/3 -5/3 1 1 1 1 -2/3 -8/3 -13/6≥
LX 2/3 5/3 -1 -1 -1 -1 2/3 5/3 -1/3≥
Max -1/18 -1/18 0 0 0 0 -1/18 -1/18 -2/9=



AL4.005PROCEDIMENTO E RISULTATI Nome:

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.11.05.11 08.06.11

Tableau finale
ϕAB+ ϕDE+ ϕHD+ ϕDC- Z ϕFB+ ϕED+ ϕBA+ Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -5/3 -5/3 1 1 1 1 -2/3 -5/3 -13/6≥
ϕBA- 0 0 0 0 0 0 0 -1 -2≥
X- -2/3 -5/3 1 1 1 1 -2/3 -5/3 -7/6≥
ϕBC- 2/3 5/3 -1 -1 0 -1 2/3 5/3 -1/3≥
ϕBC+ -2/3 -5/3 1 1 0 1 -2/3 -5/3 -8/3≥
ϕCD- 5/9 19/18 -1/2 -1 0 -1/2 5/9 19/18 -7/9≥
ϕCD+ -5/9 -19/18 1/2 1 0 1/2 -5/9 -19/18 -20/9≥
T -1/9 -11/18 1/2 0 1 1/2 -1/9 -11/18 -4/9≥
ϕDC+ 0 0 0 -1 0 0 0 0 -3≥
ϕDE- 0 -1 0 0 0 0 0 0 -2≥
ϕDH+ 0 -1 0 1 0 0 0 0 -1/2≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/18 -1/18 0 0 0 0 -1/18 -1/18 -2/9≥
ϕBF- -2/3 -5/3 1 1 0 1 -2/3 -2/3 -7/6≥
ϕBF+ 2/3 5/3 -1 -1 0 -1 2/3 2/3 -5/6≥
ϕFB- 0 0 0 0 0 -1 0 0 -2≥
R -2/3 -5/3 1 1 1 0 -2/3 -5/3 -13/6≥
ϕGH- 1/3 1/3 -1/2 0 0 1/2 1/3 1/3 -1/6≥
ϕGH+ -1/3 -1/3 1/2 0 0 -1/2 -1/3 -1/3 -17/6≥
ϕHD- 0 0 -1 0 0 0 0 0 -2≥
S -2/3 -8/3 1 1 1 1 -2/3 -5/3 -13/6≥
ϕDH- 0 1 0 -1 0 0 0 0 -3/2≥
Y -2/3 -5/3 1 1 1 1 -2/3 -8/3 -13/6≥
LX 2/3 5/3 -1 -1 -1 -1 2/3 5/3 -1/3≥
Max -1/18 -1/18 0 0 0 0 -1/18 -1/18 -2/9=
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Vettori soluzione della programmazione lineare
X Y Z T S R αbF X- Fb

ϕAB- 0 0 0 0 0 0 0 0 0≥
ϕAB+ 0 0 0 0 0 0 0 0 1/18≥
ϕBA- 0 0 0 0 0 0 0 0 0≥
ϕBA+ 0 0 0 0 0 0 0 0 1/18≥
ϕBC- 0 0 0 0 0 0 0 0 0≥
ϕBC+ 0 0 0 0 0 0 0 0 0≥
ϕCD- 0 0 0 0 0 0 0 0 0≥
ϕCD+ 0 0 0 0 0 0 0 0 0≥
ϕDC- 0 0 0 0 0 0 0 0 0≥
ϕDC+ 0 0 0 0 0 0 0 0 0≥
ϕDE- 0 0 0 0 0 0 0 0 0≥
ϕDE+ 0 0 0 0 0 0 0 0 1/18≥
ϕED- 0 0 0 0 0 0 0 0 0≥
ϕED+ 0 0 0 0 0 0 0 0 1/18≥
ϕBF- 0 0 0 0 0 0 0 0 0≥
ϕBF+ 0 0 0 0 0 0 0 0 0≥
ϕFB- 0 0 0 0 0 0 0 0 0≥
ϕFB+ 0 0 0 0 0 0 0 0 0≥
ϕGH- 0 0 0 0 0 0 0 0 0≥
ϕGH+ 0 0 0 0 0 0 0 0 0≥
ϕHD- 0 0 0 0 0 0 0 0 0≥
ϕHD+ 0 0 0 0 0 0 0 0 0≥
ϕDH- 0 0 0 0 0 0 0 0 0≥
ϕDH+ 0 0 0 0 0 0 0 0 0≥
LX 0 0 0 0 0 0 0 0 0≥
Max 13/6 13/6 0 4/9 13/6 13/6 2/9 7/6 -2/9=

Variabili soluzione dedotto il valore X-
X Y Z T S R
1 1 -7/6 -13/18 1 1
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Variabili soluzione differenza tra rotazioni

ϕAB 1/18
ϕBA 1/18
ϕBC 0
ϕCD 0
ϕDC 0
ϕDE 1/18
ϕED 1/18
ϕBF 0
ϕFB 0
ϕGH 0
ϕHD 0
ϕDH 0

REAZIONI Fattore di collasso = 2/9
HA = -2/3F
VA = -1/18F
WA = Fb
HE = -2/3F
VE = 41/18F
WE = Fb

HAB = -2/3F
VAB = -1/18F
WAB = Fb
HBA = 2/3F
VBA = 1/18F
WBA = Fb

HBC = 1/6F
VBC = -2/9F
WBC = -7/6Fb
HCB = -1/6F
VCB = 2/9F
WCB = 13/18Fb

HCD = 1/6F
VCD = -10/9F
WCD = -13/18Fb
HDC = -1/6F
VDC = 10/9F
WDC = -3/2Fb

HDE = 2/3F
VDE = -41/18F
WDE = Fb
HED = -2/3F
VED = 41/18F
WED = Fb

HBF = -7/18F
VBF = 1/6F
WBF = 1/6Fb
HFB = 7/18F
VFB = -1/6F
WFB = Fb

HFG = 1/2F
VFG = 1/6F
WFG = -Fb
HGF = -1/2F
VGF = -1/6F
WGF = 4/3Fb

HGH = 1/2F
VGH = -7/6F
WGH = -4/3Fb
HHG = -1/2F
VHG = 7/6F
WHG = -Fb

HHD = 1/2F
VHD = -7/6F
WHD = Fb
HDH = -1/2F
VDH = 7/6F
WDH = 1/2Fb

SPOSTAMENTI NODALI

uAAB = 0
vAAB = 0
ϕAAB = -1/18δ/b

uB = 1/6δ
vB = 0
ϕB = -1/18δ/b

uC = 1/6δ
vC = 0
ϕC = 0

uD = 1/6δ
vD = 0
ϕD = 0

uEED = 0
vEED = 0
ϕE = -1/18δ/b
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uF = 1/6δ
vF = 0
ϕF = 0

uG = 1/6δ
vG = 0
ϕG = 0

uH = 1/6δ
vH = 0
ϕH = 0

SPOSTAMENTI RIGIDI DELLE ASTE

uAAB = 0
vAAB = 0
ϕAAB = -1/18δ/b

uBBC = 1/6δ
vBBC = 0
ϕBBC = 0

uCCD = 1/6δ
vCCD = 0
ϕCCD = 0

uDDE = 1/6δ
vDDE = 0
ϕDDE = -1/18δ/b

uBBF = 1/6δ
vBBF = 0
ϕBBF = 0

uFFG = 1/6δ
vFFG = 0
ϕFFG = 0

uGGH = 1/6δ
vGGH = 0
ϕGGH = 0

uHHD = 1/6δ
vHHD = 0
ϕHHD = 0
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PROGRAMMAZIONE LINEARE
Sia Hij la matrice del simplesso, con m righe e n colonne.
Siano Pj le variabili primali di riga e Di le variabili duali di colonna, con 1≤j<n, 1≤i<m.
Siano a riga m i coefficienti della funzione obiettivo primale max Σj Hmj Pj, 1≤j<n.
Siano a colonna n i coefficienti della funzione obiettivo duale min Σi Hin Di, 1≤i<m.
Sequenza di operazioni pivotali:
1 Sia q  (1≤q<n) la colonna pivot con massimo valore Hmj in riga m.
2 Sia p  (1≤p<m) la riga pivot di colonna q, a coefficiente negativo Hiq, che minimizza il rapporto Hin/Hiq.
3 Si ottiene il coefficiente pivotale Hpq.
4 Si scambia la variabile primale Pq con la duale Dp.
5 Si ridefinisce il coefficiente pivotale Hpq=1/Hpq.
6 Si ridefiniscono i coefficienti della colonna pivot q: Hiq = Hpq Hiq, escluso il pivot Hpq.
7 Si ridefiniscono tutti i coefficienti della matrice, esclusa la riga p e la colonna q: Hij = Hij - Hiq Hpj.
8 Si ridefiniscono i coefficienti della riga pivot p: Hpj = - Hpq Hpj, escluso il pivot Hpq.
Si ripete il ciclo 1-8 sino a quando la funzione obiettivo di riga m ha solo coefficienti non-positivi.
Giunti a questo punto, si individua la soluzione.
Si hanno gli elementi non nulli del vettore soluzione primale, con segno cambiato, sulla colonna n dei
termini noti, in corrispondenza delle variabili Pj presenti sulla colonna di sinistra.
Si hanno gli elementi non nulli del vettore soluzione duale, con segno cambiato, sulla riga m
della funzione obiettivo, in corrispondenza delle variabili Di presenti sulla colonna superiore.

Programmazione lineare m=6,n=4
P1 P2 P3 MIN

D1 H11 H12 H13 H14≥
D2 H21 H22 H23 H24≥
D3 H31 H32 H33 H34≥
D4 H41 H42 H43 H44≥
D5 H51 H52 H53 H54≥
MAX H61 H62 H63 H64=
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SOLUZIONE DEL SIMPLESSO  X=WAB Y=WBA Z=WBC T=WCD S=WDE R=WFG

Tableau con variabili non vincolate in segno
X Y Z T S R αbF Fb

WAB- 1 0 0 0 0 0 0 -2≥
WAB+ 1 0 0 0 0 0 0 2≤
WBA- 0 1 0 0 0 0 0 -2≥
WBA+ 0 1 0 0 0 0 0 2≤
WBC- 0 0 1 0 0 0 0 -3/2≥
WBC+ 0 0 1 0 0 0 0 3/2≤
WCD- 0 0 0 1 0 0 0 -3/2≥
WCD+ 0 0 0 1 0 0 0 3/2≤
WDC- 0 0 1 -2 0 0 -12 -3/2≥
WDC+ 0 0 1 -2 0 0 -12 3/2≤
WDE- 0 0 0 0 1 0 0 -2≥
WDE+ 0 0 0 0 1 0 0 2≤
WED- -1 -1 0 0 -1 0 9 -2≥
WED+ -1 -1 0 0 -1 0 9 2≤
WBF- 0 -1 -1 0 0 0 0 -2≥
WBF+ 0 -1 -1 0 0 0 0 2≤
WFG- 0 0 0 0 0 1 0 -3/2≥
WFG+ 0 0 0 0 0 1 0 3/2≤
WGH- 0 1/2 1 -1 1/2 1 -7 -3/2≥
WGH+ 0 1/2 1 -1 1/2 1 -7 3/2≤
WHG- 0 -1 -2 2 -1 -1 6 -3/2≥
WHG+ 0 -1 -2 2 -1 -1 6 3/2≤
WDH- 0 0 -1 2 -1 0 12 -2≥
WDH+ 0 0 -1 2 -1 0 12 2≤
Max 0 0 0 0 0 0 1 0=
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Tableau con variabili non vincolate in segno
X Y Z T S R αbF Fb

WAB- 1 0 0 0 0 0 0 -2≥
WAB+ -1 0 0 0 0 0 0 -2≥
WBA- 0 1 0 0 0 0 0 -2≥
WBA+ 0 -1 0 0 0 0 0 -2≥
WBC- 0 0 1 0 0 0 0 -3/2≥
WBC+ 0 0 -1 0 0 0 0 -3/2≥
WCD- 0 0 0 1 0 0 0 -3/2≥
WCD+ 0 0 0 -1 0 0 0 -3/2≥
WDC- 0 0 1 -2 0 0 -12 -3/2≥
WDC+ 0 0 -1 2 0 0 12 -3/2≥
WDE- 0 0 0 0 1 0 0 -2≥
WDE+ 0 0 0 0 -1 0 0 -2≥
WED- -1 -1 0 0 -1 0 9 -2≥
WED+ 1 1 0 0 1 0 -9 -2≥
WBF- 0 -1 -1 0 0 0 0 -2≥
WBF+ 0 1 1 0 0 0 0 -2≥
WFG- 0 0 0 0 0 1 0 -3/2≥
WFG+ 0 0 0 0 0 -1 0 -3/2≥
WGH- 0 1/2 1 -1 1/2 1 -7 -3/2≥
WGH+ 0 -1/2 -1 1 -1/2 -1 7 -3/2≥
WHG- 0 -1 -2 2 -1 -1 6 -3/2≥
WHG+ 0 1 2 -2 1 1 -6 -3/2≥
WDH- 0 0 -1 2 -1 0 12 -2≥
WDH+ 0 0 1 -2 1 0 -12 -2≥
Max 0 0 0 0 0 0 1 0=
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Tableau con variabili vincolate in segno
X+ Y+ Z+ T+ S+ R+ X- Y- Z- T- S- R- αbF Fb

WAB- 1 0 0 0 0 0 -1 0 0 0 0 0 0 -2≥
WAB+ -1 0 0 0 0 0 1 0 0 0 0 0 0 -2≤
WBA- 0 1 0 0 0 0 0 -1 0 0 0 0 0 -2≥
WBA+ 0 -1 0 0 0 0 0 1 0 0 0 0 0 -2≤
WBC- 0 0 1 0 0 0 0 0 -1 0 0 0 0 -3/2≥
WBC+ 0 0 -1 0 0 0 0 0 1 0 0 0 0 -3/2≤
WCD- 0 0 0 1 0 0 0 0 0 -1 0 0 0 -3/2≥
WCD+ 0 0 0 -1 0 0 0 0 0 1 0 0 0 -3/2≤
WDC- 0 0 1 -2 0 0 0 0 -1 2 0 0 -12 -3/2≥
WDC+ 0 0 -1 2 0 0 0 0 1 -2 0 0 12 -3/2≤
WDE- 0 0 0 0 1 0 0 0 0 0 -1 0 0 -2≥
WDE+ 0 0 0 0 -1 0 0 0 0 0 1 0 0 -2≤
WED- -1 -1 0 0 -1 0 1 1 0 0 1 0 9 -2≥
WED+ 1 1 0 0 1 0 -1 -1 0 0 -1 0 -9 -2≤
WBF- 0 -1 -1 0 0 0 0 1 1 0 0 0 0 -2≥
WBF+ 0 1 1 0 0 0 0 -1 -1 0 0 0 0 -2≤
WFG- 0 0 0 0 0 1 0 0 0 0 0 -1 0 -3/2≥
WFG+ 0 0 0 0 0 -1 0 0 0 0 0 1 0 -3/2≤
WGH- 0 1/2 1 -1 1/2 1 0 -1/2 -1 1 -1/2 -1 -7 -3/2≥
WGH+ 0 -1/2 -1 1 -1/2 -1 0 1/2 1 -1 1/2 1 7 -3/2≤
WHG- 0 -1 -2 2 -1 -1 0 1 2 -2 1 1 6 -3/2≥
WHG+ 0 1 2 -2 1 1 0 -1 -2 2 -1 -1 -6 -3/2≤
WDH- 0 0 -1 2 -1 0 0 0 1 -2 1 0 12 -2≥
WDH+ 0 0 1 -2 1 0 0 0 -1 2 -1 0 -12 -2≤
Max 0 0 0 0 0 0 0 0 0 0 0 0 1 0=
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Tableau a variabili negative su X- e limitate
X Y Z T S R αbF X- Fb

ϕAB- 1 0 0 0 0 0 0 -1 -2≥
ϕAB+ -1 0 0 0 0 0 0 1 -2≥
ϕBA- 0 1 0 0 0 0 0 -1 -2≥
ϕBA+ 0 -1 0 0 0 0 0 1 -2≥
ϕBC- 0 0 1 0 0 0 0 -1 -3/2≥
ϕBC+ 0 0 -1 0 0 0 0 1 -3/2≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
ϕDC- 0 0 1 -2 0 0 -12 1 -3/2≥
ϕDC+ 0 0 -1 2 0 0 12 -1 -3/2≥
ϕDE- 0 0 0 0 1 0 0 -1 -2≥
ϕDE+ 0 0 0 0 -1 0 0 1 -2≥
ϕED- -1 -1 0 0 -1 0 9 3 -2≥
ϕED+ 1 1 0 0 1 0 -9 -3 -2≥
ϕBF- 0 -1 -1 0 0 0 0 2 -2≥
ϕBF+ 0 1 1 0 0 0 0 -2 -2≥
ϕFG- 0 0 0 0 0 1 0 -1 -3/2≥
ϕFG+ 0 0 0 0 0 -1 0 1 -3/2≥
ϕGH- 0 1/2 1 -1 1/2 1 -7 -2 -3/2≥
ϕGH+ 0 -1/2 -1 1 -1/2 -1 7 2 -3/2≥
ϕHG- 0 -1 -2 2 -1 -1 6 3 -3/2≥
ϕHG+ 0 1 2 -2 1 1 -6 -3 -3/2≥
ϕDH- 0 0 -1 2 -1 0 12 0 -2≥
ϕDH+ 0 0 1 -2 1 0 -12 0 -2≥
LX 0 0 0 0 0 0 0 -1 -2≥
Max 0 0 0 0 0 0 1 0 0=
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Scambio pivotale 9-7
X Y Z T S R ϕDC- X- Fb

ϕAB- 1 0 0 0 0 0 0 -1 -2≥
ϕAB+ -1 0 0 0 0 0 0 1 -2≥
ϕBA- 0 1 0 0 0 0 0 -1 -2≥
ϕBA+ 0 -1 0 0 0 0 0 1 -2≥
ϕBC- 0 0 1 0 0 0 0 -1 -3/2≥
ϕBC+ 0 0 -1 0 0 0 0 1 -3/2≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
αbF 0 0 1/12 -1/6 0 0 -1/12 1/12 -1/8≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 0 0 0 1 0 0 -1 -2≥
ϕDE+ 0 0 0 0 -1 0 0 1 -2≥
ϕED- -1 -1 3/4 -3/2 -1 0 -3/4 15/4 -25/8≥
ϕED+ 1 1 -3/4 3/2 1 0 3/4 -15/4 -7/8≥
ϕBF- 0 -1 -1 0 0 0 0 2 -2≥
ϕBF+ 0 1 1 0 0 0 0 -2 -2≥
ϕFG- 0 0 0 0 0 1 0 -1 -3/2≥
ϕFG+ 0 0 0 0 0 -1 0 1 -3/2≥
ϕGH- 0 1/2 5/12 1/6 1/2 1 7/12 -31/12 -5/8≥
ϕGH+ 0 -1/2 -5/12 -1/6 -1/2 -1 -7/12 31/12 -19/8≥
ϕHG- 0 -1 -3/2 1 -1 -1 -1/2 7/2 -9/4≥
ϕHG+ 0 1 3/2 -1 1 1 1/2 -7/2 -3/4≥
ϕDH- 0 0 0 0 -1 0 -1 1 -7/2≥
ϕDH+ 0 0 0 0 1 0 1 -1 -1/2≥
LX 0 0 0 0 0 0 0 -1 -2≥
Max 0 0 1/12 -1/6 0 0 -1/12 1/12 -1/8=
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Scambio pivotale 14-3
X Y ϕED+ T S R ϕDC- X- Fb

ϕAB- 1 0 0 0 0 0 0 -1 -2≥
ϕAB+ -1 0 0 0 0 0 0 1 -2≥
ϕBA- 0 1 0 0 0 0 0 -1 -2≥
ϕBA+ 0 -1 0 0 0 0 0 1 -2≥
ϕBC- 4/3 4/3 -4/3 2 4/3 0 1 -6 -8/3≥
ϕBC+ -4/3 -4/3 4/3 -2 -4/3 0 -1 6 -1/3≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
αbF 1/9 1/9 -1/9 0 1/9 0 0 -1/3 -2/9≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 0 0 0 1 0 0 -1 -2≥
ϕDE+ 0 0 0 0 -1 0 0 1 -2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z 4/3 4/3 -4/3 2 4/3 0 1 -5 -7/6≥
ϕBF- -4/3 -7/3 4/3 -2 -4/3 0 -1 7 -5/6≥
ϕBF+ 4/3 7/3 -4/3 2 4/3 0 1 -7 -19/6≥
ϕFG- 0 0 0 0 0 1 0 -1 -3/2≥
ϕFG+ 0 0 0 0 0 -1 0 1 -3/2≥
ϕGH- 5/9 19/18 -5/9 1 19/18 1 1 -14/3 -10/9≥
ϕGH+ -5/9 -19/18 5/9 -1 -19/18 -1 -1 14/3 -17/9≥
ϕHG- -2 -3 2 -2 -3 -1 -2 11 -1/2≥
ϕHG+ 2 3 -2 2 3 1 2 -11 -5/2≥
ϕDH- 0 0 0 0 -1 0 -1 1 -7/2≥
ϕDH+ 0 0 0 0 1 0 1 -1 -1/2≥
LX 0 0 0 0 0 0 0 -1 -2≥
Max 1/9 1/9 -1/9 0 1/9 0 0 -1/3 -2/9=
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Scambio pivotale 6-1
ϕBC+ Y ϕED+ T S R ϕDC- X- Fb

ϕAB- -3/4 -1 1 -3/2 -1 0 -3/4 7/2 -9/4≥
ϕAB+ 3/4 1 -1 3/2 1 0 3/4 -7/2 -7/4≥
ϕBA- 0 1 0 0 0 0 0 -1 -2≥
ϕBA+ 0 -1 0 0 0 0 0 1 -2≥
ϕBC- -1 0 0 0 0 0 0 0 -3≥
X -3/4 -1 1 -3/2 -1 0 -3/4 9/2 -1/4≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
αbF -1/12 0 0 -1/6 0 0 -1/12 1/6 -1/4≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 0 0 0 1 0 0 -1 -2≥
ϕDE+ 0 0 0 0 -1 0 0 1 -2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z -1 0 0 0 0 0 0 1 -3/2≥
ϕBF- 1 -1 0 0 0 0 0 1 -1/2≥
ϕBF+ -1 1 0 0 0 0 0 -1 -7/2≥
ϕFG- 0 0 0 0 0 1 0 -1 -3/2≥
ϕFG+ 0 0 0 0 0 -1 0 1 -3/2≥
ϕGH- -5/12 1/2 0 1/6 1/2 1 7/12 -13/6 -5/4≥
ϕGH+ 5/12 -1/2 0 -1/6 -1/2 -1 -7/12 13/6 -7/4≥
ϕHG- 3/2 -1 0 1 -1 -1 -1/2 2 0≥
ϕHG+ -3/2 1 0 -1 1 1 1/2 -2 -3≥
ϕDH- 0 0 0 0 -1 0 -1 1 -7/2≥
ϕDH+ 0 0 0 0 1 0 1 -1 -1/2≥
LX 0 0 0 0 0 0 0 -1 -2≥
Max -1/12 0 0 -1/6 0 0 -1/12 1/6 -1/4=
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Scambio pivotale 2-8
ϕBC+ Y ϕED+ T S R ϕDC- ϕAB+ Fb

ϕAB- 0 0 0 0 0 0 0 -1 -4≥
X- 3/14 2/7 -2/7 3/7 2/7 0 3/14 -2/7 -1/2≥
ϕBA- -3/14 5/7 2/7 -3/7 -2/7 0 -3/14 2/7 -3/2≥
ϕBA+ 3/14 -5/7 -2/7 3/7 2/7 0 3/14 -2/7 -5/2≥
ϕBC- -1 0 0 0 0 0 0 0 -3≥
X 3/14 2/7 -2/7 3/7 2/7 0 3/14 -9/7 -5/2≥
ϕCD- -3/14 -2/7 2/7 4/7 -2/7 0 -3/14 2/7 -1≥
ϕCD+ 3/14 2/7 -2/7 -4/7 2/7 0 3/14 -2/7 -2≥
αbF -1/21 1/21 -1/21 -2/21 1/21 0 -1/21 -1/21 -1/3≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- -3/14 -2/7 2/7 -3/7 5/7 0 -3/14 2/7 -3/2≥
ϕDE+ 3/14 2/7 -2/7 3/7 -5/7 0 3/14 -2/7 -5/2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z -11/14 2/7 -2/7 3/7 2/7 0 3/14 -2/7 -2≥
ϕBF- 17/14 -5/7 -2/7 3/7 2/7 0 3/14 -2/7 -1≥
ϕBF+ -17/14 5/7 2/7 -3/7 -2/7 0 -3/14 2/7 -3≥
ϕFG- -3/14 -2/7 2/7 -3/7 -2/7 1 -3/14 2/7 -1≥
ϕFG+ 3/14 2/7 -2/7 3/7 2/7 -1 3/14 -2/7 -2≥
ϕGH- -37/42 -5/42 13/21 -16/21 -5/42 1 5/42 13/21 -1/6≥
ϕGH+ 37/42 5/42 -13/21 16/21 5/42 -1 -5/42 -13/21 -17/6≥
ϕHG- 27/14 -3/7 -4/7 13/7 -3/7 -1 -1/14 -4/7 -1≥
ϕHG+ -27/14 3/7 4/7 -13/7 3/7 1 1/14 4/7 -2≥
ϕDH- 3/14 2/7 -2/7 3/7 -5/7 0 -11/14 -2/7 -4≥
ϕDH+ -3/14 -2/7 2/7 -3/7 5/7 0 11/14 2/7 0≥
LX -3/14 -2/7 2/7 -3/7 -2/7 0 -3/14 2/7 -3/2≥
Max -1/21 1/21 -1/21 -2/21 1/21 0 -1/21 -1/21 -1/3=
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Scambio pivotale 24-2
ϕBC+ ϕDH+ ϕED+ T S R ϕDC- ϕAB+ Fb

ϕAB- 0 0 0 0 0 0 0 -1 -4≥
X- 0 -1 0 0 1 0 1 0 -1/2≥
ϕBA- -3/4 -5/2 1 -3/2 3/2 0 7/4 1 -3/2≥
ϕBA+ 3/4 5/2 -1 3/2 -3/2 0 -7/4 -1 -5/2≥
ϕBC- -1 0 0 0 0 0 0 0 -3≥
X 0 -1 0 0 1 0 1 -1 -5/2≥
ϕCD- 0 1 0 1 -1 0 -1 0 -1≥
ϕCD+ 0 -1 0 -1 1 0 1 0 -2≥
αbF -1/12 -1/6 0 -1/6 1/6 0 1/12 0 -1/3≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 1 0 0 0 0 -1 0 -3/2≥
ϕDE+ 0 -1 0 0 0 0 1 0 -5/2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z -1 -1 0 0 1 0 1 0 -2≥
ϕBF- 7/4 5/2 -1 3/2 -3/2 0 -7/4 -1 -1≥
ϕBF+ -7/4 -5/2 1 -3/2 3/2 0 7/4 1 -3≥
ϕFG- 0 1 0 0 -1 1 -1 0 -1≥
ϕFG+ 0 -1 0 0 1 -1 1 0 -2≥
ϕGH- -19/24 5/12 1/2 -7/12 -5/12 1 -5/24 1/2 -1/6≥
ϕGH+ 19/24 -5/12 -1/2 7/12 5/12 -1 5/24 -1/2 -17/6≥
ϕHG- 9/4 3/2 -1 5/2 -3/2 -1 -5/4 -1 -1≥
ϕHG+ -9/4 -3/2 1 -5/2 3/2 1 5/4 1 -2≥
ϕDH- 0 -1 0 0 0 0 0 0 -4≥
Y -3/4 -7/2 1 -3/2 5/2 0 11/4 1 0≥
LX 0 1 0 0 -1 0 -1 0 -3/2≥
Max -1/12 -1/6 0 -1/6 1/6 0 1/12 0 -1/3=
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Scambio pivotale 19-5
ϕBC+ ϕDH+ ϕED+ T ϕGH- R ϕDC- ϕAB+ Fb

ϕAB- 0 0 0 0 0 0 0 -1 -4≥
X- -19/10 0 6/5 -7/5 -12/5 12/5 1/2 6/5 -9/10≥
ϕBA- -18/5 -1 14/5 -18/5 -18/5 18/5 1 14/5 -21/10≥
ϕBA+ 18/5 1 -14/5 18/5 18/5 -18/5 -1 -14/5 -19/10≥
ϕBC- -1 0 0 0 0 0 0 0 -3≥
X -19/10 0 6/5 -7/5 -12/5 12/5 1/2 1/5 -29/10≥
ϕCD- 19/10 0 -6/5 12/5 12/5 -12/5 -1/2 -6/5 -3/5≥
ϕCD+ -19/10 0 6/5 -12/5 -12/5 12/5 1/2 6/5 -12/5≥
αbF -2/5 0 1/5 -2/5 -2/5 2/5 0 1/5 -2/5≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 1 0 0 0 0 -1 0 -3/2≥
ϕDE+ 0 -1 0 0 0 0 1 0 -5/2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z -29/10 0 6/5 -7/5 -12/5 12/5 1/2 6/5 -12/5≥
ϕBF- 23/5 1 -14/5 18/5 18/5 -18/5 -1 -14/5 -2/5≥
ϕBF+ -23/5 -1 14/5 -18/5 -18/5 18/5 1 14/5 -18/5≥
ϕFG- 19/10 0 -6/5 7/5 12/5 -7/5 -1/2 -6/5 -3/5≥
ϕFG+ -19/10 0 6/5 -7/5 -12/5 7/5 1/2 6/5 -12/5≥
S -19/10 1 6/5 -7/5 -12/5 12/5 -1/2 6/5 -2/5≥
ϕGH+ 0 0 0 0 -1 0 0 0 -3≥
ϕHG- 51/10 0 -14/5 23/5 18/5 -23/5 -1/2 -14/5 -2/5≥
ϕHG+ -51/10 0 14/5 -23/5 -18/5 23/5 1/2 14/5 -13/5≥
ϕDH- 0 -1 0 0 0 0 0 0 -4≥
Y -11/2 -1 4 -5 -6 6 3/2 4 -1≥
LX 19/10 0 -6/5 7/5 12/5 -12/5 -1/2 -6/5 -11/10≥
Max -2/5 0 1/5 -2/5 -2/5 2/5 0 1/5 -2/5=
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Scambio pivotale 21-6
ϕBC+ ϕDH+ ϕED+ T ϕGH- ϕHG- ϕDC- ϕAB+ Fb

ϕAB- 0 0 0 0 0 0 0 -1 -4≥
X- 35/46 0 -6/23 1 -12/23 -12/23 11/46 -6/23 -51/46≥
ϕBA- 9/23 -1 14/23 0 -18/23 -18/23 14/23 14/23 -111/46≥
ϕBA+ -9/23 1 -14/23 0 18/23 18/23 -14/23 -14/23 -73/46≥
ϕBC- -1 0 0 0 0 0 0 0 -3≥
X 35/46 0 -6/23 1 -12/23 -12/23 11/46 -29/23 -143/46≥
ϕCD- -35/46 0 6/23 0 12/23 12/23 -11/46 6/23 -9/23≥
ϕCD+ 35/46 0 -6/23 0 -12/23 -12/23 11/46 -6/23 -60/23≥
αbF 1/23 0 -1/23 0 -2/23 -2/23 -1/23 -1/23 -10/23≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 1 0 0 0 0 -1 0 -3/2≥
ϕDE+ 0 -1 0 0 0 0 1 0 -5/2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z -11/46 0 -6/23 1 -12/23 -12/23 11/46 -6/23 -60/23≥
ϕBF- 14/23 1 -14/23 0 18/23 18/23 -14/23 -14/23 -2/23≥
ϕBF+ -14/23 -1 14/23 0 -18/23 -18/23 14/23 14/23 -90/23≥
ϕFG- 8/23 0 -8/23 0 30/23 7/23 -8/23 -8/23 -11/23≥
ϕFG+ -8/23 0 8/23 0 -30/23 -7/23 8/23 8/23 -58/23≥
S 35/46 1 -6/23 1 -12/23 -12/23 -35/46 -6/23 -14/23≥
ϕGH+ 0 0 0 0 -1 0 0 0 -3≥
R 51/46 0 -14/23 1 18/23 -5/23 -5/46 -14/23 -2/23≥
ϕHG+ 0 0 0 0 0 -1 0 0 -3≥
ϕDH- 0 -1 0 0 0 0 0 0 -4≥
Y 53/46 -1 8/23 1 -30/23 -30/23 39/46 8/23 -35/23≥
LX -35/46 0 6/23 -1 12/23 12/23 -11/46 6/23 -41/46≥
Max 1/23 0 -1/23 0 -2/23 -2/23 -1/23 -1/23 -10/23=
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Scambio pivotale 7-1
ϕCD- ϕDH+ ϕED+ T ϕGH- ϕHG- ϕDC- ϕAB+ Fb

ϕAB- 0 0 0 0 0 0 0 -1 -4≥
X- -1 0 0 1 0 0 0 0 -3/2≥
ϕBA- -18/35 -1 26/35 0 -18/35 -18/35 17/35 26/35 -183/70≥
ϕBA+ 18/35 1 -26/35 0 18/35 18/35 -17/35 -26/35 -97/70≥
ϕBC- 46/35 0 -12/35 0 -24/35 -24/35 11/35 -12/35 -87/35≥
X -1 0 0 1 0 0 0 -1 -7/2≥
ϕBC+ -46/35 0 12/35 0 24/35 24/35 -11/35 12/35 -18/35≥
ϕCD+ -1 0 0 0 0 0 0 0 -3≥
αbF -2/35 0 -1/35 0 -2/35 -2/35 -2/35 -1/35 -16/35≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 1 0 0 0 0 -1 0 -3/2≥
ϕDE+ 0 -1 0 0 0 0 1 0 -5/2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z 11/35 0 -12/35 1 -24/35 -24/35 11/35 -12/35 -87/35≥
ϕBF- -4/5 1 -2/5 0 6/5 6/5 -4/5 -2/5 -2/5≥
ϕBF+ 4/5 -1 2/5 0 -6/5 -6/5 4/5 2/5 -18/5≥
ϕFG- -16/35 0 -8/35 0 54/35 19/35 -16/35 -8/35 -23/35≥
ϕFG+ 16/35 0 8/35 0 -54/35 -19/35 16/35 8/35 -82/35≥
S -1 1 0 1 0 0 -1 0 -1≥
ϕGH+ 0 0 0 0 -1 0 0 0 -3≥
R -51/35 0 -8/35 1 54/35 19/35 -16/35 -8/35 -23/35≥
ϕHG+ 0 0 0 0 0 -1 0 0 -3≥
ϕDH- 0 -1 0 0 0 0 0 0 -4≥
Y -53/35 -1 26/35 1 -18/35 -18/35 17/35 26/35 -74/35≥
LX 1 0 0 -1 0 0 0 0 -1/2≥
Max -2/35 0 -1/35 0 -2/35 -2/35 -2/35 -1/35 -16/35=
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Tableau finale
ϕCD- ϕDH+ ϕED+ T ϕGH- ϕHG- ϕDC- ϕAB+ Fb

ϕAB- 0 0 0 0 0 0 0 -1 -4≥
X- -1 0 0 1 0 0 0 0 -3/2≥
ϕBA- -18/35 -1 26/35 0 -18/35 -18/35 17/35 26/35 -183/70≥
ϕBA+ 18/35 1 -26/35 0 18/35 18/35 -17/35 -26/35 -97/70≥
ϕBC- 46/35 0 -12/35 0 -24/35 -24/35 11/35 -12/35 -87/35≥
X -1 0 0 1 0 0 0 -1 -7/2≥
ϕBC+ -46/35 0 12/35 0 24/35 24/35 -11/35 12/35 -18/35≥
ϕCD+ -1 0 0 0 0 0 0 0 -3≥
αbF -2/35 0 -1/35 0 -2/35 -2/35 -2/35 -1/35 -16/35≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 1 0 0 0 0 -1 0 -3/2≥
ϕDE+ 0 -1 0 0 0 0 1 0 -5/2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z 11/35 0 -12/35 1 -24/35 -24/35 11/35 -12/35 -87/35≥
ϕBF- -4/5 1 -2/5 0 6/5 6/5 -4/5 -2/5 -2/5≥
ϕBF+ 4/5 -1 2/5 0 -6/5 -6/5 4/5 2/5 -18/5≥
ϕFG- -16/35 0 -8/35 0 54/35 19/35 -16/35 -8/35 -23/35≥
ϕFG+ 16/35 0 8/35 0 -54/35 -19/35 16/35 8/35 -82/35≥
S -1 1 0 1 0 0 -1 0 -1≥
ϕGH+ 0 0 0 0 -1 0 0 0 -3≥
R -51/35 0 -8/35 1 54/35 19/35 -16/35 -8/35 -23/35≥
ϕHG+ 0 0 0 0 0 -1 0 0 -3≥
ϕDH- 0 -1 0 0 0 0 0 0 -4≥
Y -53/35 -1 26/35 1 -18/35 -18/35 17/35 26/35 -74/35≥
LX 1 0 0 -1 0 0 0 0 -1/2≥
Max -2/35 0 -1/35 0 -2/35 -2/35 -2/35 -1/35 -16/35=



AL4.006PROCEDIMENTO E RISULTATI Nome:

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.11.05.11 08.06.11

Vettori soluzione della programmazione lineare
X Y Z T S R αbF X- Fb

ϕAB- 0 0 0 0 0 0 0 0 0≥
ϕAB+ 0 0 0 0 0 0 0 0 1/35≥
ϕBA- 0 0 0 0 0 0 0 0 0≥
ϕBA+ 0 0 0 0 0 0 0 0 0≥
ϕBC- 0 0 0 0 0 0 0 0 0≥
ϕBC+ 0 0 0 0 0 0 0 0 0≥
ϕCD- 0 0 0 0 0 0 0 0 2/35≥
ϕCD+ 0 0 0 0 0 0 0 0 0≥
ϕDC- 0 0 0 0 0 0 0 0 2/35≥
ϕDC+ 0 0 0 0 0 0 0 0 0≥
ϕDE- 0 0 0 0 0 0 0 0 0≥
ϕDE+ 0 0 0 0 0 0 0 0 0≥
ϕED- 0 0 0 0 0 0 0 0 0≥
ϕED+ 0 0 0 0 0 0 0 0 1/35≥
ϕBF- 0 0 0 0 0 0 0 0 0≥
ϕBF+ 0 0 0 0 0 0 0 0 0≥
ϕFG- 0 0 0 0 0 0 0 0 0≥
ϕFG+ 0 0 0 0 0 0 0 0 0≥
ϕGH- 0 0 0 0 0 0 0 0 2/35≥
ϕGH+ 0 0 0 0 0 0 0 0 0≥
ϕHG- 0 0 0 0 0 0 0 0 2/35≥
ϕHG+ 0 0 0 0 0 0 0 0 0≥
ϕDH- 0 0 0 0 0 0 0 0 0≥
ϕDH+ 0 0 0 0 0 0 0 0 0≥
LX 0 0 0 0 0 0 0 0 0≥
Max 7/2 74/35 87/35 0 1 23/35 16/35 3/2 -16/35=

Variabili soluzione dedotto il valore X-
X Y Z T S R
2 43/70 69/70 -3/2 -1/2 -59/70
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Variabili soluzione differenza tra rotazioni

ϕAB 1/35
ϕBA 0
ϕBC 0
ϕCD -2/35
ϕDC -2/35
ϕDE 0
ϕED 1/35
ϕBF 0
ϕFG 0
ϕGH -2/35
ϕHG -2/35
ϕDH 0

REAZIONI Fattore di collasso = 16/35
HA = -61/70F
VA = 11/7F
WA = 2Fb
HE = -1/2F
VE = 3F
WE = 2Fb

HAB = -61/70F
VAB = 11/7F
WAB = 2Fb
HBA = 61/70F
VBA = -11/7F
WBA = 43/70Fb

HBC = -2/3F
VBC = 87/70F
WBC = 69/70Fb
HCB = 2/3F
VCB = -87/70F
WCB = 3/2Fb

HCD = -2/3F
VCD = -3/2F
WCD = -3/2Fb
HDC = 2/3F
VDC = 3/2F
WDC = -3/2Fb

HDE = 1/2F
VDE = -3F
WDE = -1/2Fb
HED = -1/2F
VED = 3F
WED = 2Fb

HBF = 53/210F
VBF = 23/70F
WBF = -8/5Fb
HFB = -53/210F
VFB = -23/70F
WFB = 59/70Fb

HFG = 7/6F
VFG = 23/70F
WFG = -59/70Fb
HGF = -7/6F
VGF = -23/70F
WGF = 3/2Fb

HGH = 7/6F
VGH = -3/2F
WGH = -3/2Fb
HHG = -7/6F
VHG = 3/2F
WHG = -3/2Fb

HHD = 7/6F
VHD = -3/2F
WHD = 3/2Fb
HDH = -7/6F
VDH = 3/2F
WDH = 2Fb

SPOSTAMENTI NODALI

uAAB = 0
vAAB = 0
ϕAAB = -1/35δ/b

uB = 3/35δ
vB = 0
ϕB = -1/35δ/b

uCCB = 3/35δ
vCCB = -2/35δ
ϕCCB = -1/35δ/b

uD = 3/35δ
vD = 0
ϕD = 1/35δ/b

uEED = 0
vEED = 0
ϕE = -1/35δ/b
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uF = 6/35δ
vF = 0
ϕF = -1/35δ/b

uGGF = 6/35δ
vGGF = -2/35δ
ϕGGF = -1/35δ/b

uHHG = 6/35δ
vHHG = 0
ϕHHD = 1/35δ/b

SPOSTAMENTI RIGIDI DELLE ASTE

uAAB = 0
vAAB = 0
ϕAAB = -1/35δ/b

uBBC = 3/35δ
vBBC = 0
ϕBBC = -1/35δ/b

uCCD = 3/35δ
vCCD = -2/35δ
ϕCCD = 1/35δ/b

uDDE = 3/35δ
vDDE = 0
ϕDDE = -1/35δ/b

uBBF = 3/35δ
vBBF = 0
ϕBBF = -1/35δ/b

uFFG = 6/35δ
vFFG = 0
ϕFFG = -1/35δ/b

uGGH = 6/35δ
vGGH = -2/35δ
ϕGGH = 1/35δ/b

uHHD = 6/35δ
vHHD = 0
ϕHHD = -1/35δ/b
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PROGRAMMAZIONE LINEARE
Sia Hij la matrice del simplesso, con m righe e n colonne.
Siano Pj le variabili primali di riga e Di le variabili duali di colonna, con 1≤j<n, 1≤i<m.
Siano a riga m i coefficienti della funzione obiettivo primale max Σj Hmj Pj, 1≤j<n.
Siano a colonna n i coefficienti della funzione obiettivo duale min Σi Hin Di, 1≤i<m.
Sequenza di operazioni pivotali:
1 Sia q  (1≤q<n) la colonna pivot con massimo valore Hmj in riga m.
2 Sia p  (1≤p<m) la riga pivot di colonna q, a coefficiente negativo Hiq, che minimizza il rapporto Hin/Hiq.
3 Si ottiene il coefficiente pivotale Hpq.
4 Si scambia la variabile primale Pq con la duale Dp.
5 Si ridefinisce il coefficiente pivotale Hpq=1/Hpq.
6 Si ridefiniscono i coefficienti della colonna pivot q: Hiq = Hpq Hiq, escluso il pivot Hpq.
7 Si ridefiniscono tutti i coefficienti della matrice, esclusa la riga p e la colonna q: Hij = Hij - Hiq Hpj.
8 Si ridefiniscono i coefficienti della riga pivot p: Hpj = - Hpq Hpj, escluso il pivot Hpq.
Si ripete il ciclo 1-8 sino a quando la funzione obiettivo di riga m ha solo coefficienti non-positivi.
Giunti a questo punto, si individua la soluzione.
Si hanno gli elementi non nulli del vettore soluzione primale, con segno cambiato, sulla colonna n dei
termini noti, in corrispondenza delle variabili Pj presenti sulla colonna di sinistra.
Si hanno gli elementi non nulli del vettore soluzione duale, con segno cambiato, sulla riga m
della funzione obiettivo, in corrispondenza delle variabili Di presenti sulla colonna superiore.

Programmazione lineare m=6,n=4
P1 P2 P3 MIN

D1 H11 H12 H13 H14≥
D2 H21 H22 H23 H24≥
D3 H31 H32 H33 H34≥
D4 H41 H42 H43 H44≥
D5 H51 H52 H53 H54≥
MAX H61 H62 H63 H64=
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SOLUZIONE DEL SIMPLESSO  X=WAB Y=WBA Z=WBC T=WCD S=WDE R=WFB

Tableau con variabili non vincolate in segno
X Y Z T S R αbF Fb

WAB- 1 0 0 0 0 0 0 -1≥
WAB+ 1 0 0 0 0 0 0 1≤
WBA- 0 1 0 0 0 0 0 -1≥
WBA+ 0 1 0 0 0 0 0 1≤
WBC- 0 0 1 0 0 0 0 -3/2≥
WBC+ 0 0 1 0 0 0 0 3/2≤
WCD- 0 0 0 1 0 0 0 -3/2≥
WCD+ 0 0 0 1 0 0 0 3/2≤
WDC- 0 0 1 -2 0 0 -8 -3/2≥
WDC+ 0 0 1 -2 0 0 -8 3/2≤
WDE- 0 0 0 0 1 0 0 -1≥
WDE+ 0 0 0 0 1 0 0 1≤
WED- -1 -1 0 0 -1 0 18 -1≥
WED+ -1 -1 0 0 -1 0 18 1≤
WBF- 0 -1 -1 0 0 0 0 -1≥
WBF+ 0 -1 -1 0 0 0 0 1≤
WFB- 0 0 0 0 0 1 0 -1≥
WFB+ 0 0 0 0 0 1 0 1≤
WGH- 0 1/2 1 -1 1/2 -1 -4 -3/2≥
WGH+ 0 1/2 1 -1 1/2 -1 -4 3/2≤
WHD- 0 1 2 -2 1 -1 4 -1≥
WHD+ 0 1 2 -2 1 -1 4 1≤
WDH- 0 0 -1 2 -1 0 8 -1≥
WDH+ 0 0 -1 2 -1 0 8 1≤
Max 0 0 0 0 0 0 1 0=



AL4.007PROCEDIMENTO E RISULTATI Nome:

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.11.05.11 08.06.11

Tableau con variabili non vincolate in segno
X Y Z T S R αbF Fb

WAB- 1 0 0 0 0 0 0 -1≥
WAB+ -1 0 0 0 0 0 0 -1≥
WBA- 0 1 0 0 0 0 0 -1≥
WBA+ 0 -1 0 0 0 0 0 -1≥
WBC- 0 0 1 0 0 0 0 -3/2≥
WBC+ 0 0 -1 0 0 0 0 -3/2≥
WCD- 0 0 0 1 0 0 0 -3/2≥
WCD+ 0 0 0 -1 0 0 0 -3/2≥
WDC- 0 0 1 -2 0 0 -8 -3/2≥
WDC+ 0 0 -1 2 0 0 8 -3/2≥
WDE- 0 0 0 0 1 0 0 -1≥
WDE+ 0 0 0 0 -1 0 0 -1≥
WED- -1 -1 0 0 -1 0 18 -1≥
WED+ 1 1 0 0 1 0 -18 -1≥
WBF- 0 -1 -1 0 0 0 0 -1≥
WBF+ 0 1 1 0 0 0 0 -1≥
WFB- 0 0 0 0 0 1 0 -1≥
WFB+ 0 0 0 0 0 -1 0 -1≥
WGH- 0 1/2 1 -1 1/2 -1 -4 -3/2≥
WGH+ 0 -1/2 -1 1 -1/2 1 4 -3/2≥
WHD- 0 1 2 -2 1 -1 4 -1≥
WHD+ 0 -1 -2 2 -1 1 -4 -1≥
WDH- 0 0 -1 2 -1 0 8 -1≥
WDH+ 0 0 1 -2 1 0 -8 -1≥
Max 0 0 0 0 0 0 1 0=
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Tableau con variabili vincolate in segno
X+ Y+ Z+ T+ S+ R+ X- Y- Z- T- S- R- αbF Fb

WAB- 1 0 0 0 0 0 -1 0 0 0 0 0 0 -1≥
WAB+ -1 0 0 0 0 0 1 0 0 0 0 0 0 -1≤
WBA- 0 1 0 0 0 0 0 -1 0 0 0 0 0 -1≥
WBA+ 0 -1 0 0 0 0 0 1 0 0 0 0 0 -1≤
WBC- 0 0 1 0 0 0 0 0 -1 0 0 0 0 -3/2≥
WBC+ 0 0 -1 0 0 0 0 0 1 0 0 0 0 -3/2≤
WCD- 0 0 0 1 0 0 0 0 0 -1 0 0 0 -3/2≥
WCD+ 0 0 0 -1 0 0 0 0 0 1 0 0 0 -3/2≤
WDC- 0 0 1 -2 0 0 0 0 -1 2 0 0 -8 -3/2≥
WDC+ 0 0 -1 2 0 0 0 0 1 -2 0 0 8 -3/2≤
WDE- 0 0 0 0 1 0 0 0 0 0 -1 0 0 -1≥
WDE+ 0 0 0 0 -1 0 0 0 0 0 1 0 0 -1≤
WED- -1 -1 0 0 -1 0 1 1 0 0 1 0 18 -1≥
WED+ 1 1 0 0 1 0 -1 -1 0 0 -1 0 -18 -1≤
WBF- 0 -1 -1 0 0 0 0 1 1 0 0 0 0 -1≥
WBF+ 0 1 1 0 0 0 0 -1 -1 0 0 0 0 -1≤
WFB- 0 0 0 0 0 1 0 0 0 0 0 -1 0 -1≥
WFB+ 0 0 0 0 0 -1 0 0 0 0 0 1 0 -1≤
WGH- 0 1/2 1 -1 1/2 -1 0 -1/2 -1 1 -1/2 1 -4 -3/2≥
WGH+ 0 -1/2 -1 1 -1/2 1 0 1/2 1 -1 1/2 -1 4 -3/2≤
WHD- 0 1 2 -2 1 -1 0 -1 -2 2 -1 1 4 -1≥
WHD+ 0 -1 -2 2 -1 1 0 1 2 -2 1 -1 -4 -1≤
WDH- 0 0 -1 2 -1 0 0 0 1 -2 1 0 8 -1≥
WDH+ 0 0 1 -2 1 0 0 0 -1 2 -1 0 -8 -1≤
Max 0 0 0 0 0 0 0 0 0 0 0 0 1 0=
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Tableau a variabili negative su X- e limitate
X Y Z T S R αbF X- Fb

ϕAB- 1 0 0 0 0 0 0 -1 -1≥
ϕAB+ -1 0 0 0 0 0 0 1 -1≥
ϕBA- 0 1 0 0 0 0 0 -1 -1≥
ϕBA+ 0 -1 0 0 0 0 0 1 -1≥
ϕBC- 0 0 1 0 0 0 0 -1 -3/2≥
ϕBC+ 0 0 -1 0 0 0 0 1 -3/2≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
ϕDC- 0 0 1 -2 0 0 -8 1 -3/2≥
ϕDC+ 0 0 -1 2 0 0 8 -1 -3/2≥
ϕDE- 0 0 0 0 1 0 0 -1 -1≥
ϕDE+ 0 0 0 0 -1 0 0 1 -1≥
ϕED- -1 -1 0 0 -1 0 18 3 -1≥
ϕED+ 1 1 0 0 1 0 -18 -3 -1≥
ϕBF- 0 -1 -1 0 0 0 0 2 -1≥
ϕBF+ 0 1 1 0 0 0 0 -2 -1≥
ϕFB- 0 0 0 0 0 1 0 -1 -1≥
ϕFB+ 0 0 0 0 0 -1 0 1 -1≥
ϕGH- 0 1/2 1 -1 1/2 -1 -4 0 -3/2≥
ϕGH+ 0 -1/2 -1 1 -1/2 1 4 0 -3/2≥
ϕHD- 0 1 2 -2 1 -1 4 -1 -1≥
ϕHD+ 0 -1 -2 2 -1 1 -4 1 -1≥
ϕDH- 0 0 -1 2 -1 0 8 0 -1≥
ϕDH+ 0 0 1 -2 1 0 -8 0 -1≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max 0 0 0 0 0 0 1 0 0=
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Scambio pivotale 14-7
X Y Z T S R ϕED+ X- Fb

ϕAB- 1 0 0 0 0 0 0 -1 -1≥
ϕAB+ -1 0 0 0 0 0 0 1 -1≥
ϕBA- 0 1 0 0 0 0 0 -1 -1≥
ϕBA+ 0 -1 0 0 0 0 0 1 -1≥
ϕBC- 0 0 1 0 0 0 0 -1 -3/2≥
ϕBC+ 0 0 -1 0 0 0 0 1 -3/2≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
ϕDC- -4/9 -4/9 1 -2 -4/9 0 4/9 7/3 -19/18≥
ϕDC+ 4/9 4/9 -1 2 4/9 0 -4/9 -7/3 -35/18≥
ϕDE- 0 0 0 0 1 0 0 -1 -1≥
ϕDE+ 0 0 0 0 -1 0 0 1 -1≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF 1/18 1/18 0 0 1/18 0 -1/18 -1/6 -1/18≥
ϕBF- 0 -1 -1 0 0 0 0 2 -1≥
ϕBF+ 0 1 1 0 0 0 0 -2 -1≥
ϕFB- 0 0 0 0 0 1 0 -1 -1≥
ϕFB+ 0 0 0 0 0 -1 0 1 -1≥
ϕGH- -2/9 5/18 1 -1 5/18 -1 2/9 2/3 -23/18≥
ϕGH+ 2/9 -5/18 -1 1 -5/18 1 -2/9 -2/3 -31/18≥
ϕHD- 2/9 11/9 2 -2 11/9 -1 -2/9 -5/3 -11/9≥
ϕHD+ -2/9 -11/9 -2 2 -11/9 1 2/9 5/3 -7/9≥
ϕDH- 4/9 4/9 -1 2 -5/9 0 -4/9 -4/3 -13/9≥
ϕDH+ -4/9 -4/9 1 -2 5/9 0 4/9 4/3 -5/9≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max 1/18 1/18 0 0 1/18 0 -1/18 -1/6 -1/18=
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Scambio pivotale 2-1
ϕAB+ Y Z T S R ϕED+ X- Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -1 0 0 0 0 0 0 1 -1≥
ϕBA- 0 1 0 0 0 0 0 -1 -1≥
ϕBA+ 0 -1 0 0 0 0 0 1 -1≥
ϕBC- 0 0 1 0 0 0 0 -1 -3/2≥
ϕBC+ 0 0 -1 0 0 0 0 1 -3/2≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
ϕDC- 4/9 -4/9 1 -2 -4/9 0 4/9 17/9 -11/18≥
ϕDC+ -4/9 4/9 -1 2 4/9 0 -4/9 -17/9 -43/18≥
ϕDE- 0 0 0 0 1 0 0 -1 -1≥
ϕDE+ 0 0 0 0 -1 0 0 1 -1≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/18 1/18 0 0 1/18 0 -1/18 -1/9 -1/9≥
ϕBF- 0 -1 -1 0 0 0 0 2 -1≥
ϕBF+ 0 1 1 0 0 0 0 -2 -1≥
ϕFB- 0 0 0 0 0 1 0 -1 -1≥
ϕFB+ 0 0 0 0 0 -1 0 1 -1≥
ϕGH- 2/9 5/18 1 -1 5/18 -1 2/9 4/9 -19/18≥
ϕGH+ -2/9 -5/18 -1 1 -5/18 1 -2/9 -4/9 -35/18≥
ϕHD- -2/9 11/9 2 -2 11/9 -1 -2/9 -13/9 -13/9≥
ϕHD+ 2/9 -11/9 -2 2 -11/9 1 2/9 13/9 -5/9≥
ϕDH- -4/9 4/9 -1 2 -5/9 0 -4/9 -8/9 -17/9≥
ϕDH+ 4/9 -4/9 1 -2 5/9 0 4/9 8/9 -1/9≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max -1/18 1/18 0 0 1/18 0 -1/18 -1/9 -1/9=
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Scambio pivotale 24-2
ϕAB+ ϕDH+ Z T S R ϕED+ X- Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -1 0 0 0 0 0 0 1 -1≥
ϕBA- 1 -9/4 9/4 -9/2 5/4 0 1 1 -5/4≥
ϕBA+ -1 9/4 -9/4 9/2 -5/4 0 -1 -1 -3/4≥
ϕBC- 0 0 1 0 0 0 0 -1 -3/2≥
ϕBC+ 0 0 -1 0 0 0 0 1 -3/2≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
ϕDC- 0 1 0 0 -1 0 0 1 -1/2≥
ϕDC+ 0 -1 0 0 1 0 0 -1 -5/2≥
ϕDE- 0 0 0 0 1 0 0 -1 -1≥
ϕDE+ 0 0 0 0 -1 0 0 1 -1≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF 0 -1/8 1/8 -1/4 1/8 0 0 0 -1/8≥
ϕBF- -1 9/4 -13/4 9/2 -5/4 0 -1 0 -3/4≥
ϕBF+ 1 -9/4 13/4 -9/2 5/4 0 1 0 -5/4≥
ϕFB- 0 0 0 0 0 1 0 -1 -1≥
ϕFB+ 0 0 0 0 0 -1 0 1 -1≥
ϕGH- 1/2 -5/8 13/8 -9/4 5/8 -1 1/2 1 -9/8≥
ϕGH+ -1/2 5/8 -13/8 9/4 -5/8 1 -1/2 -1 -15/8≥
ϕHD- 1 -11/4 19/4 -15/2 11/4 -1 1 1 -7/4≥
ϕHD+ -1 11/4 -19/4 15/2 -11/4 1 -1 -1 -1/4≥
ϕDH- 0 -1 0 0 0 0 0 0 -2≥
Y 1 -9/4 9/4 -9/2 5/4 0 1 2 -1/4≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max 0 -1/8 1/8 -1/4 1/8 0 0 0 -1/8=
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Scambio pivotale 22-3
ϕAB+ ϕDH+ ϕHD+ T S R ϕED+ X- Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -1 0 0 0 0 0 0 1 -1≥
ϕBA- 10/19 -18/19 -9/19 -18/19 -1/19 9/19 10/19 10/19 -26/19≥
ϕBA+ -10/19 18/19 9/19 18/19 1/19 -9/19 -10/19 -10/19 -12/19≥
ϕBC- -4/19 11/19 -4/19 30/19 -11/19 4/19 -4/19 -23/19 -59/38≥
ϕBC+ 4/19 -11/19 4/19 -30/19 11/19 -4/19 4/19 23/19 -55/38≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
ϕDC- 0 1 0 0 -1 0 0 1 -1/2≥
ϕDC+ 0 -1 0 0 1 0 0 -1 -5/2≥
ϕDE- 0 0 0 0 1 0 0 -1 -1≥
ϕDE+ 0 0 0 0 -1 0 0 1 -1≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/38 -1/19 -1/38 -1/19 1/19 1/38 -1/38 -1/38 -5/38≥
ϕBF- -6/19 7/19 13/19 -12/19 12/19 -13/19 -6/19 13/19 -11/19≥
ϕBF+ 6/19 -7/19 -13/19 12/19 -12/19 13/19 6/19 -13/19 -27/19≥
ϕFB- 0 0 0 0 0 1 0 -1 -1≥
ϕFB+ 0 0 0 0 0 -1 0 1 -1≥
ϕGH- 3/19 6/19 -13/38 6/19 -6/19 -25/38 3/19 25/38 -23/19≥
ϕGH+ -3/19 -6/19 13/38 -6/19 6/19 25/38 -3/19 -25/38 -34/19≥
ϕHD- 0 0 -1 0 0 0 0 0 -2≥
Z -4/19 11/19 -4/19 30/19 -11/19 4/19 -4/19 -4/19 -1/19≥
ϕDH- 0 -1 0 0 0 0 0 0 -2≥
Y 10/19 -18/19 -9/19 -18/19 -1/19 9/19 10/19 29/19 -7/19≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max -1/38 -1/19 -1/38 -1/19 1/19 1/38 -1/38 -1/38 -5/38=
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Scambio pivotale 22-5
ϕAB+ ϕDH+ ϕHD+ T Z R ϕED+ X- Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -1 0 0 0 0 0 0 1 -1≥
ϕBA- 6/11 -1 -5/11 -12/11 1/11 5/11 6/11 6/11 -15/11≥
ϕBA+ -6/11 1 5/11 12/11 -1/11 -5/11 -6/11 -6/11 -7/11≥
ϕBC- 0 0 0 0 1 0 0 -1 -3/2≥
ϕBC+ 0 0 0 0 -1 0 0 1 -3/2≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
ϕDC- 4/11 0 4/11 -30/11 19/11 -4/11 4/11 15/11 -9/22≥
ϕDC+ -4/11 0 -4/11 30/11 -19/11 4/11 -4/11 -15/11 -57/22≥
ϕDE- -4/11 1 -4/11 30/11 -19/11 4/11 -4/11 -15/11 -12/11≥
ϕDE+ 4/11 -1 4/11 -30/11 19/11 -4/11 4/11 15/11 -10/11≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/22 0 -1/22 1/11 -1/11 1/22 -1/22 -1/22 -3/22≥
ϕBF- -6/11 1 5/11 12/11 -12/11 -5/11 -6/11 5/11 -7/11≥
ϕBF+ 6/11 -1 -5/11 -12/11 12/11 5/11 6/11 -5/11 -15/11≥
ϕFB- 0 0 0 0 0 1 0 -1 -1≥
ϕFB+ 0 0 0 0 0 -1 0 1 -1≥
ϕGH- 3/11 0 -5/22 -6/11 6/11 -17/22 3/11 17/22 -13/11≥
ϕGH+ -3/11 0 5/22 6/11 -6/11 17/22 -3/11 -17/22 -20/11≥
ϕHD- 0 0 -1 0 0 0 0 0 -2≥
S -4/11 1 -4/11 30/11 -19/11 4/11 -4/11 -4/11 -1/11≥
ϕDH- 0 -1 0 0 0 0 0 0 -2≥
Y 6/11 -1 -5/11 -12/11 1/11 5/11 6/11 17/11 -4/11≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max -1/22 0 -1/22 1/11 -1/11 1/22 -1/22 -1/22 -3/22=
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Scambio pivotale 9-4
ϕAB+ ϕDH+ ϕHD+ ϕDC- Z R ϕED+ X- Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -1 0 0 0 0 0 0 1 -1≥
ϕBA- 2/5 -1 -3/5 2/5 -3/5 3/5 2/5 0 -6/5≥
ϕBA+ -2/5 1 3/5 -2/5 3/5 -3/5 -2/5 0 -4/5≥
ϕBC- 0 0 0 0 1 0 0 -1 -3/2≥
ϕBC+ 0 0 0 0 -1 0 0 1 -3/2≥
ϕCD- 2/15 0 2/15 -11/30 19/30 -2/15 2/15 -1/2 -33/20≥
ϕCD+ -2/15 0 -2/15 11/30 -19/30 2/15 -2/15 1/2 -27/20≥
T 2/15 0 2/15 -11/30 19/30 -2/15 2/15 1/2 -3/20≥
ϕDC+ 0 0 0 -1 0 0 0 0 -3≥
ϕDE- 0 1 0 -1 0 0 0 0 -3/2≥
ϕDE+ 0 -1 0 1 0 0 0 0 -1/2≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/30 0 -1/30 -1/30 -1/30 1/30 -1/30 0 -3/20≥
ϕBF- -2/5 1 3/5 -2/5 -2/5 -3/5 -2/5 1 -4/5≥
ϕBF+ 2/5 -1 -3/5 2/5 2/5 3/5 2/5 -1 -6/5≥
ϕFB- 0 0 0 0 0 1 0 -1 -1≥
ϕFB+ 0 0 0 0 0 -1 0 1 -1≥
ϕGH- 1/5 0 -3/10 1/5 1/5 -7/10 1/5 1/2 -11/10≥
ϕGH+ -1/5 0 3/10 -1/5 -1/5 7/10 -1/5 -1/2 -19/10≥
ϕHD- 0 0 -1 0 0 0 0 0 -2≥
S 0 1 0 -1 0 0 0 1 -1/2≥
ϕDH- 0 -1 0 0 0 0 0 0 -2≥
Y 2/5 -1 -3/5 2/5 -3/5 3/5 2/5 1 -1/5≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max -1/30 0 -1/30 -1/30 -1/30 1/30 -1/30 0 -3/20=
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Scambio pivotale 18-6
ϕAB+ ϕDH+ ϕHD+ ϕDC- Z ϕFB+ ϕED+ X- Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -1 0 0 0 0 0 0 1 -1≥
ϕBA- 2/5 -1 -3/5 2/5 -3/5 -3/5 2/5 3/5 -9/5≥
ϕBA+ -2/5 1 3/5 -2/5 3/5 3/5 -2/5 -3/5 -1/5≥
ϕBC- 0 0 0 0 1 0 0 -1 -3/2≥
ϕBC+ 0 0 0 0 -1 0 0 1 -3/2≥
ϕCD- 2/15 0 2/15 -11/30 19/30 2/15 2/15 -19/30 -91/60≥
ϕCD+ -2/15 0 -2/15 11/30 -19/30 -2/15 -2/15 19/30 -89/60≥
T 2/15 0 2/15 -11/30 19/30 2/15 2/15 11/30 -1/60≥
ϕDC+ 0 0 0 -1 0 0 0 0 -3≥
ϕDE- 0 1 0 -1 0 0 0 0 -3/2≥
ϕDE+ 0 -1 0 1 0 0 0 0 -1/2≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/30 0 -1/30 -1/30 -1/30 -1/30 -1/30 1/30 -11/60≥
ϕBF- -2/5 1 3/5 -2/5 -2/5 3/5 -2/5 2/5 -1/5≥
ϕBF+ 2/5 -1 -3/5 2/5 2/5 -3/5 2/5 -2/5 -9/5≥
ϕFB- 0 0 0 0 0 -1 0 0 -2≥
R 0 0 0 0 0 -1 0 1 -1≥
ϕGH- 1/5 0 -3/10 1/5 1/5 7/10 1/5 -1/5 -2/5≥
ϕGH+ -1/5 0 3/10 -1/5 -1/5 -7/10 -1/5 1/5 -13/5≥
ϕHD- 0 0 -1 0 0 0 0 0 -2≥
S 0 1 0 -1 0 0 0 1 -1/2≥
ϕDH- 0 -1 0 0 0 0 0 0 -2≥
Y 2/5 -1 -3/5 2/5 -3/5 -3/5 2/5 8/5 -4/5≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max -1/30 0 -1/30 -1/30 -1/30 -1/30 -1/30 1/30 -11/60=
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Scambio pivotale 4-8
ϕAB+ ϕDH+ ϕHD+ ϕDC- Z ϕFB+ ϕED+ ϕBA+ Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -5/3 5/3 1 -2/3 1 1 -2/3 -5/3 -4/3≥
ϕBA- 0 0 0 0 0 0 0 -1 -2≥
X- -2/3 5/3 1 -2/3 1 1 -2/3 -5/3 -1/3≥
ϕBC- 2/3 -5/3 -1 2/3 0 -1 2/3 5/3 -7/6≥
ϕBC+ -2/3 5/3 1 -2/3 0 1 -2/3 -5/3 -11/6≥
ϕCD- 5/9 -19/18 -1/2 1/18 0 -1/2 5/9 19/18 -47/36≥
ϕCD+ -5/9 19/18 1/2 -1/18 0 1/2 -5/9 -19/18 -61/36≥
T -1/9 11/18 1/2 -11/18 1 1/2 -1/9 -11/18 -5/36≥
ϕDC+ 0 0 0 -1 0 0 0 0 -3≥
ϕDE- 0 1 0 -1 0 0 0 0 -3/2≥
ϕDE+ 0 -1 0 1 0 0 0 0 -1/2≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/18 1/18 0 -1/18 0 0 -1/18 -1/18 -7/36≥
ϕBF- -2/3 5/3 1 -2/3 0 1 -2/3 -2/3 -1/3≥
ϕBF+ 2/3 -5/3 -1 2/3 0 -1 2/3 2/3 -5/3≥
ϕFB- 0 0 0 0 0 -1 0 0 -2≥
R -2/3 5/3 1 -2/3 1 0 -2/3 -5/3 -4/3≥
ϕGH- 1/3 -1/3 -1/2 1/3 0 1/2 1/3 1/3 -1/3≥
ϕGH+ -1/3 1/3 1/2 -1/3 0 -1/2 -1/3 -1/3 -8/3≥
ϕHD- 0 0 -1 0 0 0 0 0 -2≥
S -2/3 8/3 1 -5/3 1 1 -2/3 -5/3 -5/6≥
ϕDH- 0 -1 0 0 0 0 0 0 -2≥
Y -2/3 5/3 1 -2/3 1 1 -2/3 -8/3 -4/3≥
LX 2/3 -5/3 -1 2/3 -1 -1 2/3 5/3 -7/6≥
Max -1/18 1/18 0 -1/18 0 0 -1/18 -1/18 -7/36=
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Scambio pivotale 12-2
ϕAB+ ϕDE+ ϕHD+ ϕDC- Z ϕFB+ ϕED+ ϕBA+ Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -5/3 -5/3 1 1 1 1 -2/3 -5/3 -13/6≥
ϕBA- 0 0 0 0 0 0 0 -1 -2≥
X- -2/3 -5/3 1 1 1 1 -2/3 -5/3 -7/6≥
ϕBC- 2/3 5/3 -1 -1 0 -1 2/3 5/3 -1/3≥
ϕBC+ -2/3 -5/3 1 1 0 1 -2/3 -5/3 -8/3≥
ϕCD- 5/9 19/18 -1/2 -1 0 -1/2 5/9 19/18 -7/9≥
ϕCD+ -5/9 -19/18 1/2 1 0 1/2 -5/9 -19/18 -20/9≥
T -1/9 -11/18 1/2 0 1 1/2 -1/9 -11/18 -4/9≥
ϕDC+ 0 0 0 -1 0 0 0 0 -3≥
ϕDE- 0 -1 0 0 0 0 0 0 -2≥
ϕDH+ 0 -1 0 1 0 0 0 0 -1/2≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/18 -1/18 0 0 0 0 -1/18 -1/18 -2/9≥
ϕBF- -2/3 -5/3 1 1 0 1 -2/3 -2/3 -7/6≥
ϕBF+ 2/3 5/3 -1 -1 0 -1 2/3 2/3 -5/6≥
ϕFB- 0 0 0 0 0 -1 0 0 -2≥
R -2/3 -5/3 1 1 1 0 -2/3 -5/3 -13/6≥
ϕGH- 1/3 1/3 -1/2 0 0 1/2 1/3 1/3 -1/6≥
ϕGH+ -1/3 -1/3 1/2 0 0 -1/2 -1/3 -1/3 -17/6≥
ϕHD- 0 0 -1 0 0 0 0 0 -2≥
S -2/3 -8/3 1 1 1 1 -2/3 -5/3 -13/6≥
ϕDH- 0 1 0 -1 0 0 0 0 -3/2≥
Y -2/3 -5/3 1 1 1 1 -2/3 -8/3 -13/6≥
LX 2/3 5/3 -1 -1 -1 -1 2/3 5/3 -1/3≥
Max -1/18 -1/18 0 0 0 0 -1/18 -1/18 -2/9=
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Tableau finale
ϕAB+ ϕDE+ ϕHD+ ϕDC- Z ϕFB+ ϕED+ ϕBA+ Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -5/3 -5/3 1 1 1 1 -2/3 -5/3 -13/6≥
ϕBA- 0 0 0 0 0 0 0 -1 -2≥
X- -2/3 -5/3 1 1 1 1 -2/3 -5/3 -7/6≥
ϕBC- 2/3 5/3 -1 -1 0 -1 2/3 5/3 -1/3≥
ϕBC+ -2/3 -5/3 1 1 0 1 -2/3 -5/3 -8/3≥
ϕCD- 5/9 19/18 -1/2 -1 0 -1/2 5/9 19/18 -7/9≥
ϕCD+ -5/9 -19/18 1/2 1 0 1/2 -5/9 -19/18 -20/9≥
T -1/9 -11/18 1/2 0 1 1/2 -1/9 -11/18 -4/9≥
ϕDC+ 0 0 0 -1 0 0 0 0 -3≥
ϕDE- 0 -1 0 0 0 0 0 0 -2≥
ϕDH+ 0 -1 0 1 0 0 0 0 -1/2≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/18 -1/18 0 0 0 0 -1/18 -1/18 -2/9≥
ϕBF- -2/3 -5/3 1 1 0 1 -2/3 -2/3 -7/6≥
ϕBF+ 2/3 5/3 -1 -1 0 -1 2/3 2/3 -5/6≥
ϕFB- 0 0 0 0 0 -1 0 0 -2≥
R -2/3 -5/3 1 1 1 0 -2/3 -5/3 -13/6≥
ϕGH- 1/3 1/3 -1/2 0 0 1/2 1/3 1/3 -1/6≥
ϕGH+ -1/3 -1/3 1/2 0 0 -1/2 -1/3 -1/3 -17/6≥
ϕHD- 0 0 -1 0 0 0 0 0 -2≥
S -2/3 -8/3 1 1 1 1 -2/3 -5/3 -13/6≥
ϕDH- 0 1 0 -1 0 0 0 0 -3/2≥
Y -2/3 -5/3 1 1 1 1 -2/3 -8/3 -13/6≥
LX 2/3 5/3 -1 -1 -1 -1 2/3 5/3 -1/3≥
Max -1/18 -1/18 0 0 0 0 -1/18 -1/18 -2/9=
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Vettori soluzione della programmazione lineare
X Y Z T S R αbF X- Fb

ϕAB- 0 0 0 0 0 0 0 0 0≥
ϕAB+ 0 0 0 0 0 0 0 0 1/18≥
ϕBA- 0 0 0 0 0 0 0 0 0≥
ϕBA+ 0 0 0 0 0 0 0 0 1/18≥
ϕBC- 0 0 0 0 0 0 0 0 0≥
ϕBC+ 0 0 0 0 0 0 0 0 0≥
ϕCD- 0 0 0 0 0 0 0 0 0≥
ϕCD+ 0 0 0 0 0 0 0 0 0≥
ϕDC- 0 0 0 0 0 0 0 0 0≥
ϕDC+ 0 0 0 0 0 0 0 0 0≥
ϕDE- 0 0 0 0 0 0 0 0 0≥
ϕDE+ 0 0 0 0 0 0 0 0 1/18≥
ϕED- 0 0 0 0 0 0 0 0 0≥
ϕED+ 0 0 0 0 0 0 0 0 1/18≥
ϕBF- 0 0 0 0 0 0 0 0 0≥
ϕBF+ 0 0 0 0 0 0 0 0 0≥
ϕFB- 0 0 0 0 0 0 0 0 0≥
ϕFB+ 0 0 0 0 0 0 0 0 0≥
ϕGH- 0 0 0 0 0 0 0 0 0≥
ϕGH+ 0 0 0 0 0 0 0 0 0≥
ϕHD- 0 0 0 0 0 0 0 0 0≥
ϕHD+ 0 0 0 0 0 0 0 0 0≥
ϕDH- 0 0 0 0 0 0 0 0 0≥
ϕDH+ 0 0 0 0 0 0 0 0 0≥
LX 0 0 0 0 0 0 0 0 0≥
Max 13/6 13/6 0 4/9 13/6 13/6 2/9 7/6 -2/9=

Variabili soluzione dedotto il valore X-
X Y Z T S R
1 1 -7/6 -13/18 1 1
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Variabili soluzione differenza tra rotazioni

ϕAB 1/18
ϕBA 1/18
ϕBC 0
ϕCD 0
ϕDC 0
ϕDE 1/18
ϕED 1/18
ϕBF 0
ϕFB 0
ϕGH 0
ϕHD 0
ϕDH 0

REAZIONI Fattore di collasso = 2/9
HA = -2/3F
VA = -1/18F
WA = Fb
HE = -2/3F
VE = 41/18F
WE = Fb

HAB = -2/3F
VAB = -1/18F
WAB = Fb
HBA = 2/3F
VBA = 1/18F
WBA = Fb

HBC = 1/6F
VBC = -2/9F
WBC = -7/6Fb
HCB = -1/6F
VCB = 2/9F
WCB = 13/18Fb

HCD = 1/6F
VCD = -10/9F
WCD = -13/18Fb
HDC = -1/6F
VDC = 10/9F
WDC = -3/2Fb

HDE = 2/3F
VDE = -41/18F
WDE = Fb
HED = -2/3F
VED = 41/18F
WED = Fb

HBF = -7/18F
VBF = 1/6F
WBF = 1/6Fb
HFB = 7/18F
VFB = -1/6F
WFB = Fb

HFG = 1/2F
VFG = 1/6F
WFG = -Fb
HGF = -1/2F
VGF = -1/6F
WGF = 4/3Fb

HGH = 1/2F
VGH = -7/6F
WGH = -4/3Fb
HHG = -1/2F
VHG = 7/6F
WHG = -Fb

HHD = 1/2F
VHD = -7/6F
WHD = Fb
HDH = -1/2F
VDH = 7/6F
WDH = 1/2Fb

SPOSTAMENTI NODALI

uAAB = 0
vAAB = 0
ϕAAB = -1/18δ/b

uB = 1/6δ
vB = 0
ϕB = -1/18δ/b

uC = 1/6δ
vC = 0
ϕC = 0

uD = 1/6δ
vD = 0
ϕD = 0

uEED = 0
vEED = 0
ϕE = -1/18δ/b
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uF = 1/6δ
vF = 0
ϕF = 0

uG = 1/6δ
vG = 0
ϕG = 0

uH = 1/6δ
vH = 0
ϕH = 0

SPOSTAMENTI RIGIDI DELLE ASTE

uAAB = 0
vAAB = 0
ϕAAB = -1/18δ/b

uBBC = 1/6δ
vBBC = 0
ϕBBC = 0

uCCD = 1/6δ
vCCD = 0
ϕCCD = 0

uDDE = 1/6δ
vDDE = 0
ϕDDE = -1/18δ/b

uBBF = 1/6δ
vBBF = 0
ϕBBF = 0

uFFG = 1/6δ
vFFG = 0
ϕFFG = 0

uGGH = 1/6δ
vGGH = 0
ϕGGH = 0

uHHD = 1/6δ
vHHD = 0
ϕHHD = 0
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PROGRAMMAZIONE LINEARE
Sia Hij la matrice del simplesso, con m righe e n colonne.
Siano Pj le variabili primali di riga e Di le variabili duali di colonna, con 1≤j<n, 1≤i<m.
Siano a riga m i coefficienti della funzione obiettivo primale max Σj Hmj Pj, 1≤j<n.
Siano a colonna n i coefficienti della funzione obiettivo duale min Σi Hin Di, 1≤i<m.
Sequenza di operazioni pivotali:
1 Sia q  (1≤q<n) la colonna pivot con massimo valore Hmj in riga m.
2 Sia p  (1≤p<m) la riga pivot di colonna q, a coefficiente negativo Hiq, che minimizza il rapporto Hin/Hiq.
3 Si ottiene il coefficiente pivotale Hpq.
4 Si scambia la variabile primale Pq con la duale Dp.
5 Si ridefinisce il coefficiente pivotale Hpq=1/Hpq.
6 Si ridefiniscono i coefficienti della colonna pivot q: Hiq = Hpq Hiq, escluso il pivot Hpq.
7 Si ridefiniscono tutti i coefficienti della matrice, esclusa la riga p e la colonna q: Hij = Hij - Hiq Hpj.
8 Si ridefiniscono i coefficienti della riga pivot p: Hpj = - Hpq Hpj, escluso il pivot Hpq.
Si ripete il ciclo 1-8 sino a quando la funzione obiettivo di riga m ha solo coefficienti non-positivi.
Giunti a questo punto, si individua la soluzione.
Si hanno gli elementi non nulli del vettore soluzione primale, con segno cambiato, sulla colonna n dei
termini noti, in corrispondenza delle variabili Pj presenti sulla colonna di sinistra.
Si hanno gli elementi non nulli del vettore soluzione duale, con segno cambiato, sulla riga m
della funzione obiettivo, in corrispondenza delle variabili Di presenti sulla colonna superiore.

Programmazione lineare m=6,n=4
P1 P2 P3 MIN

D1 H11 H12 H13 H14≥
D2 H21 H22 H23 H24≥
D3 H31 H32 H33 H34≥
D4 H41 H42 H43 H44≥
D5 H51 H52 H53 H54≥
MAX H61 H62 H63 H64=
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SOLUZIONE DEL SIMPLESSO  X=WAB Y=WBA Z=WBC T=WCD S=WDE R=WFG

Tableau con variabili non vincolate in segno
X Y Z T S R αbF Fb

WAB- 1 0 0 0 0 0 0 -2≥
WAB+ 1 0 0 0 0 0 0 2≤
WBA- 0 1 0 0 0 0 0 -2≥
WBA+ 0 1 0 0 0 0 0 2≤
WBC- 0 0 1 0 0 0 0 -3/2≥
WBC+ 0 0 1 0 0 0 0 3/2≤
WCD- 0 0 0 1 0 0 0 -3/2≥
WCD+ 0 0 0 1 0 0 0 3/2≤
WDC- 0 0 1 -2 0 0 -12 -3/2≥
WDC+ 0 0 1 -2 0 0 -12 3/2≤
WDE- 0 0 0 0 1 0 0 -2≥
WDE+ 0 0 0 0 1 0 0 2≤
WED- -1 -1 0 0 -1 0 9 -2≥
WED+ -1 -1 0 0 -1 0 9 2≤
WBF- 0 -1 -1 0 0 0 0 -2≥
WBF+ 0 -1 -1 0 0 0 0 2≤
WFG- 0 0 0 0 0 1 0 -3/2≥
WFG+ 0 0 0 0 0 1 0 3/2≤
WGH- 0 1/2 1 -1 1/2 1 -7 -3/2≥
WGH+ 0 1/2 1 -1 1/2 1 -7 3/2≤
WHG- 0 -1 -2 2 -1 -1 6 -3/2≥
WHG+ 0 -1 -2 2 -1 -1 6 3/2≤
WDH- 0 0 -1 2 -1 0 12 -2≥
WDH+ 0 0 -1 2 -1 0 12 2≤
Max 0 0 0 0 0 0 1 0=
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Tableau con variabili non vincolate in segno
X Y Z T S R αbF Fb

WAB- 1 0 0 0 0 0 0 -2≥
WAB+ -1 0 0 0 0 0 0 -2≥
WBA- 0 1 0 0 0 0 0 -2≥
WBA+ 0 -1 0 0 0 0 0 -2≥
WBC- 0 0 1 0 0 0 0 -3/2≥
WBC+ 0 0 -1 0 0 0 0 -3/2≥
WCD- 0 0 0 1 0 0 0 -3/2≥
WCD+ 0 0 0 -1 0 0 0 -3/2≥
WDC- 0 0 1 -2 0 0 -12 -3/2≥
WDC+ 0 0 -1 2 0 0 12 -3/2≥
WDE- 0 0 0 0 1 0 0 -2≥
WDE+ 0 0 0 0 -1 0 0 -2≥
WED- -1 -1 0 0 -1 0 9 -2≥
WED+ 1 1 0 0 1 0 -9 -2≥
WBF- 0 -1 -1 0 0 0 0 -2≥
WBF+ 0 1 1 0 0 0 0 -2≥
WFG- 0 0 0 0 0 1 0 -3/2≥
WFG+ 0 0 0 0 0 -1 0 -3/2≥
WGH- 0 1/2 1 -1 1/2 1 -7 -3/2≥
WGH+ 0 -1/2 -1 1 -1/2 -1 7 -3/2≥
WHG- 0 -1 -2 2 -1 -1 6 -3/2≥
WHG+ 0 1 2 -2 1 1 -6 -3/2≥
WDH- 0 0 -1 2 -1 0 12 -2≥
WDH+ 0 0 1 -2 1 0 -12 -2≥
Max 0 0 0 0 0 0 1 0=
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Tableau con variabili vincolate in segno
X+ Y+ Z+ T+ S+ R+ X- Y- Z- T- S- R- αbF Fb

WAB- 1 0 0 0 0 0 -1 0 0 0 0 0 0 -2≥
WAB+ -1 0 0 0 0 0 1 0 0 0 0 0 0 -2≤
WBA- 0 1 0 0 0 0 0 -1 0 0 0 0 0 -2≥
WBA+ 0 -1 0 0 0 0 0 1 0 0 0 0 0 -2≤
WBC- 0 0 1 0 0 0 0 0 -1 0 0 0 0 -3/2≥
WBC+ 0 0 -1 0 0 0 0 0 1 0 0 0 0 -3/2≤
WCD- 0 0 0 1 0 0 0 0 0 -1 0 0 0 -3/2≥
WCD+ 0 0 0 -1 0 0 0 0 0 1 0 0 0 -3/2≤
WDC- 0 0 1 -2 0 0 0 0 -1 2 0 0 -12 -3/2≥
WDC+ 0 0 -1 2 0 0 0 0 1 -2 0 0 12 -3/2≤
WDE- 0 0 0 0 1 0 0 0 0 0 -1 0 0 -2≥
WDE+ 0 0 0 0 -1 0 0 0 0 0 1 0 0 -2≤
WED- -1 -1 0 0 -1 0 1 1 0 0 1 0 9 -2≥
WED+ 1 1 0 0 1 0 -1 -1 0 0 -1 0 -9 -2≤
WBF- 0 -1 -1 0 0 0 0 1 1 0 0 0 0 -2≥
WBF+ 0 1 1 0 0 0 0 -1 -1 0 0 0 0 -2≤
WFG- 0 0 0 0 0 1 0 0 0 0 0 -1 0 -3/2≥
WFG+ 0 0 0 0 0 -1 0 0 0 0 0 1 0 -3/2≤
WGH- 0 1/2 1 -1 1/2 1 0 -1/2 -1 1 -1/2 -1 -7 -3/2≥
WGH+ 0 -1/2 -1 1 -1/2 -1 0 1/2 1 -1 1/2 1 7 -3/2≤
WHG- 0 -1 -2 2 -1 -1 0 1 2 -2 1 1 6 -3/2≥
WHG+ 0 1 2 -2 1 1 0 -1 -2 2 -1 -1 -6 -3/2≤
WDH- 0 0 -1 2 -1 0 0 0 1 -2 1 0 12 -2≥
WDH+ 0 0 1 -2 1 0 0 0 -1 2 -1 0 -12 -2≤
Max 0 0 0 0 0 0 0 0 0 0 0 0 1 0=
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Tableau a variabili negative su X- e limitate
X Y Z T S R αbF X- Fb

ϕAB- 1 0 0 0 0 0 0 -1 -2≥
ϕAB+ -1 0 0 0 0 0 0 1 -2≥
ϕBA- 0 1 0 0 0 0 0 -1 -2≥
ϕBA+ 0 -1 0 0 0 0 0 1 -2≥
ϕBC- 0 0 1 0 0 0 0 -1 -3/2≥
ϕBC+ 0 0 -1 0 0 0 0 1 -3/2≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
ϕDC- 0 0 1 -2 0 0 -12 1 -3/2≥
ϕDC+ 0 0 -1 2 0 0 12 -1 -3/2≥
ϕDE- 0 0 0 0 1 0 0 -1 -2≥
ϕDE+ 0 0 0 0 -1 0 0 1 -2≥
ϕED- -1 -1 0 0 -1 0 9 3 -2≥
ϕED+ 1 1 0 0 1 0 -9 -3 -2≥
ϕBF- 0 -1 -1 0 0 0 0 2 -2≥
ϕBF+ 0 1 1 0 0 0 0 -2 -2≥
ϕFG- 0 0 0 0 0 1 0 -1 -3/2≥
ϕFG+ 0 0 0 0 0 -1 0 1 -3/2≥
ϕGH- 0 1/2 1 -1 1/2 1 -7 -2 -3/2≥
ϕGH+ 0 -1/2 -1 1 -1/2 -1 7 2 -3/2≥
ϕHG- 0 -1 -2 2 -1 -1 6 3 -3/2≥
ϕHG+ 0 1 2 -2 1 1 -6 -3 -3/2≥
ϕDH- 0 0 -1 2 -1 0 12 0 -2≥
ϕDH+ 0 0 1 -2 1 0 -12 0 -2≥
LX 0 0 0 0 0 0 0 -1 -2≥
Max 0 0 0 0 0 0 1 0 0=
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Scambio pivotale 9-7
X Y Z T S R ϕDC- X- Fb

ϕAB- 1 0 0 0 0 0 0 -1 -2≥
ϕAB+ -1 0 0 0 0 0 0 1 -2≥
ϕBA- 0 1 0 0 0 0 0 -1 -2≥
ϕBA+ 0 -1 0 0 0 0 0 1 -2≥
ϕBC- 0 0 1 0 0 0 0 -1 -3/2≥
ϕBC+ 0 0 -1 0 0 0 0 1 -3/2≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
αbF 0 0 1/12 -1/6 0 0 -1/12 1/12 -1/8≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 0 0 0 1 0 0 -1 -2≥
ϕDE+ 0 0 0 0 -1 0 0 1 -2≥
ϕED- -1 -1 3/4 -3/2 -1 0 -3/4 15/4 -25/8≥
ϕED+ 1 1 -3/4 3/2 1 0 3/4 -15/4 -7/8≥
ϕBF- 0 -1 -1 0 0 0 0 2 -2≥
ϕBF+ 0 1 1 0 0 0 0 -2 -2≥
ϕFG- 0 0 0 0 0 1 0 -1 -3/2≥
ϕFG+ 0 0 0 0 0 -1 0 1 -3/2≥
ϕGH- 0 1/2 5/12 1/6 1/2 1 7/12 -31/12 -5/8≥
ϕGH+ 0 -1/2 -5/12 -1/6 -1/2 -1 -7/12 31/12 -19/8≥
ϕHG- 0 -1 -3/2 1 -1 -1 -1/2 7/2 -9/4≥
ϕHG+ 0 1 3/2 -1 1 1 1/2 -7/2 -3/4≥
ϕDH- 0 0 0 0 -1 0 -1 1 -7/2≥
ϕDH+ 0 0 0 0 1 0 1 -1 -1/2≥
LX 0 0 0 0 0 0 0 -1 -2≥
Max 0 0 1/12 -1/6 0 0 -1/12 1/12 -1/8=
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Scambio pivotale 14-3
X Y ϕED+ T S R ϕDC- X- Fb

ϕAB- 1 0 0 0 0 0 0 -1 -2≥
ϕAB+ -1 0 0 0 0 0 0 1 -2≥
ϕBA- 0 1 0 0 0 0 0 -1 -2≥
ϕBA+ 0 -1 0 0 0 0 0 1 -2≥
ϕBC- 4/3 4/3 -4/3 2 4/3 0 1 -6 -8/3≥
ϕBC+ -4/3 -4/3 4/3 -2 -4/3 0 -1 6 -1/3≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
αbF 1/9 1/9 -1/9 0 1/9 0 0 -1/3 -2/9≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 0 0 0 1 0 0 -1 -2≥
ϕDE+ 0 0 0 0 -1 0 0 1 -2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z 4/3 4/3 -4/3 2 4/3 0 1 -5 -7/6≥
ϕBF- -4/3 -7/3 4/3 -2 -4/3 0 -1 7 -5/6≥
ϕBF+ 4/3 7/3 -4/3 2 4/3 0 1 -7 -19/6≥
ϕFG- 0 0 0 0 0 1 0 -1 -3/2≥
ϕFG+ 0 0 0 0 0 -1 0 1 -3/2≥
ϕGH- 5/9 19/18 -5/9 1 19/18 1 1 -14/3 -10/9≥
ϕGH+ -5/9 -19/18 5/9 -1 -19/18 -1 -1 14/3 -17/9≥
ϕHG- -2 -3 2 -2 -3 -1 -2 11 -1/2≥
ϕHG+ 2 3 -2 2 3 1 2 -11 -5/2≥
ϕDH- 0 0 0 0 -1 0 -1 1 -7/2≥
ϕDH+ 0 0 0 0 1 0 1 -1 -1/2≥
LX 0 0 0 0 0 0 0 -1 -2≥
Max 1/9 1/9 -1/9 0 1/9 0 0 -1/3 -2/9=
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Scambio pivotale 6-1
ϕBC+ Y ϕED+ T S R ϕDC- X- Fb

ϕAB- -3/4 -1 1 -3/2 -1 0 -3/4 7/2 -9/4≥
ϕAB+ 3/4 1 -1 3/2 1 0 3/4 -7/2 -7/4≥
ϕBA- 0 1 0 0 0 0 0 -1 -2≥
ϕBA+ 0 -1 0 0 0 0 0 1 -2≥
ϕBC- -1 0 0 0 0 0 0 0 -3≥
X -3/4 -1 1 -3/2 -1 0 -3/4 9/2 -1/4≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
αbF -1/12 0 0 -1/6 0 0 -1/12 1/6 -1/4≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 0 0 0 1 0 0 -1 -2≥
ϕDE+ 0 0 0 0 -1 0 0 1 -2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z -1 0 0 0 0 0 0 1 -3/2≥
ϕBF- 1 -1 0 0 0 0 0 1 -1/2≥
ϕBF+ -1 1 0 0 0 0 0 -1 -7/2≥
ϕFG- 0 0 0 0 0 1 0 -1 -3/2≥
ϕFG+ 0 0 0 0 0 -1 0 1 -3/2≥
ϕGH- -5/12 1/2 0 1/6 1/2 1 7/12 -13/6 -5/4≥
ϕGH+ 5/12 -1/2 0 -1/6 -1/2 -1 -7/12 13/6 -7/4≥
ϕHG- 3/2 -1 0 1 -1 -1 -1/2 2 0≥
ϕHG+ -3/2 1 0 -1 1 1 1/2 -2 -3≥
ϕDH- 0 0 0 0 -1 0 -1 1 -7/2≥
ϕDH+ 0 0 0 0 1 0 1 -1 -1/2≥
LX 0 0 0 0 0 0 0 -1 -2≥
Max -1/12 0 0 -1/6 0 0 -1/12 1/6 -1/4=



AL4.008PROCEDIMENTO E RISULTATI Nome:

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.11.05.11 08.06.11

Scambio pivotale 2-8
ϕBC+ Y ϕED+ T S R ϕDC- ϕAB+ Fb

ϕAB- 0 0 0 0 0 0 0 -1 -4≥
X- 3/14 2/7 -2/7 3/7 2/7 0 3/14 -2/7 -1/2≥
ϕBA- -3/14 5/7 2/7 -3/7 -2/7 0 -3/14 2/7 -3/2≥
ϕBA+ 3/14 -5/7 -2/7 3/7 2/7 0 3/14 -2/7 -5/2≥
ϕBC- -1 0 0 0 0 0 0 0 -3≥
X 3/14 2/7 -2/7 3/7 2/7 0 3/14 -9/7 -5/2≥
ϕCD- -3/14 -2/7 2/7 4/7 -2/7 0 -3/14 2/7 -1≥
ϕCD+ 3/14 2/7 -2/7 -4/7 2/7 0 3/14 -2/7 -2≥
αbF -1/21 1/21 -1/21 -2/21 1/21 0 -1/21 -1/21 -1/3≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- -3/14 -2/7 2/7 -3/7 5/7 0 -3/14 2/7 -3/2≥
ϕDE+ 3/14 2/7 -2/7 3/7 -5/7 0 3/14 -2/7 -5/2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z -11/14 2/7 -2/7 3/7 2/7 0 3/14 -2/7 -2≥
ϕBF- 17/14 -5/7 -2/7 3/7 2/7 0 3/14 -2/7 -1≥
ϕBF+ -17/14 5/7 2/7 -3/7 -2/7 0 -3/14 2/7 -3≥
ϕFG- -3/14 -2/7 2/7 -3/7 -2/7 1 -3/14 2/7 -1≥
ϕFG+ 3/14 2/7 -2/7 3/7 2/7 -1 3/14 -2/7 -2≥
ϕGH- -37/42 -5/42 13/21 -16/21 -5/42 1 5/42 13/21 -1/6≥
ϕGH+ 37/42 5/42 -13/21 16/21 5/42 -1 -5/42 -13/21 -17/6≥
ϕHG- 27/14 -3/7 -4/7 13/7 -3/7 -1 -1/14 -4/7 -1≥
ϕHG+ -27/14 3/7 4/7 -13/7 3/7 1 1/14 4/7 -2≥
ϕDH- 3/14 2/7 -2/7 3/7 -5/7 0 -11/14 -2/7 -4≥
ϕDH+ -3/14 -2/7 2/7 -3/7 5/7 0 11/14 2/7 0≥
LX -3/14 -2/7 2/7 -3/7 -2/7 0 -3/14 2/7 -3/2≥
Max -1/21 1/21 -1/21 -2/21 1/21 0 -1/21 -1/21 -1/3=
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Scambio pivotale 24-2
ϕBC+ ϕDH+ ϕED+ T S R ϕDC- ϕAB+ Fb

ϕAB- 0 0 0 0 0 0 0 -1 -4≥
X- 0 -1 0 0 1 0 1 0 -1/2≥
ϕBA- -3/4 -5/2 1 -3/2 3/2 0 7/4 1 -3/2≥
ϕBA+ 3/4 5/2 -1 3/2 -3/2 0 -7/4 -1 -5/2≥
ϕBC- -1 0 0 0 0 0 0 0 -3≥
X 0 -1 0 0 1 0 1 -1 -5/2≥
ϕCD- 0 1 0 1 -1 0 -1 0 -1≥
ϕCD+ 0 -1 0 -1 1 0 1 0 -2≥
αbF -1/12 -1/6 0 -1/6 1/6 0 1/12 0 -1/3≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 1 0 0 0 0 -1 0 -3/2≥
ϕDE+ 0 -1 0 0 0 0 1 0 -5/2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z -1 -1 0 0 1 0 1 0 -2≥
ϕBF- 7/4 5/2 -1 3/2 -3/2 0 -7/4 -1 -1≥
ϕBF+ -7/4 -5/2 1 -3/2 3/2 0 7/4 1 -3≥
ϕFG- 0 1 0 0 -1 1 -1 0 -1≥
ϕFG+ 0 -1 0 0 1 -1 1 0 -2≥
ϕGH- -19/24 5/12 1/2 -7/12 -5/12 1 -5/24 1/2 -1/6≥
ϕGH+ 19/24 -5/12 -1/2 7/12 5/12 -1 5/24 -1/2 -17/6≥
ϕHG- 9/4 3/2 -1 5/2 -3/2 -1 -5/4 -1 -1≥
ϕHG+ -9/4 -3/2 1 -5/2 3/2 1 5/4 1 -2≥
ϕDH- 0 -1 0 0 0 0 0 0 -4≥
Y -3/4 -7/2 1 -3/2 5/2 0 11/4 1 0≥
LX 0 1 0 0 -1 0 -1 0 -3/2≥
Max -1/12 -1/6 0 -1/6 1/6 0 1/12 0 -1/3=
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Scambio pivotale 19-5
ϕBC+ ϕDH+ ϕED+ T ϕGH- R ϕDC- ϕAB+ Fb

ϕAB- 0 0 0 0 0 0 0 -1 -4≥
X- -19/10 0 6/5 -7/5 -12/5 12/5 1/2 6/5 -9/10≥
ϕBA- -18/5 -1 14/5 -18/5 -18/5 18/5 1 14/5 -21/10≥
ϕBA+ 18/5 1 -14/5 18/5 18/5 -18/5 -1 -14/5 -19/10≥
ϕBC- -1 0 0 0 0 0 0 0 -3≥
X -19/10 0 6/5 -7/5 -12/5 12/5 1/2 1/5 -29/10≥
ϕCD- 19/10 0 -6/5 12/5 12/5 -12/5 -1/2 -6/5 -3/5≥
ϕCD+ -19/10 0 6/5 -12/5 -12/5 12/5 1/2 6/5 -12/5≥
αbF -2/5 0 1/5 -2/5 -2/5 2/5 0 1/5 -2/5≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 1 0 0 0 0 -1 0 -3/2≥
ϕDE+ 0 -1 0 0 0 0 1 0 -5/2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z -29/10 0 6/5 -7/5 -12/5 12/5 1/2 6/5 -12/5≥
ϕBF- 23/5 1 -14/5 18/5 18/5 -18/5 -1 -14/5 -2/5≥
ϕBF+ -23/5 -1 14/5 -18/5 -18/5 18/5 1 14/5 -18/5≥
ϕFG- 19/10 0 -6/5 7/5 12/5 -7/5 -1/2 -6/5 -3/5≥
ϕFG+ -19/10 0 6/5 -7/5 -12/5 7/5 1/2 6/5 -12/5≥
S -19/10 1 6/5 -7/5 -12/5 12/5 -1/2 6/5 -2/5≥
ϕGH+ 0 0 0 0 -1 0 0 0 -3≥
ϕHG- 51/10 0 -14/5 23/5 18/5 -23/5 -1/2 -14/5 -2/5≥
ϕHG+ -51/10 0 14/5 -23/5 -18/5 23/5 1/2 14/5 -13/5≥
ϕDH- 0 -1 0 0 0 0 0 0 -4≥
Y -11/2 -1 4 -5 -6 6 3/2 4 -1≥
LX 19/10 0 -6/5 7/5 12/5 -12/5 -1/2 -6/5 -11/10≥
Max -2/5 0 1/5 -2/5 -2/5 2/5 0 1/5 -2/5=
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Scambio pivotale 21-6
ϕBC+ ϕDH+ ϕED+ T ϕGH- ϕHG- ϕDC- ϕAB+ Fb

ϕAB- 0 0 0 0 0 0 0 -1 -4≥
X- 35/46 0 -6/23 1 -12/23 -12/23 11/46 -6/23 -51/46≥
ϕBA- 9/23 -1 14/23 0 -18/23 -18/23 14/23 14/23 -111/46≥
ϕBA+ -9/23 1 -14/23 0 18/23 18/23 -14/23 -14/23 -73/46≥
ϕBC- -1 0 0 0 0 0 0 0 -3≥
X 35/46 0 -6/23 1 -12/23 -12/23 11/46 -29/23 -143/46≥
ϕCD- -35/46 0 6/23 0 12/23 12/23 -11/46 6/23 -9/23≥
ϕCD+ 35/46 0 -6/23 0 -12/23 -12/23 11/46 -6/23 -60/23≥
αbF 1/23 0 -1/23 0 -2/23 -2/23 -1/23 -1/23 -10/23≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 1 0 0 0 0 -1 0 -3/2≥
ϕDE+ 0 -1 0 0 0 0 1 0 -5/2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z -11/46 0 -6/23 1 -12/23 -12/23 11/46 -6/23 -60/23≥
ϕBF- 14/23 1 -14/23 0 18/23 18/23 -14/23 -14/23 -2/23≥
ϕBF+ -14/23 -1 14/23 0 -18/23 -18/23 14/23 14/23 -90/23≥
ϕFG- 8/23 0 -8/23 0 30/23 7/23 -8/23 -8/23 -11/23≥
ϕFG+ -8/23 0 8/23 0 -30/23 -7/23 8/23 8/23 -58/23≥
S 35/46 1 -6/23 1 -12/23 -12/23 -35/46 -6/23 -14/23≥
ϕGH+ 0 0 0 0 -1 0 0 0 -3≥
R 51/46 0 -14/23 1 18/23 -5/23 -5/46 -14/23 -2/23≥
ϕHG+ 0 0 0 0 0 -1 0 0 -3≥
ϕDH- 0 -1 0 0 0 0 0 0 -4≥
Y 53/46 -1 8/23 1 -30/23 -30/23 39/46 8/23 -35/23≥
LX -35/46 0 6/23 -1 12/23 12/23 -11/46 6/23 -41/46≥
Max 1/23 0 -1/23 0 -2/23 -2/23 -1/23 -1/23 -10/23=
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Scambio pivotale 7-1
ϕCD- ϕDH+ ϕED+ T ϕGH- ϕHG- ϕDC- ϕAB+ Fb

ϕAB- 0 0 0 0 0 0 0 -1 -4≥
X- -1 0 0 1 0 0 0 0 -3/2≥
ϕBA- -18/35 -1 26/35 0 -18/35 -18/35 17/35 26/35 -183/70≥
ϕBA+ 18/35 1 -26/35 0 18/35 18/35 -17/35 -26/35 -97/70≥
ϕBC- 46/35 0 -12/35 0 -24/35 -24/35 11/35 -12/35 -87/35≥
X -1 0 0 1 0 0 0 -1 -7/2≥
ϕBC+ -46/35 0 12/35 0 24/35 24/35 -11/35 12/35 -18/35≥
ϕCD+ -1 0 0 0 0 0 0 0 -3≥
αbF -2/35 0 -1/35 0 -2/35 -2/35 -2/35 -1/35 -16/35≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 1 0 0 0 0 -1 0 -3/2≥
ϕDE+ 0 -1 0 0 0 0 1 0 -5/2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z 11/35 0 -12/35 1 -24/35 -24/35 11/35 -12/35 -87/35≥
ϕBF- -4/5 1 -2/5 0 6/5 6/5 -4/5 -2/5 -2/5≥
ϕBF+ 4/5 -1 2/5 0 -6/5 -6/5 4/5 2/5 -18/5≥
ϕFG- -16/35 0 -8/35 0 54/35 19/35 -16/35 -8/35 -23/35≥
ϕFG+ 16/35 0 8/35 0 -54/35 -19/35 16/35 8/35 -82/35≥
S -1 1 0 1 0 0 -1 0 -1≥
ϕGH+ 0 0 0 0 -1 0 0 0 -3≥
R -51/35 0 -8/35 1 54/35 19/35 -16/35 -8/35 -23/35≥
ϕHG+ 0 0 0 0 0 -1 0 0 -3≥
ϕDH- 0 -1 0 0 0 0 0 0 -4≥
Y -53/35 -1 26/35 1 -18/35 -18/35 17/35 26/35 -74/35≥
LX 1 0 0 -1 0 0 0 0 -1/2≥
Max -2/35 0 -1/35 0 -2/35 -2/35 -2/35 -1/35 -16/35=
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Tableau finale
ϕCD- ϕDH+ ϕED+ T ϕGH- ϕHG- ϕDC- ϕAB+ Fb

ϕAB- 0 0 0 0 0 0 0 -1 -4≥
X- -1 0 0 1 0 0 0 0 -3/2≥
ϕBA- -18/35 -1 26/35 0 -18/35 -18/35 17/35 26/35 -183/70≥
ϕBA+ 18/35 1 -26/35 0 18/35 18/35 -17/35 -26/35 -97/70≥
ϕBC- 46/35 0 -12/35 0 -24/35 -24/35 11/35 -12/35 -87/35≥
X -1 0 0 1 0 0 0 -1 -7/2≥
ϕBC+ -46/35 0 12/35 0 24/35 24/35 -11/35 12/35 -18/35≥
ϕCD+ -1 0 0 0 0 0 0 0 -3≥
αbF -2/35 0 -1/35 0 -2/35 -2/35 -2/35 -1/35 -16/35≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 1 0 0 0 0 -1 0 -3/2≥
ϕDE+ 0 -1 0 0 0 0 1 0 -5/2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z 11/35 0 -12/35 1 -24/35 -24/35 11/35 -12/35 -87/35≥
ϕBF- -4/5 1 -2/5 0 6/5 6/5 -4/5 -2/5 -2/5≥
ϕBF+ 4/5 -1 2/5 0 -6/5 -6/5 4/5 2/5 -18/5≥
ϕFG- -16/35 0 -8/35 0 54/35 19/35 -16/35 -8/35 -23/35≥
ϕFG+ 16/35 0 8/35 0 -54/35 -19/35 16/35 8/35 -82/35≥
S -1 1 0 1 0 0 -1 0 -1≥
ϕGH+ 0 0 0 0 -1 0 0 0 -3≥
R -51/35 0 -8/35 1 54/35 19/35 -16/35 -8/35 -23/35≥
ϕHG+ 0 0 0 0 0 -1 0 0 -3≥
ϕDH- 0 -1 0 0 0 0 0 0 -4≥
Y -53/35 -1 26/35 1 -18/35 -18/35 17/35 26/35 -74/35≥
LX 1 0 0 -1 0 0 0 0 -1/2≥
Max -2/35 0 -1/35 0 -2/35 -2/35 -2/35 -1/35 -16/35=
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Vettori soluzione della programmazione lineare
X Y Z T S R αbF X- Fb

ϕAB- 0 0 0 0 0 0 0 0 0≥
ϕAB+ 0 0 0 0 0 0 0 0 1/35≥
ϕBA- 0 0 0 0 0 0 0 0 0≥
ϕBA+ 0 0 0 0 0 0 0 0 0≥
ϕBC- 0 0 0 0 0 0 0 0 0≥
ϕBC+ 0 0 0 0 0 0 0 0 0≥
ϕCD- 0 0 0 0 0 0 0 0 2/35≥
ϕCD+ 0 0 0 0 0 0 0 0 0≥
ϕDC- 0 0 0 0 0 0 0 0 2/35≥
ϕDC+ 0 0 0 0 0 0 0 0 0≥
ϕDE- 0 0 0 0 0 0 0 0 0≥
ϕDE+ 0 0 0 0 0 0 0 0 0≥
ϕED- 0 0 0 0 0 0 0 0 0≥
ϕED+ 0 0 0 0 0 0 0 0 1/35≥
ϕBF- 0 0 0 0 0 0 0 0 0≥
ϕBF+ 0 0 0 0 0 0 0 0 0≥
ϕFG- 0 0 0 0 0 0 0 0 0≥
ϕFG+ 0 0 0 0 0 0 0 0 0≥
ϕGH- 0 0 0 0 0 0 0 0 2/35≥
ϕGH+ 0 0 0 0 0 0 0 0 0≥
ϕHG- 0 0 0 0 0 0 0 0 2/35≥
ϕHG+ 0 0 0 0 0 0 0 0 0≥
ϕDH- 0 0 0 0 0 0 0 0 0≥
ϕDH+ 0 0 0 0 0 0 0 0 0≥
LX 0 0 0 0 0 0 0 0 0≥
Max 7/2 74/35 87/35 0 1 23/35 16/35 3/2 -16/35=

Variabili soluzione dedotto il valore X-
X Y Z T S R
2 43/70 69/70 -3/2 -1/2 -59/70
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Variabili soluzione differenza tra rotazioni

ϕAB 1/35
ϕBA 0
ϕBC 0
ϕCD -2/35
ϕDC -2/35
ϕDE 0
ϕED 1/35
ϕBF 0
ϕFG 0
ϕGH -2/35
ϕHG -2/35
ϕDH 0

REAZIONI Fattore di collasso = 16/35
HA = -61/70F
VA = 11/7F
WA = 2Fb
HE = -1/2F
VE = 3F
WE = 2Fb

HAB = -61/70F
VAB = 11/7F
WAB = 2Fb
HBA = 61/70F
VBA = -11/7F
WBA = 43/70Fb

HBC = -2/3F
VBC = 87/70F
WBC = 69/70Fb
HCB = 2/3F
VCB = -87/70F
WCB = 3/2Fb

HCD = -2/3F
VCD = -3/2F
WCD = -3/2Fb
HDC = 2/3F
VDC = 3/2F
WDC = -3/2Fb

HDE = 1/2F
VDE = -3F
WDE = -1/2Fb
HED = -1/2F
VED = 3F
WED = 2Fb

HBF = 53/210F
VBF = 23/70F
WBF = -8/5Fb
HFB = -53/210F
VFB = -23/70F
WFB = 59/70Fb

HFG = 7/6F
VFG = 23/70F
WFG = -59/70Fb
HGF = -7/6F
VGF = -23/70F
WGF = 3/2Fb

HGH = 7/6F
VGH = -3/2F
WGH = -3/2Fb
HHG = -7/6F
VHG = 3/2F
WHG = -3/2Fb

HHD = 7/6F
VHD = -3/2F
WHD = 3/2Fb
HDH = -7/6F
VDH = 3/2F
WDH = 2Fb

SPOSTAMENTI NODALI

uAAB = 0
vAAB = 0
ϕAAB = -1/35δ/b

uB = 3/35δ
vB = 0
ϕB = -1/35δ/b

uCCB = 3/35δ
vCCB = -2/35δ
ϕCCB = -1/35δ/b

uD = 3/35δ
vD = 0
ϕD = 1/35δ/b

uEED = 0
vEED = 0
ϕE = -1/35δ/b
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uF = 6/35δ
vF = 0
ϕF = -1/35δ/b

uGGF = 6/35δ
vGGF = -2/35δ
ϕGGF = -1/35δ/b

uHHG = 6/35δ
vHHG = 0
ϕHHD = 1/35δ/b

SPOSTAMENTI RIGIDI DELLE ASTE

uAAB = 0
vAAB = 0
ϕAAB = -1/35δ/b

uBBC = 3/35δ
vBBC = 0
ϕBBC = -1/35δ/b

uCCD = 3/35δ
vCCD = -2/35δ
ϕCCD = 1/35δ/b

uDDE = 3/35δ
vDDE = 0
ϕDDE = -1/35δ/b

uBBF = 3/35δ
vBBF = 0
ϕBBF = -1/35δ/b

uFFG = 6/35δ
vFFG = 0
ϕFFG = -1/35δ/b

uGGH = 6/35δ
vGGH = -2/35δ
ϕGGH = 1/35δ/b

uHHD = 6/35δ
vHHD = 0
ϕHHD = -1/35δ/b
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PROGRAMMAZIONE LINEARE
Sia Hij la matrice del simplesso, con m righe e n colonne.
Siano Pj le variabili primali di riga e Di le variabili duali di colonna, con 1≤j<n, 1≤i<m.
Siano a riga m i coefficienti della funzione obiettivo primale max Σj Hmj Pj, 1≤j<n.
Siano a colonna n i coefficienti della funzione obiettivo duale min Σi Hin Di, 1≤i<m.
Sequenza di operazioni pivotali:
1 Sia q  (1≤q<n) la colonna pivot con massimo valore Hmj in riga m.
2 Sia p  (1≤p<m) la riga pivot di colonna q, a coefficiente negativo Hiq, che minimizza il rapporto Hin/Hiq.
3 Si ottiene il coefficiente pivotale Hpq.
4 Si scambia la variabile primale Pq con la duale Dp.
5 Si ridefinisce il coefficiente pivotale Hpq=1/Hpq.
6 Si ridefiniscono i coefficienti della colonna pivot q: Hiq = Hpq Hiq, escluso il pivot Hpq.
7 Si ridefiniscono tutti i coefficienti della matrice, esclusa la riga p e la colonna q: Hij = Hij - Hiq Hpj.
8 Si ridefiniscono i coefficienti della riga pivot p: Hpj = - Hpq Hpj, escluso il pivot Hpq.
Si ripete il ciclo 1-8 sino a quando la funzione obiettivo di riga m ha solo coefficienti non-positivi.
Giunti a questo punto, si individua la soluzione.
Si hanno gli elementi non nulli del vettore soluzione primale, con segno cambiato, sulla colonna n dei
termini noti, in corrispondenza delle variabili Pj presenti sulla colonna di sinistra.
Si hanno gli elementi non nulli del vettore soluzione duale, con segno cambiato, sulla riga m
della funzione obiettivo, in corrispondenza delle variabili Di presenti sulla colonna superiore.

Programmazione lineare m=6,n=4
P1 P2 P3 MIN

D1 H11 H12 H13 H14≥
D2 H21 H22 H23 H24≥
D3 H31 H32 H33 H34≥
D4 H41 H42 H43 H44≥
D5 H51 H52 H53 H54≥
MAX H61 H62 H63 H64=
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SOLUZIONE DEL SIMPLESSO  X=WAB Y=WBA Z=WBC T=WCD S=WDE R=WFB

Tableau con variabili non vincolate in segno
X Y Z T S R αbF Fb

WAB- 1 0 0 0 0 0 0 -1≥
WAB+ 1 0 0 0 0 0 0 1≤
WBA- 0 1 0 0 0 0 0 -1≥
WBA+ 0 1 0 0 0 0 0 1≤
WBC- 0 0 1 0 0 0 0 -3/2≥
WBC+ 0 0 1 0 0 0 0 3/2≤
WCD- 0 0 0 1 0 0 0 -3/2≥
WCD+ 0 0 0 1 0 0 0 3/2≤
WDC- 0 0 1 -2 0 0 -8 -3/2≥
WDC+ 0 0 1 -2 0 0 -8 3/2≤
WDE- 0 0 0 0 1 0 0 -1≥
WDE+ 0 0 0 0 1 0 0 1≤
WED- -1 -1 0 0 -1 0 18 -1≥
WED+ -1 -1 0 0 -1 0 18 1≤
WBF- 0 -1 -1 0 0 0 0 -1≥
WBF+ 0 -1 -1 0 0 0 0 1≤
WFB- 0 0 0 0 0 1 0 -1≥
WFB+ 0 0 0 0 0 1 0 1≤
WGH- 0 1/2 1 -1 1/2 -1 -4 -3/2≥
WGH+ 0 1/2 1 -1 1/2 -1 -4 3/2≤
WHD- 0 1 2 -2 1 -1 4 -1≥
WHD+ 0 1 2 -2 1 -1 4 1≤
WDH- 0 0 -1 2 -1 0 8 -1≥
WDH+ 0 0 -1 2 -1 0 8 1≤
Max 0 0 0 0 0 0 1 0=
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Tableau con variabili non vincolate in segno
X Y Z T S R αbF Fb

WAB- 1 0 0 0 0 0 0 -1≥
WAB+ -1 0 0 0 0 0 0 -1≥
WBA- 0 1 0 0 0 0 0 -1≥
WBA+ 0 -1 0 0 0 0 0 -1≥
WBC- 0 0 1 0 0 0 0 -3/2≥
WBC+ 0 0 -1 0 0 0 0 -3/2≥
WCD- 0 0 0 1 0 0 0 -3/2≥
WCD+ 0 0 0 -1 0 0 0 -3/2≥
WDC- 0 0 1 -2 0 0 -8 -3/2≥
WDC+ 0 0 -1 2 0 0 8 -3/2≥
WDE- 0 0 0 0 1 0 0 -1≥
WDE+ 0 0 0 0 -1 0 0 -1≥
WED- -1 -1 0 0 -1 0 18 -1≥
WED+ 1 1 0 0 1 0 -18 -1≥
WBF- 0 -1 -1 0 0 0 0 -1≥
WBF+ 0 1 1 0 0 0 0 -1≥
WFB- 0 0 0 0 0 1 0 -1≥
WFB+ 0 0 0 0 0 -1 0 -1≥
WGH- 0 1/2 1 -1 1/2 -1 -4 -3/2≥
WGH+ 0 -1/2 -1 1 -1/2 1 4 -3/2≥
WHD- 0 1 2 -2 1 -1 4 -1≥
WHD+ 0 -1 -2 2 -1 1 -4 -1≥
WDH- 0 0 -1 2 -1 0 8 -1≥
WDH+ 0 0 1 -2 1 0 -8 -1≥
Max 0 0 0 0 0 0 1 0=
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Tableau con variabili vincolate in segno
X+ Y+ Z+ T+ S+ R+ X- Y- Z- T- S- R- αbF Fb

WAB- 1 0 0 0 0 0 -1 0 0 0 0 0 0 -1≥
WAB+ -1 0 0 0 0 0 1 0 0 0 0 0 0 -1≤
WBA- 0 1 0 0 0 0 0 -1 0 0 0 0 0 -1≥
WBA+ 0 -1 0 0 0 0 0 1 0 0 0 0 0 -1≤
WBC- 0 0 1 0 0 0 0 0 -1 0 0 0 0 -3/2≥
WBC+ 0 0 -1 0 0 0 0 0 1 0 0 0 0 -3/2≤
WCD- 0 0 0 1 0 0 0 0 0 -1 0 0 0 -3/2≥
WCD+ 0 0 0 -1 0 0 0 0 0 1 0 0 0 -3/2≤
WDC- 0 0 1 -2 0 0 0 0 -1 2 0 0 -8 -3/2≥
WDC+ 0 0 -1 2 0 0 0 0 1 -2 0 0 8 -3/2≤
WDE- 0 0 0 0 1 0 0 0 0 0 -1 0 0 -1≥
WDE+ 0 0 0 0 -1 0 0 0 0 0 1 0 0 -1≤
WED- -1 -1 0 0 -1 0 1 1 0 0 1 0 18 -1≥
WED+ 1 1 0 0 1 0 -1 -1 0 0 -1 0 -18 -1≤
WBF- 0 -1 -1 0 0 0 0 1 1 0 0 0 0 -1≥
WBF+ 0 1 1 0 0 0 0 -1 -1 0 0 0 0 -1≤
WFB- 0 0 0 0 0 1 0 0 0 0 0 -1 0 -1≥
WFB+ 0 0 0 0 0 -1 0 0 0 0 0 1 0 -1≤
WGH- 0 1/2 1 -1 1/2 -1 0 -1/2 -1 1 -1/2 1 -4 -3/2≥
WGH+ 0 -1/2 -1 1 -1/2 1 0 1/2 1 -1 1/2 -1 4 -3/2≤
WHD- 0 1 2 -2 1 -1 0 -1 -2 2 -1 1 4 -1≥
WHD+ 0 -1 -2 2 -1 1 0 1 2 -2 1 -1 -4 -1≤
WDH- 0 0 -1 2 -1 0 0 0 1 -2 1 0 8 -1≥
WDH+ 0 0 1 -2 1 0 0 0 -1 2 -1 0 -8 -1≤
Max 0 0 0 0 0 0 0 0 0 0 0 0 1 0=
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Tableau a variabili negative su X- e limitate
X Y Z T S R αbF X- Fb

ϕAB- 1 0 0 0 0 0 0 -1 -1≥
ϕAB+ -1 0 0 0 0 0 0 1 -1≥
ϕBA- 0 1 0 0 0 0 0 -1 -1≥
ϕBA+ 0 -1 0 0 0 0 0 1 -1≥
ϕBC- 0 0 1 0 0 0 0 -1 -3/2≥
ϕBC+ 0 0 -1 0 0 0 0 1 -3/2≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
ϕDC- 0 0 1 -2 0 0 -8 1 -3/2≥
ϕDC+ 0 0 -1 2 0 0 8 -1 -3/2≥
ϕDE- 0 0 0 0 1 0 0 -1 -1≥
ϕDE+ 0 0 0 0 -1 0 0 1 -1≥
ϕED- -1 -1 0 0 -1 0 18 3 -1≥
ϕED+ 1 1 0 0 1 0 -18 -3 -1≥
ϕBF- 0 -1 -1 0 0 0 0 2 -1≥
ϕBF+ 0 1 1 0 0 0 0 -2 -1≥
ϕFB- 0 0 0 0 0 1 0 -1 -1≥
ϕFB+ 0 0 0 0 0 -1 0 1 -1≥
ϕGH- 0 1/2 1 -1 1/2 -1 -4 0 -3/2≥
ϕGH+ 0 -1/2 -1 1 -1/2 1 4 0 -3/2≥
ϕHD- 0 1 2 -2 1 -1 4 -1 -1≥
ϕHD+ 0 -1 -2 2 -1 1 -4 1 -1≥
ϕDH- 0 0 -1 2 -1 0 8 0 -1≥
ϕDH+ 0 0 1 -2 1 0 -8 0 -1≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max 0 0 0 0 0 0 1 0 0=
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Scambio pivotale 14-7
X Y Z T S R ϕED+ X- Fb

ϕAB- 1 0 0 0 0 0 0 -1 -1≥
ϕAB+ -1 0 0 0 0 0 0 1 -1≥
ϕBA- 0 1 0 0 0 0 0 -1 -1≥
ϕBA+ 0 -1 0 0 0 0 0 1 -1≥
ϕBC- 0 0 1 0 0 0 0 -1 -3/2≥
ϕBC+ 0 0 -1 0 0 0 0 1 -3/2≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
ϕDC- -4/9 -4/9 1 -2 -4/9 0 4/9 7/3 -19/18≥
ϕDC+ 4/9 4/9 -1 2 4/9 0 -4/9 -7/3 -35/18≥
ϕDE- 0 0 0 0 1 0 0 -1 -1≥
ϕDE+ 0 0 0 0 -1 0 0 1 -1≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF 1/18 1/18 0 0 1/18 0 -1/18 -1/6 -1/18≥
ϕBF- 0 -1 -1 0 0 0 0 2 -1≥
ϕBF+ 0 1 1 0 0 0 0 -2 -1≥
ϕFB- 0 0 0 0 0 1 0 -1 -1≥
ϕFB+ 0 0 0 0 0 -1 0 1 -1≥
ϕGH- -2/9 5/18 1 -1 5/18 -1 2/9 2/3 -23/18≥
ϕGH+ 2/9 -5/18 -1 1 -5/18 1 -2/9 -2/3 -31/18≥
ϕHD- 2/9 11/9 2 -2 11/9 -1 -2/9 -5/3 -11/9≥
ϕHD+ -2/9 -11/9 -2 2 -11/9 1 2/9 5/3 -7/9≥
ϕDH- 4/9 4/9 -1 2 -5/9 0 -4/9 -4/3 -13/9≥
ϕDH+ -4/9 -4/9 1 -2 5/9 0 4/9 4/3 -5/9≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max 1/18 1/18 0 0 1/18 0 -1/18 -1/6 -1/18=
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Scambio pivotale 2-1
ϕAB+ Y Z T S R ϕED+ X- Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -1 0 0 0 0 0 0 1 -1≥
ϕBA- 0 1 0 0 0 0 0 -1 -1≥
ϕBA+ 0 -1 0 0 0 0 0 1 -1≥
ϕBC- 0 0 1 0 0 0 0 -1 -3/2≥
ϕBC+ 0 0 -1 0 0 0 0 1 -3/2≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
ϕDC- 4/9 -4/9 1 -2 -4/9 0 4/9 17/9 -11/18≥
ϕDC+ -4/9 4/9 -1 2 4/9 0 -4/9 -17/9 -43/18≥
ϕDE- 0 0 0 0 1 0 0 -1 -1≥
ϕDE+ 0 0 0 0 -1 0 0 1 -1≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/18 1/18 0 0 1/18 0 -1/18 -1/9 -1/9≥
ϕBF- 0 -1 -1 0 0 0 0 2 -1≥
ϕBF+ 0 1 1 0 0 0 0 -2 -1≥
ϕFB- 0 0 0 0 0 1 0 -1 -1≥
ϕFB+ 0 0 0 0 0 -1 0 1 -1≥
ϕGH- 2/9 5/18 1 -1 5/18 -1 2/9 4/9 -19/18≥
ϕGH+ -2/9 -5/18 -1 1 -5/18 1 -2/9 -4/9 -35/18≥
ϕHD- -2/9 11/9 2 -2 11/9 -1 -2/9 -13/9 -13/9≥
ϕHD+ 2/9 -11/9 -2 2 -11/9 1 2/9 13/9 -5/9≥
ϕDH- -4/9 4/9 -1 2 -5/9 0 -4/9 -8/9 -17/9≥
ϕDH+ 4/9 -4/9 1 -2 5/9 0 4/9 8/9 -1/9≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max -1/18 1/18 0 0 1/18 0 -1/18 -1/9 -1/9=
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Scambio pivotale 24-2
ϕAB+ ϕDH+ Z T S R ϕED+ X- Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -1 0 0 0 0 0 0 1 -1≥
ϕBA- 1 -9/4 9/4 -9/2 5/4 0 1 1 -5/4≥
ϕBA+ -1 9/4 -9/4 9/2 -5/4 0 -1 -1 -3/4≥
ϕBC- 0 0 1 0 0 0 0 -1 -3/2≥
ϕBC+ 0 0 -1 0 0 0 0 1 -3/2≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
ϕDC- 0 1 0 0 -1 0 0 1 -1/2≥
ϕDC+ 0 -1 0 0 1 0 0 -1 -5/2≥
ϕDE- 0 0 0 0 1 0 0 -1 -1≥
ϕDE+ 0 0 0 0 -1 0 0 1 -1≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF 0 -1/8 1/8 -1/4 1/8 0 0 0 -1/8≥
ϕBF- -1 9/4 -13/4 9/2 -5/4 0 -1 0 -3/4≥
ϕBF+ 1 -9/4 13/4 -9/2 5/4 0 1 0 -5/4≥
ϕFB- 0 0 0 0 0 1 0 -1 -1≥
ϕFB+ 0 0 0 0 0 -1 0 1 -1≥
ϕGH- 1/2 -5/8 13/8 -9/4 5/8 -1 1/2 1 -9/8≥
ϕGH+ -1/2 5/8 -13/8 9/4 -5/8 1 -1/2 -1 -15/8≥
ϕHD- 1 -11/4 19/4 -15/2 11/4 -1 1 1 -7/4≥
ϕHD+ -1 11/4 -19/4 15/2 -11/4 1 -1 -1 -1/4≥
ϕDH- 0 -1 0 0 0 0 0 0 -2≥
Y 1 -9/4 9/4 -9/2 5/4 0 1 2 -1/4≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max 0 -1/8 1/8 -1/4 1/8 0 0 0 -1/8=
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Scambio pivotale 22-3
ϕAB+ ϕDH+ ϕHD+ T S R ϕED+ X- Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -1 0 0 0 0 0 0 1 -1≥
ϕBA- 10/19 -18/19 -9/19 -18/19 -1/19 9/19 10/19 10/19 -26/19≥
ϕBA+ -10/19 18/19 9/19 18/19 1/19 -9/19 -10/19 -10/19 -12/19≥
ϕBC- -4/19 11/19 -4/19 30/19 -11/19 4/19 -4/19 -23/19 -59/38≥
ϕBC+ 4/19 -11/19 4/19 -30/19 11/19 -4/19 4/19 23/19 -55/38≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
ϕDC- 0 1 0 0 -1 0 0 1 -1/2≥
ϕDC+ 0 -1 0 0 1 0 0 -1 -5/2≥
ϕDE- 0 0 0 0 1 0 0 -1 -1≥
ϕDE+ 0 0 0 0 -1 0 0 1 -1≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/38 -1/19 -1/38 -1/19 1/19 1/38 -1/38 -1/38 -5/38≥
ϕBF- -6/19 7/19 13/19 -12/19 12/19 -13/19 -6/19 13/19 -11/19≥
ϕBF+ 6/19 -7/19 -13/19 12/19 -12/19 13/19 6/19 -13/19 -27/19≥
ϕFB- 0 0 0 0 0 1 0 -1 -1≥
ϕFB+ 0 0 0 0 0 -1 0 1 -1≥
ϕGH- 3/19 6/19 -13/38 6/19 -6/19 -25/38 3/19 25/38 -23/19≥
ϕGH+ -3/19 -6/19 13/38 -6/19 6/19 25/38 -3/19 -25/38 -34/19≥
ϕHD- 0 0 -1 0 0 0 0 0 -2≥
Z -4/19 11/19 -4/19 30/19 -11/19 4/19 -4/19 -4/19 -1/19≥
ϕDH- 0 -1 0 0 0 0 0 0 -2≥
Y 10/19 -18/19 -9/19 -18/19 -1/19 9/19 10/19 29/19 -7/19≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max -1/38 -1/19 -1/38 -1/19 1/19 1/38 -1/38 -1/38 -5/38=
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Scambio pivotale 22-5
ϕAB+ ϕDH+ ϕHD+ T Z R ϕED+ X- Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -1 0 0 0 0 0 0 1 -1≥
ϕBA- 6/11 -1 -5/11 -12/11 1/11 5/11 6/11 6/11 -15/11≥
ϕBA+ -6/11 1 5/11 12/11 -1/11 -5/11 -6/11 -6/11 -7/11≥
ϕBC- 0 0 0 0 1 0 0 -1 -3/2≥
ϕBC+ 0 0 0 0 -1 0 0 1 -3/2≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
ϕDC- 4/11 0 4/11 -30/11 19/11 -4/11 4/11 15/11 -9/22≥
ϕDC+ -4/11 0 -4/11 30/11 -19/11 4/11 -4/11 -15/11 -57/22≥
ϕDE- -4/11 1 -4/11 30/11 -19/11 4/11 -4/11 -15/11 -12/11≥
ϕDE+ 4/11 -1 4/11 -30/11 19/11 -4/11 4/11 15/11 -10/11≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/22 0 -1/22 1/11 -1/11 1/22 -1/22 -1/22 -3/22≥
ϕBF- -6/11 1 5/11 12/11 -12/11 -5/11 -6/11 5/11 -7/11≥
ϕBF+ 6/11 -1 -5/11 -12/11 12/11 5/11 6/11 -5/11 -15/11≥
ϕFB- 0 0 0 0 0 1 0 -1 -1≥
ϕFB+ 0 0 0 0 0 -1 0 1 -1≥
ϕGH- 3/11 0 -5/22 -6/11 6/11 -17/22 3/11 17/22 -13/11≥
ϕGH+ -3/11 0 5/22 6/11 -6/11 17/22 -3/11 -17/22 -20/11≥
ϕHD- 0 0 -1 0 0 0 0 0 -2≥
S -4/11 1 -4/11 30/11 -19/11 4/11 -4/11 -4/11 -1/11≥
ϕDH- 0 -1 0 0 0 0 0 0 -2≥
Y 6/11 -1 -5/11 -12/11 1/11 5/11 6/11 17/11 -4/11≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max -1/22 0 -1/22 1/11 -1/11 1/22 -1/22 -1/22 -3/22=
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Scambio pivotale 9-4
ϕAB+ ϕDH+ ϕHD+ ϕDC- Z R ϕED+ X- Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -1 0 0 0 0 0 0 1 -1≥
ϕBA- 2/5 -1 -3/5 2/5 -3/5 3/5 2/5 0 -6/5≥
ϕBA+ -2/5 1 3/5 -2/5 3/5 -3/5 -2/5 0 -4/5≥
ϕBC- 0 0 0 0 1 0 0 -1 -3/2≥
ϕBC+ 0 0 0 0 -1 0 0 1 -3/2≥
ϕCD- 2/15 0 2/15 -11/30 19/30 -2/15 2/15 -1/2 -33/20≥
ϕCD+ -2/15 0 -2/15 11/30 -19/30 2/15 -2/15 1/2 -27/20≥
T 2/15 0 2/15 -11/30 19/30 -2/15 2/15 1/2 -3/20≥
ϕDC+ 0 0 0 -1 0 0 0 0 -3≥
ϕDE- 0 1 0 -1 0 0 0 0 -3/2≥
ϕDE+ 0 -1 0 1 0 0 0 0 -1/2≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/30 0 -1/30 -1/30 -1/30 1/30 -1/30 0 -3/20≥
ϕBF- -2/5 1 3/5 -2/5 -2/5 -3/5 -2/5 1 -4/5≥
ϕBF+ 2/5 -1 -3/5 2/5 2/5 3/5 2/5 -1 -6/5≥
ϕFB- 0 0 0 0 0 1 0 -1 -1≥
ϕFB+ 0 0 0 0 0 -1 0 1 -1≥
ϕGH- 1/5 0 -3/10 1/5 1/5 -7/10 1/5 1/2 -11/10≥
ϕGH+ -1/5 0 3/10 -1/5 -1/5 7/10 -1/5 -1/2 -19/10≥
ϕHD- 0 0 -1 0 0 0 0 0 -2≥
S 0 1 0 -1 0 0 0 1 -1/2≥
ϕDH- 0 -1 0 0 0 0 0 0 -2≥
Y 2/5 -1 -3/5 2/5 -3/5 3/5 2/5 1 -1/5≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max -1/30 0 -1/30 -1/30 -1/30 1/30 -1/30 0 -3/20=
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Scambio pivotale 18-6
ϕAB+ ϕDH+ ϕHD+ ϕDC- Z ϕFB+ ϕED+ X- Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -1 0 0 0 0 0 0 1 -1≥
ϕBA- 2/5 -1 -3/5 2/5 -3/5 -3/5 2/5 3/5 -9/5≥
ϕBA+ -2/5 1 3/5 -2/5 3/5 3/5 -2/5 -3/5 -1/5≥
ϕBC- 0 0 0 0 1 0 0 -1 -3/2≥
ϕBC+ 0 0 0 0 -1 0 0 1 -3/2≥
ϕCD- 2/15 0 2/15 -11/30 19/30 2/15 2/15 -19/30 -91/60≥
ϕCD+ -2/15 0 -2/15 11/30 -19/30 -2/15 -2/15 19/30 -89/60≥
T 2/15 0 2/15 -11/30 19/30 2/15 2/15 11/30 -1/60≥
ϕDC+ 0 0 0 -1 0 0 0 0 -3≥
ϕDE- 0 1 0 -1 0 0 0 0 -3/2≥
ϕDE+ 0 -1 0 1 0 0 0 0 -1/2≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/30 0 -1/30 -1/30 -1/30 -1/30 -1/30 1/30 -11/60≥
ϕBF- -2/5 1 3/5 -2/5 -2/5 3/5 -2/5 2/5 -1/5≥
ϕBF+ 2/5 -1 -3/5 2/5 2/5 -3/5 2/5 -2/5 -9/5≥
ϕFB- 0 0 0 0 0 -1 0 0 -2≥
R 0 0 0 0 0 -1 0 1 -1≥
ϕGH- 1/5 0 -3/10 1/5 1/5 7/10 1/5 -1/5 -2/5≥
ϕGH+ -1/5 0 3/10 -1/5 -1/5 -7/10 -1/5 1/5 -13/5≥
ϕHD- 0 0 -1 0 0 0 0 0 -2≥
S 0 1 0 -1 0 0 0 1 -1/2≥
ϕDH- 0 -1 0 0 0 0 0 0 -2≥
Y 2/5 -1 -3/5 2/5 -3/5 -3/5 2/5 8/5 -4/5≥
LX 0 0 0 0 0 0 0 -1 -3/2≥
Max -1/30 0 -1/30 -1/30 -1/30 -1/30 -1/30 1/30 -11/60=
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Scambio pivotale 4-8
ϕAB+ ϕDH+ ϕHD+ ϕDC- Z ϕFB+ ϕED+ ϕBA+ Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -5/3 5/3 1 -2/3 1 1 -2/3 -5/3 -4/3≥
ϕBA- 0 0 0 0 0 0 0 -1 -2≥
X- -2/3 5/3 1 -2/3 1 1 -2/3 -5/3 -1/3≥
ϕBC- 2/3 -5/3 -1 2/3 0 -1 2/3 5/3 -7/6≥
ϕBC+ -2/3 5/3 1 -2/3 0 1 -2/3 -5/3 -11/6≥
ϕCD- 5/9 -19/18 -1/2 1/18 0 -1/2 5/9 19/18 -47/36≥
ϕCD+ -5/9 19/18 1/2 -1/18 0 1/2 -5/9 -19/18 -61/36≥
T -1/9 11/18 1/2 -11/18 1 1/2 -1/9 -11/18 -5/36≥
ϕDC+ 0 0 0 -1 0 0 0 0 -3≥
ϕDE- 0 1 0 -1 0 0 0 0 -3/2≥
ϕDE+ 0 -1 0 1 0 0 0 0 -1/2≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/18 1/18 0 -1/18 0 0 -1/18 -1/18 -7/36≥
ϕBF- -2/3 5/3 1 -2/3 0 1 -2/3 -2/3 -1/3≥
ϕBF+ 2/3 -5/3 -1 2/3 0 -1 2/3 2/3 -5/3≥
ϕFB- 0 0 0 0 0 -1 0 0 -2≥
R -2/3 5/3 1 -2/3 1 0 -2/3 -5/3 -4/3≥
ϕGH- 1/3 -1/3 -1/2 1/3 0 1/2 1/3 1/3 -1/3≥
ϕGH+ -1/3 1/3 1/2 -1/3 0 -1/2 -1/3 -1/3 -8/3≥
ϕHD- 0 0 -1 0 0 0 0 0 -2≥
S -2/3 8/3 1 -5/3 1 1 -2/3 -5/3 -5/6≥
ϕDH- 0 -1 0 0 0 0 0 0 -2≥
Y -2/3 5/3 1 -2/3 1 1 -2/3 -8/3 -4/3≥
LX 2/3 -5/3 -1 2/3 -1 -1 2/3 5/3 -7/6≥
Max -1/18 1/18 0 -1/18 0 0 -1/18 -1/18 -7/36=
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Scambio pivotale 12-2
ϕAB+ ϕDE+ ϕHD+ ϕDC- Z ϕFB+ ϕED+ ϕBA+ Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -5/3 -5/3 1 1 1 1 -2/3 -5/3 -13/6≥
ϕBA- 0 0 0 0 0 0 0 -1 -2≥
X- -2/3 -5/3 1 1 1 1 -2/3 -5/3 -7/6≥
ϕBC- 2/3 5/3 -1 -1 0 -1 2/3 5/3 -1/3≥
ϕBC+ -2/3 -5/3 1 1 0 1 -2/3 -5/3 -8/3≥
ϕCD- 5/9 19/18 -1/2 -1 0 -1/2 5/9 19/18 -7/9≥
ϕCD+ -5/9 -19/18 1/2 1 0 1/2 -5/9 -19/18 -20/9≥
T -1/9 -11/18 1/2 0 1 1/2 -1/9 -11/18 -4/9≥
ϕDC+ 0 0 0 -1 0 0 0 0 -3≥
ϕDE- 0 -1 0 0 0 0 0 0 -2≥
ϕDH+ 0 -1 0 1 0 0 0 0 -1/2≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/18 -1/18 0 0 0 0 -1/18 -1/18 -2/9≥
ϕBF- -2/3 -5/3 1 1 0 1 -2/3 -2/3 -7/6≥
ϕBF+ 2/3 5/3 -1 -1 0 -1 2/3 2/3 -5/6≥
ϕFB- 0 0 0 0 0 -1 0 0 -2≥
R -2/3 -5/3 1 1 1 0 -2/3 -5/3 -13/6≥
ϕGH- 1/3 1/3 -1/2 0 0 1/2 1/3 1/3 -1/6≥
ϕGH+ -1/3 -1/3 1/2 0 0 -1/2 -1/3 -1/3 -17/6≥
ϕHD- 0 0 -1 0 0 0 0 0 -2≥
S -2/3 -8/3 1 1 1 1 -2/3 -5/3 -13/6≥
ϕDH- 0 1 0 -1 0 0 0 0 -3/2≥
Y -2/3 -5/3 1 1 1 1 -2/3 -8/3 -13/6≥
LX 2/3 5/3 -1 -1 -1 -1 2/3 5/3 -1/3≥
Max -1/18 -1/18 0 0 0 0 -1/18 -1/18 -2/9=
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Tableau finale
ϕAB+ ϕDE+ ϕHD+ ϕDC- Z ϕFB+ ϕED+ ϕBA+ Fb

ϕAB- -1 0 0 0 0 0 0 0 -2≥
X -5/3 -5/3 1 1 1 1 -2/3 -5/3 -13/6≥
ϕBA- 0 0 0 0 0 0 0 -1 -2≥
X- -2/3 -5/3 1 1 1 1 -2/3 -5/3 -7/6≥
ϕBC- 2/3 5/3 -1 -1 0 -1 2/3 5/3 -1/3≥
ϕBC+ -2/3 -5/3 1 1 0 1 -2/3 -5/3 -8/3≥
ϕCD- 5/9 19/18 -1/2 -1 0 -1/2 5/9 19/18 -7/9≥
ϕCD+ -5/9 -19/18 1/2 1 0 1/2 -5/9 -19/18 -20/9≥
T -1/9 -11/18 1/2 0 1 1/2 -1/9 -11/18 -4/9≥
ϕDC+ 0 0 0 -1 0 0 0 0 -3≥
ϕDE- 0 -1 0 0 0 0 0 0 -2≥
ϕDH+ 0 -1 0 1 0 0 0 0 -1/2≥
ϕED- 0 0 0 0 0 0 -1 0 -2≥
αbF -1/18 -1/18 0 0 0 0 -1/18 -1/18 -2/9≥
ϕBF- -2/3 -5/3 1 1 0 1 -2/3 -2/3 -7/6≥
ϕBF+ 2/3 5/3 -1 -1 0 -1 2/3 2/3 -5/6≥
ϕFB- 0 0 0 0 0 -1 0 0 -2≥
R -2/3 -5/3 1 1 1 0 -2/3 -5/3 -13/6≥
ϕGH- 1/3 1/3 -1/2 0 0 1/2 1/3 1/3 -1/6≥
ϕGH+ -1/3 -1/3 1/2 0 0 -1/2 -1/3 -1/3 -17/6≥
ϕHD- 0 0 -1 0 0 0 0 0 -2≥
S -2/3 -8/3 1 1 1 1 -2/3 -5/3 -13/6≥
ϕDH- 0 1 0 -1 0 0 0 0 -3/2≥
Y -2/3 -5/3 1 1 1 1 -2/3 -8/3 -13/6≥
LX 2/3 5/3 -1 -1 -1 -1 2/3 5/3 -1/3≥
Max -1/18 -1/18 0 0 0 0 -1/18 -1/18 -2/9=
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Vettori soluzione della programmazione lineare
X Y Z T S R αbF X- Fb

ϕAB- 0 0 0 0 0 0 0 0 0≥
ϕAB+ 0 0 0 0 0 0 0 0 1/18≥
ϕBA- 0 0 0 0 0 0 0 0 0≥
ϕBA+ 0 0 0 0 0 0 0 0 1/18≥
ϕBC- 0 0 0 0 0 0 0 0 0≥
ϕBC+ 0 0 0 0 0 0 0 0 0≥
ϕCD- 0 0 0 0 0 0 0 0 0≥
ϕCD+ 0 0 0 0 0 0 0 0 0≥
ϕDC- 0 0 0 0 0 0 0 0 0≥
ϕDC+ 0 0 0 0 0 0 0 0 0≥
ϕDE- 0 0 0 0 0 0 0 0 0≥
ϕDE+ 0 0 0 0 0 0 0 0 1/18≥
ϕED- 0 0 0 0 0 0 0 0 0≥
ϕED+ 0 0 0 0 0 0 0 0 1/18≥
ϕBF- 0 0 0 0 0 0 0 0 0≥
ϕBF+ 0 0 0 0 0 0 0 0 0≥
ϕFB- 0 0 0 0 0 0 0 0 0≥
ϕFB+ 0 0 0 0 0 0 0 0 0≥
ϕGH- 0 0 0 0 0 0 0 0 0≥
ϕGH+ 0 0 0 0 0 0 0 0 0≥
ϕHD- 0 0 0 0 0 0 0 0 0≥
ϕHD+ 0 0 0 0 0 0 0 0 0≥
ϕDH- 0 0 0 0 0 0 0 0 0≥
ϕDH+ 0 0 0 0 0 0 0 0 0≥
LX 0 0 0 0 0 0 0 0 0≥
Max 13/6 13/6 0 4/9 13/6 13/6 2/9 7/6 -2/9=

Variabili soluzione dedotto il valore X-
X Y Z T S R
1 1 -7/6 -13/18 1 1
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Variabili soluzione differenza tra rotazioni

ϕAB 1/18
ϕBA 1/18
ϕBC 0
ϕCD 0
ϕDC 0
ϕDE 1/18
ϕED 1/18
ϕBF 0
ϕFB 0
ϕGH 0
ϕHD 0
ϕDH 0

REAZIONI Fattore di collasso = 2/9
HA = -2/3F
VA = -1/18F
WA = Fb
HE = -2/3F
VE = 41/18F
WE = Fb

HAB = -2/3F
VAB = -1/18F
WAB = Fb
HBA = 2/3F
VBA = 1/18F
WBA = Fb

HBC = 1/6F
VBC = -2/9F
WBC = -7/6Fb
HCB = -1/6F
VCB = 2/9F
WCB = 13/18Fb

HCD = 1/6F
VCD = -10/9F
WCD = -13/18Fb
HDC = -1/6F
VDC = 10/9F
WDC = -3/2Fb

HDE = 2/3F
VDE = -41/18F
WDE = Fb
HED = -2/3F
VED = 41/18F
WED = Fb

HBF = -7/18F
VBF = 1/6F
WBF = 1/6Fb
HFB = 7/18F
VFB = -1/6F
WFB = Fb

HFG = 1/2F
VFG = 1/6F
WFG = -Fb
HGF = -1/2F
VGF = -1/6F
WGF = 4/3Fb

HGH = 1/2F
VGH = -7/6F
WGH = -4/3Fb
HHG = -1/2F
VHG = 7/6F
WHG = -Fb

HHD = 1/2F
VHD = -7/6F
WHD = Fb
HDH = -1/2F
VDH = 7/6F
WDH = 1/2Fb

SPOSTAMENTI NODALI

uAAB = 0
vAAB = 0
ϕAAB = -1/18δ/b

uB = 1/6δ
vB = 0
ϕB = -1/18δ/b

uC = 1/6δ
vC = 0
ϕC = 0

uD = 1/6δ
vD = 0
ϕD = 0

uEED = 0
vEED = 0
ϕE = -1/18δ/b
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uF = 1/6δ
vF = 0
ϕF = 0

uG = 1/6δ
vG = 0
ϕG = 0

uH = 1/6δ
vH = 0
ϕH = 0

SPOSTAMENTI RIGIDI DELLE ASTE

uAAB = 0
vAAB = 0
ϕAAB = -1/18δ/b

uBBC = 1/6δ
vBBC = 0
ϕBBC = 0

uCCD = 1/6δ
vCCD = 0
ϕCCD = 0

uDDE = 1/6δ
vDDE = 0
ϕDDE = -1/18δ/b

uBBF = 1/6δ
vBBF = 0
ϕBBF = 0

uFFG = 1/6δ
vFFG = 0
ϕFFG = 0

uGGH = 1/6δ
vGGH = 0
ϕGGH = 0

uHHD = 1/6δ
vHHD = 0
ϕHHD = 0
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PROGRAMMAZIONE LINEARE
Sia Hij la matrice del simplesso, con m righe e n colonne.
Siano Pj le variabili primali di riga e Di le variabili duali di colonna, con 1≤j<n, 1≤i<m.
Siano a riga m i coefficienti della funzione obiettivo primale max Σj Hmj Pj, 1≤j<n.
Siano a colonna n i coefficienti della funzione obiettivo duale min Σi Hin Di, 1≤i<m.
Sequenza di operazioni pivotali:
1 Sia q  (1≤q<n) la colonna pivot con massimo valore Hmj in riga m.
2 Sia p  (1≤p<m) la riga pivot di colonna q, a coefficiente negativo Hiq, che minimizza il rapporto Hin/Hiq.
3 Si ottiene il coefficiente pivotale Hpq.
4 Si scambia la variabile primale Pq con la duale Dp.
5 Si ridefinisce il coefficiente pivotale Hpq=1/Hpq.
6 Si ridefiniscono i coefficienti della colonna pivot q: Hiq = Hpq Hiq, escluso il pivot Hpq.
7 Si ridefiniscono tutti i coefficienti della matrice, esclusa la riga p e la colonna q: Hij = Hij - Hiq Hpj.
8 Si ridefiniscono i coefficienti della riga pivot p: Hpj = - Hpq Hpj, escluso il pivot Hpq.
Si ripete il ciclo 1-8 sino a quando la funzione obiettivo di riga m ha solo coefficienti non-positivi.
Giunti a questo punto, si individua la soluzione.
Si hanno gli elementi non nulli del vettore soluzione primale, con segno cambiato, sulla colonna n dei
termini noti, in corrispondenza delle variabili Pj presenti sulla colonna di sinistra.
Si hanno gli elementi non nulli del vettore soluzione duale, con segno cambiato, sulla riga m
della funzione obiettivo, in corrispondenza delle variabili Di presenti sulla colonna superiore.

Programmazione lineare m=6,n=4
P1 P2 P3 MIN

D1 H11 H12 H13 H14≥
D2 H21 H22 H23 H24≥
D3 H31 H32 H33 H34≥
D4 H41 H42 H43 H44≥
D5 H51 H52 H53 H54≥
MAX H61 H62 H63 H64=
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SOLUZIONE DEL SIMPLESSO  X=WAB Y=WBA Z=WBC T=WCD S=WDE R=WFG

Tableau con variabili non vincolate in segno
X Y Z T S R αbF Fb

WAB- 1 0 0 0 0 0 0 -2≥
WAB+ 1 0 0 0 0 0 0 2≤
WBA- 0 1 0 0 0 0 0 -2≥
WBA+ 0 1 0 0 0 0 0 2≤
WBC- 0 0 1 0 0 0 0 -3/2≥
WBC+ 0 0 1 0 0 0 0 3/2≤
WCD- 0 0 0 1 0 0 0 -3/2≥
WCD+ 0 0 0 1 0 0 0 3/2≤
WDC- 0 0 1 -2 0 0 -12 -3/2≥
WDC+ 0 0 1 -2 0 0 -12 3/2≤
WDE- 0 0 0 0 1 0 0 -2≥
WDE+ 0 0 0 0 1 0 0 2≤
WED- -1 -1 0 0 -1 0 9 -2≥
WED+ -1 -1 0 0 -1 0 9 2≤
WBF- 0 -1 -1 0 0 0 0 -2≥
WBF+ 0 -1 -1 0 0 0 0 2≤
WFG- 0 0 0 0 0 1 0 -3/2≥
WFG+ 0 0 0 0 0 1 0 3/2≤
WGH- 0 1/2 1 -1 1/2 1 -7 -3/2≥
WGH+ 0 1/2 1 -1 1/2 1 -7 3/2≤
WHG- 0 -1 -2 2 -1 -1 6 -3/2≥
WHG+ 0 -1 -2 2 -1 -1 6 3/2≤
WDH- 0 0 -1 2 -1 0 12 -2≥
WDH+ 0 0 -1 2 -1 0 12 2≤
Max 0 0 0 0 0 0 1 0=
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Tableau con variabili non vincolate in segno
X Y Z T S R αbF Fb

WAB- 1 0 0 0 0 0 0 -2≥
WAB+ -1 0 0 0 0 0 0 -2≥
WBA- 0 1 0 0 0 0 0 -2≥
WBA+ 0 -1 0 0 0 0 0 -2≥
WBC- 0 0 1 0 0 0 0 -3/2≥
WBC+ 0 0 -1 0 0 0 0 -3/2≥
WCD- 0 0 0 1 0 0 0 -3/2≥
WCD+ 0 0 0 -1 0 0 0 -3/2≥
WDC- 0 0 1 -2 0 0 -12 -3/2≥
WDC+ 0 0 -1 2 0 0 12 -3/2≥
WDE- 0 0 0 0 1 0 0 -2≥
WDE+ 0 0 0 0 -1 0 0 -2≥
WED- -1 -1 0 0 -1 0 9 -2≥
WED+ 1 1 0 0 1 0 -9 -2≥
WBF- 0 -1 -1 0 0 0 0 -2≥
WBF+ 0 1 1 0 0 0 0 -2≥
WFG- 0 0 0 0 0 1 0 -3/2≥
WFG+ 0 0 0 0 0 -1 0 -3/2≥
WGH- 0 1/2 1 -1 1/2 1 -7 -3/2≥
WGH+ 0 -1/2 -1 1 -1/2 -1 7 -3/2≥
WHG- 0 -1 -2 2 -1 -1 6 -3/2≥
WHG+ 0 1 2 -2 1 1 -6 -3/2≥
WDH- 0 0 -1 2 -1 0 12 -2≥
WDH+ 0 0 1 -2 1 0 -12 -2≥
Max 0 0 0 0 0 0 1 0=
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Tableau con variabili vincolate in segno
X+ Y+ Z+ T+ S+ R+ X- Y- Z- T- S- R- αbF Fb

WAB- 1 0 0 0 0 0 -1 0 0 0 0 0 0 -2≥
WAB+ -1 0 0 0 0 0 1 0 0 0 0 0 0 -2≤
WBA- 0 1 0 0 0 0 0 -1 0 0 0 0 0 -2≥
WBA+ 0 -1 0 0 0 0 0 1 0 0 0 0 0 -2≤
WBC- 0 0 1 0 0 0 0 0 -1 0 0 0 0 -3/2≥
WBC+ 0 0 -1 0 0 0 0 0 1 0 0 0 0 -3/2≤
WCD- 0 0 0 1 0 0 0 0 0 -1 0 0 0 -3/2≥
WCD+ 0 0 0 -1 0 0 0 0 0 1 0 0 0 -3/2≤
WDC- 0 0 1 -2 0 0 0 0 -1 2 0 0 -12 -3/2≥
WDC+ 0 0 -1 2 0 0 0 0 1 -2 0 0 12 -3/2≤
WDE- 0 0 0 0 1 0 0 0 0 0 -1 0 0 -2≥
WDE+ 0 0 0 0 -1 0 0 0 0 0 1 0 0 -2≤
WED- -1 -1 0 0 -1 0 1 1 0 0 1 0 9 -2≥
WED+ 1 1 0 0 1 0 -1 -1 0 0 -1 0 -9 -2≤
WBF- 0 -1 -1 0 0 0 0 1 1 0 0 0 0 -2≥
WBF+ 0 1 1 0 0 0 0 -1 -1 0 0 0 0 -2≤
WFG- 0 0 0 0 0 1 0 0 0 0 0 -1 0 -3/2≥
WFG+ 0 0 0 0 0 -1 0 0 0 0 0 1 0 -3/2≤
WGH- 0 1/2 1 -1 1/2 1 0 -1/2 -1 1 -1/2 -1 -7 -3/2≥
WGH+ 0 -1/2 -1 1 -1/2 -1 0 1/2 1 -1 1/2 1 7 -3/2≤
WHG- 0 -1 -2 2 -1 -1 0 1 2 -2 1 1 6 -3/2≥
WHG+ 0 1 2 -2 1 1 0 -1 -2 2 -1 -1 -6 -3/2≤
WDH- 0 0 -1 2 -1 0 0 0 1 -2 1 0 12 -2≥
WDH+ 0 0 1 -2 1 0 0 0 -1 2 -1 0 -12 -2≤
Max 0 0 0 0 0 0 0 0 0 0 0 0 1 0=
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Tableau a variabili negative su X- e limitate
X Y Z T S R αbF X- Fb

ϕAB- 1 0 0 0 0 0 0 -1 -2≥
ϕAB+ -1 0 0 0 0 0 0 1 -2≥
ϕBA- 0 1 0 0 0 0 0 -1 -2≥
ϕBA+ 0 -1 0 0 0 0 0 1 -2≥
ϕBC- 0 0 1 0 0 0 0 -1 -3/2≥
ϕBC+ 0 0 -1 0 0 0 0 1 -3/2≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
ϕDC- 0 0 1 -2 0 0 -12 1 -3/2≥
ϕDC+ 0 0 -1 2 0 0 12 -1 -3/2≥
ϕDE- 0 0 0 0 1 0 0 -1 -2≥
ϕDE+ 0 0 0 0 -1 0 0 1 -2≥
ϕED- -1 -1 0 0 -1 0 9 3 -2≥
ϕED+ 1 1 0 0 1 0 -9 -3 -2≥
ϕBF- 0 -1 -1 0 0 0 0 2 -2≥
ϕBF+ 0 1 1 0 0 0 0 -2 -2≥
ϕFG- 0 0 0 0 0 1 0 -1 -3/2≥
ϕFG+ 0 0 0 0 0 -1 0 1 -3/2≥
ϕGH- 0 1/2 1 -1 1/2 1 -7 -2 -3/2≥
ϕGH+ 0 -1/2 -1 1 -1/2 -1 7 2 -3/2≥
ϕHG- 0 -1 -2 2 -1 -1 6 3 -3/2≥
ϕHG+ 0 1 2 -2 1 1 -6 -3 -3/2≥
ϕDH- 0 0 -1 2 -1 0 12 0 -2≥
ϕDH+ 0 0 1 -2 1 0 -12 0 -2≥
LX 0 0 0 0 0 0 0 -1 -2≥
Max 0 0 0 0 0 0 1 0 0=
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Scambio pivotale 9-7
X Y Z T S R ϕDC- X- Fb

ϕAB- 1 0 0 0 0 0 0 -1 -2≥
ϕAB+ -1 0 0 0 0 0 0 1 -2≥
ϕBA- 0 1 0 0 0 0 0 -1 -2≥
ϕBA+ 0 -1 0 0 0 0 0 1 -2≥
ϕBC- 0 0 1 0 0 0 0 -1 -3/2≥
ϕBC+ 0 0 -1 0 0 0 0 1 -3/2≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
αbF 0 0 1/12 -1/6 0 0 -1/12 1/12 -1/8≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 0 0 0 1 0 0 -1 -2≥
ϕDE+ 0 0 0 0 -1 0 0 1 -2≥
ϕED- -1 -1 3/4 -3/2 -1 0 -3/4 15/4 -25/8≥
ϕED+ 1 1 -3/4 3/2 1 0 3/4 -15/4 -7/8≥
ϕBF- 0 -1 -1 0 0 0 0 2 -2≥
ϕBF+ 0 1 1 0 0 0 0 -2 -2≥
ϕFG- 0 0 0 0 0 1 0 -1 -3/2≥
ϕFG+ 0 0 0 0 0 -1 0 1 -3/2≥
ϕGH- 0 1/2 5/12 1/6 1/2 1 7/12 -31/12 -5/8≥
ϕGH+ 0 -1/2 -5/12 -1/6 -1/2 -1 -7/12 31/12 -19/8≥
ϕHG- 0 -1 -3/2 1 -1 -1 -1/2 7/2 -9/4≥
ϕHG+ 0 1 3/2 -1 1 1 1/2 -7/2 -3/4≥
ϕDH- 0 0 0 0 -1 0 -1 1 -7/2≥
ϕDH+ 0 0 0 0 1 0 1 -1 -1/2≥
LX 0 0 0 0 0 0 0 -1 -2≥
Max 0 0 1/12 -1/6 0 0 -1/12 1/12 -1/8=



AL4.010PROCEDIMENTO E RISULTATI Nome:

@ Adolfo Zavelani Rossi, Politecnico di Milano, vers.11.05.11 08.06.11

Scambio pivotale 14-3
X Y ϕED+ T S R ϕDC- X- Fb

ϕAB- 1 0 0 0 0 0 0 -1 -2≥
ϕAB+ -1 0 0 0 0 0 0 1 -2≥
ϕBA- 0 1 0 0 0 0 0 -1 -2≥
ϕBA+ 0 -1 0 0 0 0 0 1 -2≥
ϕBC- 4/3 4/3 -4/3 2 4/3 0 1 -6 -8/3≥
ϕBC+ -4/3 -4/3 4/3 -2 -4/3 0 -1 6 -1/3≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
αbF 1/9 1/9 -1/9 0 1/9 0 0 -1/3 -2/9≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 0 0 0 1 0 0 -1 -2≥
ϕDE+ 0 0 0 0 -1 0 0 1 -2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z 4/3 4/3 -4/3 2 4/3 0 1 -5 -7/6≥
ϕBF- -4/3 -7/3 4/3 -2 -4/3 0 -1 7 -5/6≥
ϕBF+ 4/3 7/3 -4/3 2 4/3 0 1 -7 -19/6≥
ϕFG- 0 0 0 0 0 1 0 -1 -3/2≥
ϕFG+ 0 0 0 0 0 -1 0 1 -3/2≥
ϕGH- 5/9 19/18 -5/9 1 19/18 1 1 -14/3 -10/9≥
ϕGH+ -5/9 -19/18 5/9 -1 -19/18 -1 -1 14/3 -17/9≥
ϕHG- -2 -3 2 -2 -3 -1 -2 11 -1/2≥
ϕHG+ 2 3 -2 2 3 1 2 -11 -5/2≥
ϕDH- 0 0 0 0 -1 0 -1 1 -7/2≥
ϕDH+ 0 0 0 0 1 0 1 -1 -1/2≥
LX 0 0 0 0 0 0 0 -1 -2≥
Max 1/9 1/9 -1/9 0 1/9 0 0 -1/3 -2/9=
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Scambio pivotale 6-1
ϕBC+ Y ϕED+ T S R ϕDC- X- Fb

ϕAB- -3/4 -1 1 -3/2 -1 0 -3/4 7/2 -9/4≥
ϕAB+ 3/4 1 -1 3/2 1 0 3/4 -7/2 -7/4≥
ϕBA- 0 1 0 0 0 0 0 -1 -2≥
ϕBA+ 0 -1 0 0 0 0 0 1 -2≥
ϕBC- -1 0 0 0 0 0 0 0 -3≥
X -3/4 -1 1 -3/2 -1 0 -3/4 9/2 -1/4≥
ϕCD- 0 0 0 1 0 0 0 -1 -3/2≥
ϕCD+ 0 0 0 -1 0 0 0 1 -3/2≥
αbF -1/12 0 0 -1/6 0 0 -1/12 1/6 -1/4≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 0 0 0 1 0 0 -1 -2≥
ϕDE+ 0 0 0 0 -1 0 0 1 -2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z -1 0 0 0 0 0 0 1 -3/2≥
ϕBF- 1 -1 0 0 0 0 0 1 -1/2≥
ϕBF+ -1 1 0 0 0 0 0 -1 -7/2≥
ϕFG- 0 0 0 0 0 1 0 -1 -3/2≥
ϕFG+ 0 0 0 0 0 -1 0 1 -3/2≥
ϕGH- -5/12 1/2 0 1/6 1/2 1 7/12 -13/6 -5/4≥
ϕGH+ 5/12 -1/2 0 -1/6 -1/2 -1 -7/12 13/6 -7/4≥
ϕHG- 3/2 -1 0 1 -1 -1 -1/2 2 0≥
ϕHG+ -3/2 1 0 -1 1 1 1/2 -2 -3≥
ϕDH- 0 0 0 0 -1 0 -1 1 -7/2≥
ϕDH+ 0 0 0 0 1 0 1 -1 -1/2≥
LX 0 0 0 0 0 0 0 -1 -2≥
Max -1/12 0 0 -1/6 0 0 -1/12 1/6 -1/4=
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Scambio pivotale 2-8
ϕBC+ Y ϕED+ T S R ϕDC- ϕAB+ Fb

ϕAB- 0 0 0 0 0 0 0 -1 -4≥
X- 3/14 2/7 -2/7 3/7 2/7 0 3/14 -2/7 -1/2≥
ϕBA- -3/14 5/7 2/7 -3/7 -2/7 0 -3/14 2/7 -3/2≥
ϕBA+ 3/14 -5/7 -2/7 3/7 2/7 0 3/14 -2/7 -5/2≥
ϕBC- -1 0 0 0 0 0 0 0 -3≥
X 3/14 2/7 -2/7 3/7 2/7 0 3/14 -9/7 -5/2≥
ϕCD- -3/14 -2/7 2/7 4/7 -2/7 0 -3/14 2/7 -1≥
ϕCD+ 3/14 2/7 -2/7 -4/7 2/7 0 3/14 -2/7 -2≥
αbF -1/21 1/21 -1/21 -2/21 1/21 0 -1/21 -1/21 -1/3≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- -3/14 -2/7 2/7 -3/7 5/7 0 -3/14 2/7 -3/2≥
ϕDE+ 3/14 2/7 -2/7 3/7 -5/7 0 3/14 -2/7 -5/2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z -11/14 2/7 -2/7 3/7 2/7 0 3/14 -2/7 -2≥
ϕBF- 17/14 -5/7 -2/7 3/7 2/7 0 3/14 -2/7 -1≥
ϕBF+ -17/14 5/7 2/7 -3/7 -2/7 0 -3/14 2/7 -3≥
ϕFG- -3/14 -2/7 2/7 -3/7 -2/7 1 -3/14 2/7 -1≥
ϕFG+ 3/14 2/7 -2/7 3/7 2/7 -1 3/14 -2/7 -2≥
ϕGH- -37/42 -5/42 13/21 -16/21 -5/42 1 5/42 13/21 -1/6≥
ϕGH+ 37/42 5/42 -13/21 16/21 5/42 -1 -5/42 -13/21 -17/6≥
ϕHG- 27/14 -3/7 -4/7 13/7 -3/7 -1 -1/14 -4/7 -1≥
ϕHG+ -27/14 3/7 4/7 -13/7 3/7 1 1/14 4/7 -2≥
ϕDH- 3/14 2/7 -2/7 3/7 -5/7 0 -11/14 -2/7 -4≥
ϕDH+ -3/14 -2/7 2/7 -3/7 5/7 0 11/14 2/7 0≥
LX -3/14 -2/7 2/7 -3/7 -2/7 0 -3/14 2/7 -3/2≥
Max -1/21 1/21 -1/21 -2/21 1/21 0 -1/21 -1/21 -1/3=
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Scambio pivotale 24-2
ϕBC+ ϕDH+ ϕED+ T S R ϕDC- ϕAB+ Fb

ϕAB- 0 0 0 0 0 0 0 -1 -4≥
X- 0 -1 0 0 1 0 1 0 -1/2≥
ϕBA- -3/4 -5/2 1 -3/2 3/2 0 7/4 1 -3/2≥
ϕBA+ 3/4 5/2 -1 3/2 -3/2 0 -7/4 -1 -5/2≥
ϕBC- -1 0 0 0 0 0 0 0 -3≥
X 0 -1 0 0 1 0 1 -1 -5/2≥
ϕCD- 0 1 0 1 -1 0 -1 0 -1≥
ϕCD+ 0 -1 0 -1 1 0 1 0 -2≥
αbF -1/12 -1/6 0 -1/6 1/6 0 1/12 0 -1/3≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 1 0 0 0 0 -1 0 -3/2≥
ϕDE+ 0 -1 0 0 0 0 1 0 -5/2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z -1 -1 0 0 1 0 1 0 -2≥
ϕBF- 7/4 5/2 -1 3/2 -3/2 0 -7/4 -1 -1≥
ϕBF+ -7/4 -5/2 1 -3/2 3/2 0 7/4 1 -3≥
ϕFG- 0 1 0 0 -1 1 -1 0 -1≥
ϕFG+ 0 -1 0 0 1 -1 1 0 -2≥
ϕGH- -19/24 5/12 1/2 -7/12 -5/12 1 -5/24 1/2 -1/6≥
ϕGH+ 19/24 -5/12 -1/2 7/12 5/12 -1 5/24 -1/2 -17/6≥
ϕHG- 9/4 3/2 -1 5/2 -3/2 -1 -5/4 -1 -1≥
ϕHG+ -9/4 -3/2 1 -5/2 3/2 1 5/4 1 -2≥
ϕDH- 0 -1 0 0 0 0 0 0 -4≥
Y -3/4 -7/2 1 -3/2 5/2 0 11/4 1 0≥
LX 0 1 0 0 -1 0 -1 0 -3/2≥
Max -1/12 -1/6 0 -1/6 1/6 0 1/12 0 -1/3=
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Scambio pivotale 19-5
ϕBC+ ϕDH+ ϕED+ T ϕGH- R ϕDC- ϕAB+ Fb

ϕAB- 0 0 0 0 0 0 0 -1 -4≥
X- -19/10 0 6/5 -7/5 -12/5 12/5 1/2 6/5 -9/10≥
ϕBA- -18/5 -1 14/5 -18/5 -18/5 18/5 1 14/5 -21/10≥
ϕBA+ 18/5 1 -14/5 18/5 18/5 -18/5 -1 -14/5 -19/10≥
ϕBC- -1 0 0 0 0 0 0 0 -3≥
X -19/10 0 6/5 -7/5 -12/5 12/5 1/2 1/5 -29/10≥
ϕCD- 19/10 0 -6/5 12/5 12/5 -12/5 -1/2 -6/5 -3/5≥
ϕCD+ -19/10 0 6/5 -12/5 -12/5 12/5 1/2 6/5 -12/5≥
αbF -2/5 0 1/5 -2/5 -2/5 2/5 0 1/5 -2/5≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 1 0 0 0 0 -1 0 -3/2≥
ϕDE+ 0 -1 0 0 0 0 1 0 -5/2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z -29/10 0 6/5 -7/5 -12/5 12/5 1/2 6/5 -12/5≥
ϕBF- 23/5 1 -14/5 18/5 18/5 -18/5 -1 -14/5 -2/5≥
ϕBF+ -23/5 -1 14/5 -18/5 -18/5 18/5 1 14/5 -18/5≥
ϕFG- 19/10 0 -6/5 7/5 12/5 -7/5 -1/2 -6/5 -3/5≥
ϕFG+ -19/10 0 6/5 -7/5 -12/5 7/5 1/2 6/5 -12/5≥
S -19/10 1 6/5 -7/5 -12/5 12/5 -1/2 6/5 -2/5≥
ϕGH+ 0 0 0 0 -1 0 0 0 -3≥
ϕHG- 51/10 0 -14/5 23/5 18/5 -23/5 -1/2 -14/5 -2/5≥
ϕHG+ -51/10 0 14/5 -23/5 -18/5 23/5 1/2 14/5 -13/5≥
ϕDH- 0 -1 0 0 0 0 0 0 -4≥
Y -11/2 -1 4 -5 -6 6 3/2 4 -1≥
LX 19/10 0 -6/5 7/5 12/5 -12/5 -1/2 -6/5 -11/10≥
Max -2/5 0 1/5 -2/5 -2/5 2/5 0 1/5 -2/5=
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Scambio pivotale 21-6
ϕBC+ ϕDH+ ϕED+ T ϕGH- ϕHG- ϕDC- ϕAB+ Fb

ϕAB- 0 0 0 0 0 0 0 -1 -4≥
X- 35/46 0 -6/23 1 -12/23 -12/23 11/46 -6/23 -51/46≥
ϕBA- 9/23 -1 14/23 0 -18/23 -18/23 14/23 14/23 -111/46≥
ϕBA+ -9/23 1 -14/23 0 18/23 18/23 -14/23 -14/23 -73/46≥
ϕBC- -1 0 0 0 0 0 0 0 -3≥
X 35/46 0 -6/23 1 -12/23 -12/23 11/46 -29/23 -143/46≥
ϕCD- -35/46 0 6/23 0 12/23 12/23 -11/46 6/23 -9/23≥
ϕCD+ 35/46 0 -6/23 0 -12/23 -12/23 11/46 -6/23 -60/23≥
αbF 1/23 0 -1/23 0 -2/23 -2/23 -1/23 -1/23 -10/23≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 1 0 0 0 0 -1 0 -3/2≥
ϕDE+ 0 -1 0 0 0 0 1 0 -5/2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z -11/46 0 -6/23 1 -12/23 -12/23 11/46 -6/23 -60/23≥
ϕBF- 14/23 1 -14/23 0 18/23 18/23 -14/23 -14/23 -2/23≥
ϕBF+ -14/23 -1 14/23 0 -18/23 -18/23 14/23 14/23 -90/23≥
ϕFG- 8/23 0 -8/23 0 30/23 7/23 -8/23 -8/23 -11/23≥
ϕFG+ -8/23 0 8/23 0 -30/23 -7/23 8/23 8/23 -58/23≥
S 35/46 1 -6/23 1 -12/23 -12/23 -35/46 -6/23 -14/23≥
ϕGH+ 0 0 0 0 -1 0 0 0 -3≥
R 51/46 0 -14/23 1 18/23 -5/23 -5/46 -14/23 -2/23≥
ϕHG+ 0 0 0 0 0 -1 0 0 -3≥
ϕDH- 0 -1 0 0 0 0 0 0 -4≥
Y 53/46 -1 8/23 1 -30/23 -30/23 39/46 8/23 -35/23≥
LX -35/46 0 6/23 -1 12/23 12/23 -11/46 6/23 -41/46≥
Max 1/23 0 -1/23 0 -2/23 -2/23 -1/23 -1/23 -10/23=
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Scambio pivotale 7-1
ϕCD- ϕDH+ ϕED+ T ϕGH- ϕHG- ϕDC- ϕAB+ Fb

ϕAB- 0 0 0 0 0 0 0 -1 -4≥
X- -1 0 0 1 0 0 0 0 -3/2≥
ϕBA- -18/35 -1 26/35 0 -18/35 -18/35 17/35 26/35 -183/70≥
ϕBA+ 18/35 1 -26/35 0 18/35 18/35 -17/35 -26/35 -97/70≥
ϕBC- 46/35 0 -12/35 0 -24/35 -24/35 11/35 -12/35 -87/35≥
X -1 0 0 1 0 0 0 -1 -7/2≥
ϕBC+ -46/35 0 12/35 0 24/35 24/35 -11/35 12/35 -18/35≥
ϕCD+ -1 0 0 0 0 0 0 0 -3≥
αbF -2/35 0 -1/35 0 -2/35 -2/35 -2/35 -1/35 -16/35≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 1 0 0 0 0 -1 0 -3/2≥
ϕDE+ 0 -1 0 0 0 0 1 0 -5/2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z 11/35 0 -12/35 1 -24/35 -24/35 11/35 -12/35 -87/35≥
ϕBF- -4/5 1 -2/5 0 6/5 6/5 -4/5 -2/5 -2/5≥
ϕBF+ 4/5 -1 2/5 0 -6/5 -6/5 4/5 2/5 -18/5≥
ϕFG- -16/35 0 -8/35 0 54/35 19/35 -16/35 -8/35 -23/35≥
ϕFG+ 16/35 0 8/35 0 -54/35 -19/35 16/35 8/35 -82/35≥
S -1 1 0 1 0 0 -1 0 -1≥
ϕGH+ 0 0 0 0 -1 0 0 0 -3≥
R -51/35 0 -8/35 1 54/35 19/35 -16/35 -8/35 -23/35≥
ϕHG+ 0 0 0 0 0 -1 0 0 -3≥
ϕDH- 0 -1 0 0 0 0 0 0 -4≥
Y -53/35 -1 26/35 1 -18/35 -18/35 17/35 26/35 -74/35≥
LX 1 0 0 -1 0 0 0 0 -1/2≥
Max -2/35 0 -1/35 0 -2/35 -2/35 -2/35 -1/35 -16/35=
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Tableau finale
ϕCD- ϕDH+ ϕED+ T ϕGH- ϕHG- ϕDC- ϕAB+ Fb

ϕAB- 0 0 0 0 0 0 0 -1 -4≥
X- -1 0 0 1 0 0 0 0 -3/2≥
ϕBA- -18/35 -1 26/35 0 -18/35 -18/35 17/35 26/35 -183/70≥
ϕBA+ 18/35 1 -26/35 0 18/35 18/35 -17/35 -26/35 -97/70≥
ϕBC- 46/35 0 -12/35 0 -24/35 -24/35 11/35 -12/35 -87/35≥
X -1 0 0 1 0 0 0 -1 -7/2≥
ϕBC+ -46/35 0 12/35 0 24/35 24/35 -11/35 12/35 -18/35≥
ϕCD+ -1 0 0 0 0 0 0 0 -3≥
αbF -2/35 0 -1/35 0 -2/35 -2/35 -2/35 -1/35 -16/35≥
ϕDC+ 0 0 0 0 0 0 -1 0 -3≥
ϕDE- 0 1 0 0 0 0 -1 0 -3/2≥
ϕDE+ 0 -1 0 0 0 0 1 0 -5/2≥
ϕED- 0 0 -1 0 0 0 0 0 -4≥
Z 11/35 0 -12/35 1 -24/35 -24/35 11/35 -12/35 -87/35≥
ϕBF- -4/5 1 -2/5 0 6/5 6/5 -4/5 -2/5 -2/5≥
ϕBF+ 4/5 -1 2/5 0 -6/5 -6/5 4/5 2/5 -18/5≥
ϕFG- -16/35 0 -8/35 0 54/35 19/35 -16/35 -8/35 -23/35≥
ϕFG+ 16/35 0 8/35 0 -54/35 -19/35 16/35 8/35 -82/35≥
S -1 1 0 1 0 0 -1 0 -1≥
ϕGH+ 0 0 0 0 -1 0 0 0 -3≥
R -51/35 0 -8/35 1 54/35 19/35 -16/35 -8/35 -23/35≥
ϕHG+ 0 0 0 0 0 -1 0 0 -3≥
ϕDH- 0 -1 0 0 0 0 0 0 -4≥
Y -53/35 -1 26/35 1 -18/35 -18/35 17/35 26/35 -74/35≥
LX 1 0 0 -1 0 0 0 0 -1/2≥
Max -2/35 0 -1/35 0 -2/35 -2/35 -2/35 -1/35 -16/35=
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Vettori soluzione della programmazione lineare
X Y Z T S R αbF X- Fb

ϕAB- 0 0 0 0 0 0 0 0 0≥
ϕAB+ 0 0 0 0 0 0 0 0 1/35≥
ϕBA- 0 0 0 0 0 0 0 0 0≥
ϕBA+ 0 0 0 0 0 0 0 0 0≥
ϕBC- 0 0 0 0 0 0 0 0 0≥
ϕBC+ 0 0 0 0 0 0 0 0 0≥
ϕCD- 0 0 0 0 0 0 0 0 2/35≥
ϕCD+ 0 0 0 0 0 0 0 0 0≥
ϕDC- 0 0 0 0 0 0 0 0 2/35≥
ϕDC+ 0 0 0 0 0 0 0 0 0≥
ϕDE- 0 0 0 0 0 0 0 0 0≥
ϕDE+ 0 0 0 0 0 0 0 0 0≥
ϕED- 0 0 0 0 0 0 0 0 0≥
ϕED+ 0 0 0 0 0 0 0 0 1/35≥
ϕBF- 0 0 0 0 0 0 0 0 0≥
ϕBF+ 0 0 0 0 0 0 0 0 0≥
ϕFG- 0 0 0 0 0 0 0 0 0≥
ϕFG+ 0 0 0 0 0 0 0 0 0≥
ϕGH- 0 0 0 0 0 0 0 0 2/35≥
ϕGH+ 0 0 0 0 0 0 0 0 0≥
ϕHG- 0 0 0 0 0 0 0 0 2/35≥
ϕHG+ 0 0 0 0 0 0 0 0 0≥
ϕDH- 0 0 0 0 0 0 0 0 0≥
ϕDH+ 0 0 0 0 0 0 0 0 0≥
LX 0 0 0 0 0 0 0 0 0≥
Max 7/2 74/35 87/35 0 1 23/35 16/35 3/2 -16/35=

Variabili soluzione dedotto il valore X-
X Y Z T S R
2 43/70 69/70 -3/2 -1/2 -59/70
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Variabili soluzione differenza tra rotazioni

ϕAB 1/35
ϕBA 0
ϕBC 0
ϕCD -2/35
ϕDC -2/35
ϕDE 0
ϕED 1/35
ϕBF 0
ϕFG 0
ϕGH -2/35
ϕHG -2/35
ϕDH 0

REAZIONI Fattore di collasso = 16/35
HA = -61/70F
VA = 11/7F
WA = 2Fb
HE = -1/2F
VE = 3F
WE = 2Fb

HAB = -61/70F
VAB = 11/7F
WAB = 2Fb
HBA = 61/70F
VBA = -11/7F
WBA = 43/70Fb

HBC = -2/3F
VBC = 87/70F
WBC = 69/70Fb
HCB = 2/3F
VCB = -87/70F
WCB = 3/2Fb

HCD = -2/3F
VCD = -3/2F
WCD = -3/2Fb
HDC = 2/3F
VDC = 3/2F
WDC = -3/2Fb

HDE = 1/2F
VDE = -3F
WDE = -1/2Fb
HED = -1/2F
VED = 3F
WED = 2Fb

HBF = 53/210F
VBF = 23/70F
WBF = -8/5Fb
HFB = -53/210F
VFB = -23/70F
WFB = 59/70Fb

HFG = 7/6F
VFG = 23/70F
WFG = -59/70Fb
HGF = -7/6F
VGF = -23/70F
WGF = 3/2Fb

HGH = 7/6F
VGH = -3/2F
WGH = -3/2Fb
HHG = -7/6F
VHG = 3/2F
WHG = -3/2Fb

HHD = 7/6F
VHD = -3/2F
WHD = 3/2Fb
HDH = -7/6F
VDH = 3/2F
WDH = 2Fb

SPOSTAMENTI NODALI

uAAB = 0
vAAB = 0
ϕAAB = -1/35δ/b

uB = 3/35δ
vB = 0
ϕB = -1/35δ/b

uCCB = 3/35δ
vCCB = -2/35δ
ϕCCB = -1/35δ/b

uD = 3/35δ
vD = 0
ϕD = 1/35δ/b

uEED = 0
vEED = 0
ϕE = -1/35δ/b
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uF = 6/35δ
vF = 0
ϕF = -1/35δ/b

uGGF = 6/35δ
vGGF = -2/35δ
ϕGGF = -1/35δ/b

uHHG = 6/35δ
vHHG = 0
ϕHHD = 1/35δ/b

SPOSTAMENTI RIGIDI DELLE ASTE

uAAB = 0
vAAB = 0
ϕAAB = -1/35δ/b

uBBC = 3/35δ
vBBC = 0
ϕBBC = -1/35δ/b

uCCD = 3/35δ
vCCD = -2/35δ
ϕCCD = 1/35δ/b

uDDE = 3/35δ
vDDE = 0
ϕDDE = -1/35δ/b

uBBF = 3/35δ
vBBF = 0
ϕBBF = -1/35δ/b

uFFG = 6/35δ
vFFG = 0
ϕFFG = -1/35δ/b

uGGH = 6/35δ
vGGH = -2/35δ
ϕGGH = 1/35δ/b

uHHD = 6/35δ
vHHD = 0
ϕHHD = -1/35δ/b
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