[> restart

Y non-strongly non-singular matrix, 2x2, 1 marked
element

1 +T, ,-10" -3333.107°
> P:= ’ :
-3.107" 99-107°

> Dt := LinearAlgebra:-Determinant(P);
99 " 99 T1, 1

Dt :=-
10000 1000

> §:= indets(Dt)

i S:= {TM}
> solve(Dt);
%>0and % <1
1
10
true

1 +T, ,-10% -3333.107°
> P:= ’ :
-3-107! 99-1072

> Dt := LinearAlgebra:-Determinant(P);
99 9T,

Dt :=- +
i 10000 10000
> §:= indets(Dt)
i S={T 1}
> solve(Dt);
%>0and % <1
1
true

non-strongly non-singular matrix, 2x2, 3 marked
element

(1.1)

(1.2)

(1.3)

(1.4)

(1.5)

(1.6)



1 -3333-107-1, ,-107°
> P:= ’
-3:107'-T, 1107 99:107°+ T, ,-107°

=> Dt = LinearAlgebra:-Determinant(P);
99 1 3333 3 1

Dt :=- + T, . — T, ——— T T.
10000 '~ 100 22 100000 2! 10000 -2 100000 Loy

B S:= [indets(Dt)[ 1]

(2.1)

=1, Tp v I,»] (2.2)

> exists(S, And(Dt =0, seq([i>0,i<1][ ], i=5)))
99 1 3333 3
(T, Ty, T, - - Ly— 000 b
([ Lz e B2k " 70000 T 100 227 100000 1217 T0000 112
o1
100000

(2.3)

SBJABJSI)

[ > QuantifierEliminatior.- QuantifierEliminate(%);
true (2.4)

>

StronglyMNonSingular := proc(A)
local Dt, S, slv, condidtion, st, 1, res;
Dt := LinearAlgebra -DeterminantA);
[indets(Dti[]];
if nops(S) = O then
res = Dt=0;
elif nopsis) = 1 then
slv 1= solwvelDt);
g res = slv »>= 0 and slv == 1;
10 else
11 condidtion := exists(S, And(Dt = 0, seq([0 <=1, 7 <= 1][
12 st o= timel )
13 res = Quant1f1erE11m1nat1nn Quaﬂt1f1erE11m1naticnnd1dt

14 userinfo(l, procname, "Time of QuantifierEliminate: |, t1
15 end if;

& ratnrmn nat Proes

[ Y R C A N Y

L]

;> infolevel[ StronglyNonSingular] = 1:
>




Y non-strongly non-singular matrix, 2x2, 1 marked
element

1 +7T, ,-10"" -3333-107°
> P:: ’

-3.10°t 99-1072

B StronglyNonSingular (P);
false (3.1)

1 +T, ,-10° -3333-10"°

-3.107" 99-107°

[ > StronglyNonSingular (P);

false (3.2)

¥ strongly non-singular matrix, 2x2

14-107°+ T, -107° -78-107'-T, ,-107"
> P:: ’ ’
995410+ T, 1-107° 46-10°+ T, ,-107

> StronglyNonSingular (P);
StronglyNonSingular: Time of QuantifierEliminate: 19.349
true (4.1)

¥ strongly non-singular matrix, 5x5, 1 marked element

> LinearAIgebm:—Rai_qdomMatrix( 5, 5, generator = (ra_nd(—999..999))) :
140 -782 250 -913 -324

995 46 701 901 -573
804 -306 -375 984 257 (5.1)
764 -881 238 -185 -297
203 689 -194 -618 -48

[ > LinearAlgebra:-RandomMatrix( 5, 5, generator = (rand(1..2))) :




11121
22212
22112 (5.2)
12121
22221
1447, 107" -782.1070 25 -913-1072 -324-107" |
995-10"2 46-107>  701-10% 901-107' -573-1072
> P:==| 80410 -306-107° -375-10"' 984.10°% 257-10°!
-764-10° -881-107% 238:107% -185-10% -297-107°
-203-107°  689-107° -194-10° -618-107° -48-10"
B StronglyNonSingular(P) _
i true (5.3)
Y strongly non-singular matrix, 5x5, 2 marked
elements
B P
=[[14+ T, ;-107", -782:107, 25, -913-107%, -324-107"}
[995-107%,46-107%, 701-107%,901-10 7", -573-107°),
[804-107% -306:107* — T; ,-107%, -375-10"",984-107%, 257-107",
[-764-107% -881-107%,238-107%, -185-107%, -297-107°},
| [-203:107%,689:107%, -194-107% -618-107%, -48-10""]]:
> StronglyNonSingular (P)
StronglyNonSingular: Time of QuantifierEliminate: .273
i true (6.1)

¥ strongly non-singular matrix, 5x5, 3 marked

elements

> P=[[14+T ,-107, -782:107", 25, -913-10"% -324-107"}
[995-107%,46-107%,701:107%,901-10 " + T, 4-107", -573-107°],
[804:107%, -306:10* — T; ,-107% -375-107!,984-107%,257-10""],




[-764:107%, -881-107%,238-107%, -185-107%, -297-107%],
| [-203:107%,689:107%, -194-107% -618-107%, -48-107"]]:
[ > StronglyNonSingular ( P)

StronglyNonSingular: Time of QuantifierEliminate: 7.612
true (7.1)

Y strongly non-singular matrix, 5x5, 4 marked
elements

(> p=[[144 T, ,-107, -782:107, 25, -913-10°2 -324-107'),
995-107%46:107%,701-107%,901-10"' + T, 4-107", -573-107%],
804-107% -306:10° — T; ,-107%, -375-107',984-107% 257-10""],
-764:107%, -881-107%,238-107%, -185-107%, -297-107%,
-203-107%,689-10°%, -194-10 ° — T; 5-10°%, -618:107% -48-10"']]:

> StronglyNonSingular ( P)
StronglyNonSingular: Time of QuantifierEliminate: 697.698
true (8.1)

Y non-strongly non-singular matrix, 5x5, 1 marked

element
14 -782-100 25 -2798-10°2 -1399-107" |
995-10°  46-10%  701-107° 831072 415-107%
> P:=| 804-107° -306-107% -375-10"! 2739-107% 13695-10°

-764-107% -881-107% 238-107° -126-10"'-T, ;107" -6305-107°

_—203-10‘2 689-107> -194-1072 -138-10°! -69

> StronglyNonSingular (P)
false (9.1)

Y non-strongly non-singular matrix, 5x5, 2 marked



element

> P
=[[14+ T, ;-107", -782:107, 25, -2798-107%, -1399-107"],
[995-107%,46-107%, 701-107%, 83-107%, 415-10"°],
[804:107% -306-107%, -375-107",2739-107%, 1369510 7],
[-764-107% -881-107%,238:107%, -126:10"'- T, ,-107", -6305-10"°],
| [-203:107%,689:107%, -194-107% -138-10", -69]]:
| >
> StronglyNonSingular (P)
StronglyNonSingular: Time of QuantifierEliminate: .416
i false (10.1)

¥ non-strongly non-singular matrix, 5x5, 3 marked
element

(> p=[[14+T, ,-107, -782:107, 25, -2798-10°72, -1399-107"],
[995-107%,46-107%, 701-107%, 83-107%, 415-10"°],

[804:10°7%, -306-10"*- T; ,-107% -375-10"},2739-10"%, 136951077,
[-764-107% -881-107%,238:107%, -126:10"'- T, ,-107", -6305-10"°],
[-203-107% 689-107% -194:107%, -138-10"", -69]]:

>

> StronglyNonSingular ( P)
StronglyNonSingular: Time of QuantifierEliminate: .373
false (11.1)

Y non-strongly non-singular matrix, 5x5, 4 marked
element

(> p=[[14+ T, ,-107, -782:107, 25, - 27981072, -1399-10""
[995-107%,46-107%, 701-107%, 83-107%, 415-10"°],

[804-107%, -306:107>- T; ,-107% -375-107},2739-107%, 13695-10 7%,
[-764-107% -881-107%,238:107%, -126:10""- T, ,-107", -6305-10"°],
[-203-107%,689-107% -194:107° — T; 4-107%, -138-107", -69]]:

| >
> StronglyNonSingular (P)
StronglyNonSingular: Time of QuantifierEliminate: .440




U_ false (12.1)

Y non-strongly non-singular matrix, 5x5, 5 marked
element

> P=[[14+ T, ,-107', -782-107}, 25, - 2798-107%, -1399-10""],
995-107%,46:107% 701-10°%, 83-10"%, 41510 ° + T, 5-107%,

804-107% -306-107*-T; ,-107%, -375-10"",2739-107%, 13695-10 7%}
-764-107%, -881-107%,238-107%, -126:10"'- T, ,-107}, -6305-10"%],
-203-107%,689-107%, -194-10° — T 4,-107% -138:107", -69]]:

B
> StronglyNonSingular (P)
StronglyNonSingular: Time of QuantifierEliminate: 15.299

false (13.1)

Y non-strongly non-singular matrix, 5x5, 6 marked
element

> P=[[14+ T, ,-107, -782:107", 25+ T; ;-107", -2798-107% -1399-107"],
995-107%,46:107% 701-10°%, 83-10"%,415-107° + T, 5-107%],

804:107% -306-107*-T; ,-107%, -375-10"",2739-107%, 13695-107%}
-764-107% -881-107%, 238-107%, -126-10"'- T, ,-107", -6305-107°],
-203-107%,689-10°7%, -194-10° — T 4-107% -138:10"", -69]]:

B
> StronglyNonSingular (P)
StronglyNonSingular: Time of QuantifierEliminate: 353.682

false (14.2)

Y non-strongly non-singular matrix, 5x5, 7 marked

element

> p—[[14+ T, 1-107%, -782:107, 25 + T, 5-107", -2798-107%, -1399-107"],
[995-107%,46-107° + T, 5-107%,701-107%,83-107%,415-107° + T, 5-107°],
[804-107% -306:107-T; ,-107%, -375-107",2739-107%, 13695-107%}




[-764-107%, -881-107%,238:107%, -126-10 '- T, ,-10"", -6305-107°},
i [-203-107%,689-107% -194:107° — T; 4-107%, -138-107", -69]]:
[ > StronglyNonSingular ( P)

StronglyNonSingular: Time of QuantifierEliminate: 7415.417
false (15.1)
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BlockTriangular := proc(P)
Jocal &, 71, w, m, k, k1, 1, 11, blocks;

A

copy(PJ;

blocks :=[LinearAlgebra:-Dimensions(A)] ;

.

blocks[Z]; w = O;

blocks :=[blocks[1]+1l..bTlocks[1]+1l,blocks[2]+1..blocks[2]+1], b
for m from blocks[-1][1] by -1 to 1 while k <= U do

ko= 05 71 = 03
for 1 fromm by -1 to 1 do
kl := nops(select( =", convert{LinearAlgebra:-Row(A, 1)

if k < k1 then
ko= kl; 11 := 1:
end if;
end do;
if O < 71 then
if 11 < m then
A := <LinearAlgebra-Row(A, [1 .. 11 -1, m, 71 + 1
end if;
for 11 from 1 by -1 to 1 while A[m, 11] <> O do end do;
for 1 from 11 - 1 by -1 to 1 do
if Alm, 1] < O then

A = <Al .. -1, 1 ..1-17 | A[L .. -1, 1+ 1
71 := 11 - 1;
end if;
end do;
end if;
W o= w + 1;
1 1= k;

if 1 = blocks[-1][Z] then
blocks := [op(l, blocks[1][1])-1.. op(l, blocks[l][1]]J-
elif T = blocks[-1][Z] and 1 == blocks[-1][1] - w then
blocks := [blocks[-1][1]-w+l .. op(l, blocks[1][1])-1,
end if;

end do;
if k =0 and op(l, blocks[1][1]) = 1 then

[ B | - - 1 F4 71 F4 A1 % - - ~ A [ B | 1 F4 [ rF



¥ sparse strongly non-singular matrix, 5x5

> P=[[14+ T, ,-107,0,25+ T, 5-107, -913-107°- T, ,-107%,0],

[995-107% + T, -107%,46:10° + T, ,-107%,701-10° + T, 5-107%,901-10""
+ T, 4107, -573:107- T, 5-107%],

[804-10%+ T; -107%,0,0,984-10° + T; ,-107% 0],

[-764-107°- T, ,-107%,0,0, -185-107%- T, ,-107%,0],

[-203:107- T5 ;-107%,689-10° + T; ,-107%, -194-10° - T; 5-107%, -618
107%- T; 4-107%, -48-107'- T; 5-107']]:

[ > StronglyNonSingular (P) ;
StronglyNonSingular: Time of QuantifierEliminate: 2394.840

i true (16.1)
> st:= time( ) :
B, w:= BlockTriangular (P);
time( ) — St
BW_:H689 1 241 . 97 1 203
P 100 100 >?2 5 10 > 50 100 >% 100
1 309 1
- T, -2 - — T
100 >Y 50 100 >4/
23 1 573 1 701 1 199 1
+ —— - — T, -, + T, ., +—T, .,
[50 100 22 100 100 %> 100 100 %% 20 100 21
901 . 1
T.
10 10 24]
1 1 913 1
0025 14+ =T ,, -= T, 4|,
+10 L3 270 L1 T 700 T 100 1'4}
201 1 246 1
R M T,
OOO 25 +1oo 31" o5 +100 }
191 1 37 1
0,0,0, == =T, -2 —— 1,1 [[1.2,1..2],[3..3,3..3], [4
_ 25 100 "+ 20 100 “H L b1 b1

.5,4.51]
i 0.027 (16.2)

> StronglyNonSingular (B)

StronglyNonSingular: Time of QuantifierEliminate: 2248.785

true (16.3)
> StronglyNonSingular(B[w[1][ 1])

StronglyNonSingular: Time of QuantifierEliminate: 17.759

true (16.4)




> StronglyNonSingular(B[w[3][ 11) ;
StronglyNonSingular: Time of QuantifierEliminate: 27.199
true (16.5)



