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PRACTICAL-1

Plotting of Legendre polynomial for n=1to 5 in the interval [0,1].Verifying
graphically that all the roots of P(x) lie in the interval[0,1].

n=1;

Subscript [P, n)[x_] = Sum[(= 1)* r « (2 #n =2 % r)! «
XAM=2wr)l2*neriin=r)I(n=2%r)1), {r, ®, (n=1)12))

sl = Plot[Subscript [P, 1](x], {x, ©, 1}, PlotStyle —+ {Gray, Thick}, Frame - True, Mesh = 12,
MeshStyle - Directive[PointSize[Large], Blue], PlotLegends - "Expressions "]
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NRoots [Subscript [P, n][x], x]

X == 0,

ns= 2;

Subscript [P, n][x_] := Sum[
I,'-J.]-“rw{znn-ltr}lt:"‘[n-ztr’ii:!"nnr!ln-rll{n-—2tr]|], {ry 0, (n) 1 2))



s2 = Plot[Subscript [P, 2][x], {x, ©, 1}, PlotStyle -+ {Red, Thick}, Frame - True, Mesh -+ 12,
MeshStyle - Directive[PointSize[Large], Purple], PlotLegends - "Expressions "]
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NRoots[Subscript [P, n][x], x]
X ==-0,57735 || x == 8.57735

n=3;

Subscript [P, n][x_] = Sum[(- 1)A r « (2« n =2 = r) ! =
XAN-2+r)/22n+rln-r)l{n-2=xr)), {r, 8, (n- 1)1/ 2})

s3 = Plot[Subscript [P, 3][x], {x, &, 1}, PlotStyle -+ {Blue, Thick}, Frame -+ True, Mesh + 12,
MeshStyle - Directive[PointSize[Large], Yellow], PlotLegends - "Expressions "]
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NRoots [Subscript [P, n][x], x]
X == —@.7?4597 ” X == » " X == @.77459?
n=4;

Subscript [P, n][x_] :=
Sumf(- 1)A" r+« (2 «n-2*r)l«x?*n-2*r)f(2*n«rl{in-r)!{n=-2%r)!), {r, 8, ni 2})]



s4 = Plot[Subscript[P, 4][x], {x, @, 1}, PlotStyle - {Brown, Thick}, Frame - True, Mesh -» 12,
MeshStyle - Directive[PointSize[Large], Green], PlotLegends - "Expressions "]
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NRoots[Subscript [P, n][x], x]
X == ~0,861136 || x == -0,339981 || x == 0,339981 || x == 0.861136

n=5;
Subscript [P, n][x_] t= Sum[(= L) A r « (2« n =2+ r) | «
XAN=-2+r)/(22nxrl(n=-r)lin-2=xr)), {ry, 8, (n - 1)1/ 2})

s5 = Plot[Subscript [P, 5](x], {x, ©, 1},

PlotStyle - {Purple, Thick}, Frame - True, Mesh =+ 12,

MeshStyle - Directive[PointSize[Large], Pink], PlotLegends - "Expressions "]
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NRoots [Subscript [P, n][x], x]
X == ~0,90618 || % == ~0.53B8469 || x == 0, || x == 0.538469 || x == 0.90618



showl{sl, 53, 51

P
10}
|




PRACTICAL-2

point.

Automatic computation of coefficients in the series solution near ordinary

ClearAll ;

0 = 1
1

Alx_] = 2 x;

B[x_] = 3;

Clix_] = - 1;

P[x_] = B[x] / A[x];
QIx_] = Ci[x] I A[x];

de = A[x] x yv "'"[x] + B[x] x y "[x] + C1[x] x y[x] == O}
Print[de];

If[A[x0] == B,
Print["The point x0 = ", x0,
" is a singular point of the Differential Equation "];
Print["Proceed with a Frobenius solution ."];
Print["The point x@ = ", x@,
"is NOT a singular point of the Differential Equation "];
Print["y''[x]+f1l[x] y'[x]+f2[x] y[x]=0"];
Print["P[x]=B[x)/A[x]= ", Together [B[x] / A[x]], " =", Series[P[x], {x, x0, 3}1;
Print["Q[x]=C1l[x)/A[x] = " Together [Cl[x] / A[x]], " = ", Series[Q[x], {x, x0, 3)];
If[Subscript [x, 0] == O,
Print|
"\"y[x]=\!\(\*UnderoverscriptBox [\(Z\), \(n = @\), \(e\)]\)\!\(\#SubscriptBox
\(n\)IN) \\(\«TemplateBox [{\"x\", \"n\"},\"Superscript \"]\),etc.\""]];
If[Subscript [x, @] > O,
Print["\"y[x]=\!\(\+UnderoverscriptBox [\(Z\), \(e=\), \(n =
O\ (\+SubscriptBox [\(al), \(n\}N\) (x=-\"", x@, ")*n,etc."]];
If[Subscript [x, 0] < @, Print["\"y[x]=\!\(\+*UnderoverscriptBox [\(Z\), \le\),
\(n = @\)JV)\I\(\*SubscriptBox [\(a\), \(n\)]\) (x+\"", - x0, ")"n,etc."]];]

Clear[c, k, n, r, s, X];

\a\),




c= 0;
Remove[c]}
ns=9;

s[x_] = Expand[(Sum[Subscript [c, k] » (x - x0)* k, {k, 0, n}] + o[x]*(n + 1))];
coeff = Table[Subscript [c, k], {k, 1, n}];(«Print[" s[x] = "s[x]];
Print["s'[x]=",s'[x]]; 5 Print["s''[x]="s''[x]]; Print["Substitute it into "];
Print["2 x y''[x]+3 y'[x]-y[x]==0"]; Print["to get"];«)

degn = Expand[2xs '"'[x] + 3s '[x] - s[x]] == 0} (*Print[deqgn];+)

eqns = LogicalExpand [deqn];
(«»for coefft comparison of like powers of x on both sidesw)
Print[TableForm[ReplaceAll [eqns, And =+ List]]];
(vReplaces all "&&" and shifts every new expression to the next linew)
solution = Solve[eqns, coeff];

Print[TableForm [Sort[Solution [[1]]]]];
(*sort is used to sort the list 1in dincreasing order co,



cl,c2 and so on and tableform is used to display
the list of coeffts in a column one below the others)
s[x_] = ReplaceAll[s[x], solution[[1]]]:
(#will replace all the coeffts in s(x) with ther actual valuex)
Print["y = ", Normal([s([x]], " +..."]:
s, [x_] = ReplaceAll([s[x], g5 = 1];
sl[x_] = Normal[s, [x]]/
Print["y;[x] = ", sl[x], " +..."]:
Plot([sl[x], {x, 0, 2 }]

~ylx] +3y'[x] +2xy"[x] =0
The point X3 = 1 is NOT a singular point of the DE
y' U] x]yt [x]oE [x]y[x]=0

B[x] 3 3 3(x-1) 13 3

P[x]= 2 — 2 me— = (x-1)%- — (x-1)3+0O[x-1]"
Alx] 2x 2 2 2 2
Cl[x] 1 1 x-1 1

1
-—(x-1)%+—(x-1)*+0[x-1]*
Alx] 2% 2 2 2 2

y[x]:Zan{x~1}“, etc.
0

n=

-Cs+6Ccg-21cy+56cy+7B (ce-Tcyr+28Bceg-84cs) -126cy =0

~c3+4cy~10cs +20cg~-35cr+56cg+36 (Cy~5cs+15cg-35c1+T0cg~126cg) -84 cg =10
~-cy+Bcyg+136 (cg-9¢cs) -36cg =10

~C1+2¢C;-3c3+4cy-5cs+6cg-Tcy+Bep+10 (cz-3c3+6cy-10c5+15¢cg-21cy+28¢cyg-36cy) -
-cg+180ceg =0

~Cg+C] ~Cp+C3-Cy+C5-Cg+Cy~Cp+Co+3 (C1~2cCa2+3Cy~-4cy+5Ccs5-6Ccg+Tcr-8eg+9cyg) =0
~cg+ 77 -28cyg +8B4d g+ 105 (c7-Beg+36cy) =0
—Cg+3C3—6C4+10C5—15C5+21Cj—2BC$+3EC9+21 [C3—4C4+10C5—20C5+35C‘1‘-56Ca+54C§] =
-4 +50cs-15cg+35¢c7-T0cp+126cg+55 (cs-Becg+21cy-56cy+126cg) =0

96 20%476 345449 o
325091 511 083 548
2278 942 627 930 cp
81272877 TTOEET
105245233 905 oy
E1272877770887
2EEE 363 184 oy
E1272877 770887
102 807 998 ca
162 545755541774
652 386 o
E1L2T2ZE77 770 887
6165 g
E1272877 770887
45 ¢y

E1272877 770887
Co

325091 511 083 548

5399729244000 c, 1799909748000xc, 179990974800 x* cq

= + + +

7388443433717 7388443433717 7388443433717
8570998800 x*c; 238083300x"cy 47 ELB 660 x° ¢y 610470 %% o

+ +

+
7388443433717 7388443433717 B81272877770887 81272877770887
5814 x" cp 171 x® cg %% gy

-

*
81272877770887 3250915110B3548 325091511083 548

+

LT




(%] 5399729244000 1799909748000x 179990974800 x*
Yilx] = + + "
7388443433717 7388443433717 7388443433717

8570998 800 %’ 238083300 x* 47 616 €60 x° 610470 x°

+ + +

7388443433717 7388443433717 B81272877770887 B81272877770887

5814 x7 171 x* x?
+ + L)

81272877770887 325091511083548 325091511083 548




PRACTICAL-3

Plotting of the Bessel's function of first kind of order 0 to 3.

Subscript [J, n][x] =

Sum[({((- 1)* r){{x / 2)*{2 r + n))) | (Factorial [r] = Factorial [n + r]), {r, @, =}];
Series[Bessell [0, x], {x, 0, 18}]

x?  x* x® x? xi*

1-— 4 — - + - +0x)*
4 64 2304 147456 14745600

ab = Plot[Evaluate [Bessell[®, x], {x, 0, 10}], PlotStyle = {Green, Thick}]

10f
0.8
UE:
0.4f

0.2

4 6 8 10
-0.2

-0.4

Series|[Bessell [1, x], {x, 0, 10)}]

1 5

X X X x' x?

—_——— g — -

*
2 16 384 18432 1474560

+ opx™

al = Plot[Evaluate[Bessell[1, x], {x, 0, 10}], PlotStyle - {Blue, Thick}]
0.6

0.2

-0.2




Series|[Bessell [2, x], {x, 0, 18))

w2 x4 X% % %10 "
—_—— - + + 0O[x]
8 96 3072 184320 17694720

a2 = Plot[Evaluate[Bessell[2, x], {x, 0, 10)], PlotStyle = {Pink, Thick}]

0.2}

Series[Bessell [3, x], {x, 0, 10}

3 T

X 'S X x? 4
—_——— + O[x]

48 T68 30720 2211840

a3 = Plot[Evaluate [Bessell[3, x], {x, 0, 10}], PlotStyle - {Purple, Thick}]

0.4

0.2




Practical 4

The Differential equation is as follows :

2xy' ' [x]+3y"' [x] -y[x] = 0.

x5 =0;

Plx ] =2x;
Qx_]1=3;
R[x ] =-1;
QIx]
Plx]
R[x]

£, [x_]

£a[x_]

Plx]

de = P[x] y''[x] +Q[x] y'[x] +R[x] y[x] = 0;

Print[de];

If[P[xﬂ] =0,
Print["P[x]= ", P[x]]:
Print["P[", x5, "]1=", P[xs]];
Print["The point x; = ", X3, " is a singular point of the DE"];
Print["Proceed with a Frobenius solution."];,
Print["The point x; = ", X3, " is NOT a singular point of the DE"];
Print["y'' [x]+£f; [x]y' [x]+f2[x]y[x]=0"];

. Qlx] Q[x] .
Px::.nt["fl[x]= =N, Togathar[ ], " = ", Series[f;[x], {x, %o, 3}]];
P[x] P[x]
R[x] R[x]
Px:int["fg[x]= = Ny Togathar:[ ], " = ", Beries[f,[x], {x, x4, 3}]];
P[x] P[x]

If[xn =0, Print["y[x] =ia“x“, etc. n] ] ;

n=0

If[xu >0, Print["y[x]: a, (x-", x5, "), atc."”;

n=0

If[xg <0, Print["y[x]:i&n(xﬂ', =%, "), etc*"]] .']:

n=0
Q[x]
¢ [x_] =x i
P[x]
R[x]
$2[x_] = x* i
P[x]
Po = Limit[x il P X xn];
P[x]
R
qo = I.:'.m.i.‘i:[::2 U ;X = xg];

P[x]
Clear(r];
iegqn=r (r-1) +pgr+qp=0;
Print("P[x] = ", P[x]]:
Print["Q[x] = ", Q[x]];
Print["R[x] = ", R[x]];

Print["tﬁl [x] = x QIZ] | u 2 ],-

= ; X
P[x] P[x]



2 | frobeneous_complete.nb

‘ ‘ Q[x]
Prlnt["pg = lim x = ", pu.].'
X~+Xg P[x]
R R
Print["d,[x] = x° ol N [x]}:
P[x] P[x]
R
Print["qg = lim x? Sl = ", qo:]:
x40 P[x]

Print["The indicial equation is : r(r-1)+pyr+qy=0"];
Print[iegn];

ieqgn = MapAll [Expand, ieqn];
Print[ieqn];

Print["The indicial equation is "];
Print([ieqgn];

Print["The roots are "];

solution = Solve[ieqn, r];

r, = solution([[2, 1, 2]]:

r, = solutien([1, 1, 2]]:

Print("z, = ", r,];

Print(["r; = ", r3];

Clear([c, k, n, r, 8, x];

c=0; Remove[c];

r=0;

n=9;

s[x_] = Expand[xr

ick xk] +x'0[x]“+1];

k=0

coeff = Table[c,, {k, 1, n}];

Print([" s[x] = ", 8[x]];

Print([" s'([x] = ", s'[x]];

Print[" s''[x] = ", s''[x]];
Print["Substitute it into "];

Print["2 x y''[x]+3 y'[x]-y[x] == 0"];
Print[" to get "];

degn = Expand([2xs8''[x] +3s8'[x] -s8[x] ] == 0;
Print[degn];

egns = LogicalExpand([deqn] ;

Print[degn];
Print[TableForm[ReplaceAll[egns, And - List]]]:
solution = Solve[egns, coeff];
Print[TableForm[Sort[solution[[1]]]11];
s[x_] = ReplaceAdll[s[x], solution[[1]]];
Print["y = ", s[x]];

Print["y = ", Normal[s[x]], " +..."];
s;[x_] = ReplaceAll[s([x], cq = 1];
Print["£,[x] = ", s, [x]];

Print["£,[x] = ", Normal[s;[x]], " +..."];
Clear(c, k, n, &, 8, x];

c=0; Remove[c];



s(x_] = Expand[xr ch x"] +x* O[x] “"1] :
k=0

coeff = Table[cg,, {k, 1, n}];
Print[" s[x] = ", s[x]];
Print[" s'[x] = ", s8"'"[x]];
Print[" s''[x] = ", s''[x]];
Print["Substitute it into "];
Print["2 x s8''[x]+3 8'[x]-8[x] == 0"];
Print[" to get "];
deqgn = Expand[2xs''[x] +3s8'[x] -8[x] ] == 0;
Print[deqgn] ;
eqns = LogicalExpand[deqn] ;
Print[degn];
Print[TableForm[ReplaceAll [egqns, And -+ List]]];
solution = Sclve[egns, coeff];
Print[TableForm[Sort[solution[[1]]]]]:
s[x_] = ReplaceAll [s[x], solution[[1]]];
Print["y = ", s[x]];
Print("y = ", Normal[s[x]], " +..."];

1
o, x7, (", Normal[— x"a[x]] S T ."] :

S
sy [x_] = ReplaceAll[s([x], cg = 1];
Print(["£f,[x] = ", s3[x]];
Print(["£f,[x] = ", Normal[s,[=x]], " +..."]:
s, [x_] = ReplaceAll[s,[x], c, »+ 0];
Print["£f,[x] = ", s,[x]];
Print["£f,[x] = ", Normal[s,[x]], " +..."]:

Print ["y

Print["£f,[x] = ", x*, "(", Normal [x " s,[x]], " +...)"];

sl[x_] = Normal[s,[x]]:

Plot[sl[x], {x, 0, 2 m}]

Print(["sl[x] = ", sl[x]]:

s2[x_] = Normal[s;[x]];

Plot[s2[x], {x, 0, 27}, PlotRange - {{0, m}, {1, 5}}]
Print(["s2[x] = ", 82[x]];

~y[x] +3y' [x] +2xy"'[®] =0

P(x]= 2x

P[0]=0

The point % = 0 is a singular peint of the DE

Proceed with a Frobenius solution.

Plx] = 2x
Q=] = 3
R[(x] = -1
Qlx] 3
¢ [x] = x S
P[x] 2

frobeneous_complete.nb | 3
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Q[x] 3
Pa = lim x= i
x  px] 2
R[x X
¢2(x] = % N o
P[] 2
X
qo = lim x? I ]=
¥ P[x]

The indicial equation is : r(r-1)+por+gp=0

3r
— 4+ {=l4r) =
2

xr
—-+r=:=0
2

The indicial equation is

r
—+r= =0

The roots are

X1 = 0
1
o —
2
s[X] = co+c1x+Ce ¥+ vt tesx rce R+ +oex? rcax?+O[x]Y0

8'[X] = Ci+2cCox+3cy3x +dcsx +5cy RV + 6 R + T +8 g +9cex*+0[x)*?
S''[x] = 2co+BeCax+12e, %  +20cs x* +30cgx' + 42, x° + 56y ¥+ 72" +0O[x)®
Substitute it into

2 x y"'[x]+3 y'[x]-y[xX] == 0

to get

(-cg+3cy) +# (-oy+10e,) %+ (-cy+21cy) %%+ (-c3+36cy) #¥+ (-cy +55cs) x' +

(-Cy+ 78 Ce) %%+ (~Cg+105¢y) X%+ (-7 +136cg) ¥  + (-Ce+171cg) x®*+0[x]% =0

{~cp+3ci) +{~c1+10C) X+ {~ca+21cy) %+ (~c3+36cy) 23+ (~cqy+55cs) x* #
(-cs+78cCe) %+ (~Cg+105C9) X5+ (-c7+136ce) X"+ [~cg+17lag) x*+0[x]%* =0

-Cp + 3(‘.‘1 ==
-c;+10¢c; =
-C2 + 21 Cy =
-C3+ 36 Cq =
-Cq+ 55 Cy =
-Cs+ 718 Cg =
-cg+105¢cy == 0
-Cc7+136¢Cg =
-Cg + 171 Cg == 0

i i
oo o oo

(=]

£
3
Cp

o

C1 =
C2 =

S
gl ——
37 &
Cn
22 680
Cy
1247 400
Co
a7 287 200
So
10 216 206 000
(=%
1382404016000
=5
237588086 736 000

4

Ca

Cs =
Cg =
Cr =
Ca =

Cg =
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Cy X CU KZ CQ x3 CU Xq Cp xE‘
Y = Cg+ + + +* o+ +
3 30 630 22 680 1247400
Co XG Co Xj Co XB Co Xg
+ + + +0O[x]t®
97297200 10216206000 1389404016000 237588086 736000
X Cp XZ Co X3 Cp X‘l Co X5 Cp
¥ = Co+ + + + + +
3 30 630 22 680 1247400
x5 og ®' cp %8 oy %7 cp
+ + + +ann
97297200 10216206000 1389404016000 2375880B6736000
% x° ®* =t %x° %5
fi[x] = 1+—=+—+ + + + +
3 30 630 22680 1247400 97297200
%! %P x?
' . +0[x]"
10216206000 1382404016000 237588086736 000
®  x2 ®x? xt %7
fi[x] = 1+ —+ —+ + + +
3 30 630 22680 1247400
e x’ x? x?
+ + + Fininsn
972587200 10216206000 1389404016000 23758808B6736000
Co
s[x] = +c1‘\f;+c2 x”2+c3 x5"2+c4 :-(”2+c5 x932+c5 wll/2 + C9 :(13“f2+0[x]15"2
®
s [X] =
Co c1 3czyYx ] 7 9 1l 13
- + -+ =03 x4 =gy % g T — g u¥ Ty — o x4 O[x]12
2x32 o.fx 2 2 2 2 2 2
g't[x] =
3oy C1 3cs 15csvx 35 63 a9 143
- + + +— gkt — oy — gy c:-;xg“r2+0[x]1”2
4 %52 4 x32 4+ x 4 4 4 4 4
Substitute it into
2 x 8" [®]+3 8" [x]-8[x] == 0
to get

-Cg + Cq

Vx

(-ca+45cs) 2% + (-cs +660g) X%+ {-ce+91lcy) x4+ 0[x]2 =0

+(-C1+6C) VE +{-ca+15¢c3) xV 2 ¥ (o3 +28¢4) x4

=-Co+C1
——— +(-c1+6cz) V® + (-c2+15¢c3) w2, (-cz+ 28 cy) §E g

b4
(—Cq+45Cs) 27724 (—Cs+66Cs) X224 (—gg+91cy) ¥210[x]11¥2 =0
-cg+cy =10
-cp+6cy; =0
-C2+15¢3 =
-C3+2B8Bcq =

0
0
-Ca+45¢c5 =0
-Cy+660cg =0

0

-~ Qg+ 91 Cq =
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Ty = Cp
Cn
Cg—ﬁ?
(=
‘33—}5
Ca
€1 = Tag
So
€s = 113400
Ca
C6 = Tizaano
Cg
€7 7 el om040n
o 1 1 co X712 cp X972 cp x11/2 oo %1372
¥y = ropVx +—cpx¥i e —opxis + +
x & 90 2520 113400 7484400 681 08B0 400
co 1 1 _ 2, x¥2g, %1172 ¢, PRETEIN
¥y = +yx cp+—x P op+ —x T ep+ + +
N s} 80 2520 113400 7484400 681 080400
1 x?  x? xt ® x’
¥ = Cg (l+x+ —+ — + + + + R
W x 5] 90 2520 113400 7484400 6©B1080400
1 IS Y-S V5 S V- »%/2 w1i72 1372
fa[x] = — +¥=x + + + + +0[x]E?
% 3 a0 2520 113400 7484400 681080400
1 S V- V5 S O %%/2 51172 «13/2
falx] = —— +/x + +o— + Fuwn
% 6 90 2520 113400 7484400 ©81080400
1 x3/2  §5/2 2 x%/2 %1172 51372
folx] = — +x + + — 4 + +0[x]52
% 6 90 2520 113400 7484400 681080400
1 S R 75 B 302 1172 21372
fa[x] = — +yx + + — 4 + +ann
A% 6 90 2520 113400 7484400 681080400
1 x? ¥ b =% = x?
fols] = —({l+x+ —+ — + + + +
W x 6 90 2520 113400 7484400 681080400
4!
3.
21
/
.-"///
L L L - L
1 2 3 4 5 4]
x % x3 x4 x®
sl[x®] = 1+ —+ — + — + + +
2 30 830 22680 1247400
%8 x’ ®?

+

97297200

+ +
10216206000 1389404016000 2375B80B6736000

+ D[XIIE,"E



4L

e

1.5 20 25 30
x3.-‘2 XS-"E K?IE x'!'.-"Z xllIE x].l-.-"z
+ + - + +
6 90 2520 113400 7484400 681080400
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PRACTICAL-5

5(a) : Monte Carlo Area Simulation

For one Variable:

Find the area beneath the curve y = Cos(x) over the interval (- it /2) sx 5 (17 /2).

Clear([n, counter , a, b, f, ¢, d, maxlimit , area, x]



n = Input["Enter the total number of
random points to be generated in the simulation : "];

counter = 8;
a=-Pi/2;
b=Pisl2;
flx_] = Cos[x];
c = Minimize [{f[x], x 2 a & x s b}, x];
d = Maximize [{f[x], x 2 a && x s b}, x];
maxlimit = dl1] + 1
For[i = 1, i £ n, i+, x0 = RandomReal [{a, b}];
y® = RandomReal [{€, maxlimit }];
Ifly® < f[x0], counter ++];];
area = maxlimit * (b - a) » counter / n;
Plot[{f[x], maxlimit}, {x, a, b}, Filling - Bottom, PlotLegends - "Expressions"]
Print["the number of points under the curve is : ", counter ];
Print[

"The area of the region simulated by Monte Carlo area algoithm 1is : ", N[area]];

15

— f(x)

— maxlimit

R 1SS ek i A i e . -
=15 -1.0 -0.5 0.5 10 15

the number of points under the curve is : 229

The area of the region simulated by Monte Carlo area algoithm 1is : 1.88085

For more than Variable:

Use Monte Carlo Simulation to calculate the area trapped between the two
curves

y=x"2andy=6-x.




Clear[n, counter , a, b, f, ¢, d, maxlimit , area, x];
n = Input["Enter the total number of
random points to be generated 1in the simulation : "];

counter = 0;
flx_] = x * 23
Blx_] = 6 - x;
solution = Solve[f[x] == g[x], x]
a = solution [1, 1, 2I;
b = solution [2, 1, 2];
cl = Minimize [{f[x], x 2 a && x < b}, x];
dl = Maximize [{f[x], x 2 a && x < b}, Xx];
c2 = Minimize [{g[x], x 2 a && x s b}, x];
d2 = Maximize [{g[x], x 2 a && x s b}, x];
minlimit = Min[cll1], c2[1]) - 1;
maxlimit = Max[d1l1], d2[1]] + 1;
For[i = 1, 1 £ n, i++, x0 = RandomReal [{a, b)}];
y® = RandomReal [{(minlimit , maxlimit }];
If[Min[f[x8], g[x0]] < yO && y@ < Max[f[x@], g[x0]], counter ++];];
area = (maxlimit - minlimit ) « (b - a) » counter / n;
Plot[{f[x], g[x], minlimit , maxlimit}, (x, a, b),

Filling - Bottom, PlotLegends - "Expressions "]
Print["The total numer of points under the curve 1is : ", counter ];
Print|

"The area of the region simulated by Monte Carlo area algorithm is : ", N[area]];

{{x =+ -3}, {x = 2)}

— f(x)
— g(x)
' - minlimit
— maxlimit

The total numer of points under the curve is : 151

The area of the region simulated by Monte Carlo area algorithm 1ds : 20.7625

5(b) : Monte Carlo Volume Simulation

For one Variable:




Find the volume of the sphere :
XA2+Y¥YA2+20251
in the first octant.

Clear[n, counter , a, b, ¢, d, maxLlimit , volume , x, y, z, x0, y@, z0];
n = Input|
"Enter the total number of random points to be generated 1in the simulation "];
counter = 0;
as=1;
b= 1;
flx_, y] = Sqrt[l - x"2 -y A 2];
c = Minimize [{f[x, ¥], x 2 O && x < a && y 2 @ && y =< b}, {x, y};
d = Maximize [{f[x, y], x 2 O && x < a && y 2 O && y < b}, {x, ¥y}
maxlimit = dl1] + 1;
For[i = 1, 1 £ n, i+, x@ = RandomReal [{0, a}];
y0 = RandomReal [{®, b}];
z@ = RandomReal [{@, maxlimit }];
If[z0 » 2 < f[x0, yo]* 2, counter ++];];
volume = maxlimit =« b + a « counter / n;
Plot3D[{f[x, y], maxlimit}, {x, ©, a}, {y, 0, b},
Filling - Bottom, PlotLegends = "Expressions "]
Print["The number of points in the sphere is : ", counter ];
Print["The volume of the sphere in first
octant simulated by Monte Carlo algorithm +is :", N[volume]];

w fx, y)
E maxlimit




The number of points inm the sphere s : 117

The wvolume of the sphere 1in first octant simulated by Monte Carlo algorithm dis :0.531818

Eor more than Variable:
Calculate the volume trapped between the two paraboloids z=8-x*2-y*2 and
Z=xA2+3yA2,

Clear[n, counter , a, b, ¢, d, volume , maxlimit , minlimit , solution, x, y, 2]
n = Input["Enter the total number of
random points to be generated in the simulation :"];
counter = 0;
flx_, Y] =8-x"2-y"2;
Blx_, ¥]1=x"24+3y "2
solution = Solve([f[x, y]== gIx, ¥], {%, ¥}
fl[x] = solution 1, 1, 2];
f2[x] = solution [2, 1, 2I;
solutionl = Solve[fl[x] == f2[x], X]
a = solutionl [1, 1, 2];
b = solutionl [2, 1, 2];
cly = Minimize [{fl[x], x 2 a && x s b}, x];
dly = Maximize [{f1[x], x 2 a && x s b}, x];
c2y = Minimize [{f2[x], x 2 a && x s b}, x];
d2y = Maximize [{f2[x], x 2 a && x < b}, x];
minlimity = Min[clyl1l, c2yl1l];
maxlimity = Max[dly(1], d2yl1l];
cl = Minimize [{flx, y], x 2 a &&
dl = Maximize [{f[x, y], x 2z a &&
c2 = Minimize [{g[x, y], x 2 a &&

s b & y s maxlimity && y z minlimity }, {x, y};
< b &k y £ maxLlimity && y z minlimity }, {(x, y};
< b && y = maxlimity && y = minlimity }, {x, y}3
< b &&k y < maxlimity && y 2 minlimity }, {x, y};

x x x x

d2 = Maximize [{g[x, V], X 2 a &&
minlimit = Min[c1l1], c201]] - 1}
maxlimit = Max[dil1], d201]] + 1;
For[i = 1, 1 s n, i++, x0 = RandomReal [{a, b}];

y®@ = RandomReal [{minlimity , maxLlimity }];

z0 = RandomReal [{minlimit , maxlimit }];

If[Min[f[x®, yO], g[x0, y0]] <« z0 < Max[f[x0, y0O], g[x0, y0@]], counter ++];];
volume = (maxlimit - minlimit ) » (maxlimity - minlimity ) » (b - a) » counter / n;
Plot3D([(f[x, v], glx, yl, minlimit , maxlimit}, {x, a, b},

{y, minlimity , max1limity}), Filling - Bottom, PlotLegends - "Expressions "]

Print["The total number of points under the curve 1is : ", counter |;

Print["The volume of the region simulated by Monte Carlo area algorithm is
N[volume]);




Na-x? 4-x?
.nw{pa-—ig—L{v*—vf‘H

o (X =+ =2}, {x = 2))

wflx.y)
ualx, y)
® minlimit
m maxlimit

The total number of points under the curve is : 111

The volume of the region simulated by Monte Carlo area algorithm 1is : 37.6746



PRACTICAL-6

Programming of single server queue (e.g. Harbor system
algorithm)

Terms used in the algorithm :

betweeni = Time between successive arrival of shipsiandi-1.( Arandom integer varying between 15
and 145 mm )

arrivei = Time from start of clock at t = 0 when ship i arrives at the harbor for unloading .

unloadi = time required to unload ship i at the dock (a random integer varying between 45 and 90 mm. )
starti = Time from start of clock at which ship i commences its unloading .

idlei = time for which dock facilities are idle immediately before commencement of unloading ship.
waiti = time ship i waits in the harbor after arrival before unloading commences.

finishi = time from start of clock at which service for ship i is completed at the unloading facilities .
harbori = total time ship i spends in the harbor.

HARTIME : Average time per ship in the harbor.

MAXHAR : maximum time of a ship in the harbor.

WAITTIME : average waiting time per ship before unloading .

MAX WAIT : maximum waiting time of a ship.

IDLETIME : Percentage of total simulation time unloading facilities are idle.



n = Input["Enter the total number of ships for the the simulation . "];
Array[table , {5, T)}]}

table[l, 1] = "Average time of ship in the harbor .";

table[2, 1] = "Maximum time of ship in the harbor .";

table[3, 1] = "Average waiting time of a ship.";

table[4, 1] = "Maximum waiting time of a ship.";

table[5, 1] = "Percentage of time dock facilities are idle.";
For[j = 1, j s 6, j++, Subscript [between , 1] = RandomInteger [{15, 145)}];
Subscript [unload , 1] = RandomInteger [{45, 90)];

Subscript [arrive , 1) = Subscript [between , 1];

HARTIME = Subscript [unload , 1];

MAXHAR = Subscript [unload , 1];

WAITTIME = 0}

MAXWAIT = 0;

IDLETIME = Subscript [arrive , 1];

Subscript [finish , 1] = Subscript [arrive , 1] + Subscript [unload , 1];
For[i =2, 1 s n, 14+,

Subscript [between , i] = RandomInteger [{15, 145}];

Subscript [unload , i] = RandomInteger [{45, 90)];

Subscript [arrive , i] = Subscript [arrive , i - 1] + Subscript [between , 1i];
timediff = Subscript [arrive , 1] - Subscript [finish , 1 - 1];
If(timediff 2 0, Subscript [idle, i] = timediff ;

Subscript [wait, i] = @,

Subscript [wait, i] = - timediff ;

Subscript [idle, i] = 0];

Subscript [start , i] = Subscript [arrive , i) + Subscript [wait, 1i];
Subscript [finish , 4] = Subscript [start , i] + Subscript [unload , 1i];
Subscript [harbor , 4] = Subscript [wait, 1] + Subscript [unload , 1];
HARTIME += Subscript [harbor , 1]}

If[Subscript [harbor , i] > MAXHAR , MAXHAR = Subscript [harbor , 1]l
WAITTIME += Subscript [wait, i];

IDLETIME += Subscript [idle, i];

If[Subscript [wait, 4] > MAXWAIT , MAXWAIT = Subscript [wait, 1]];);
HARTIME /= n;

WAITTIME /= nj;

IDLETIME /= Subscript [finish , n];

table[l, j + 1] = Round[HARTIME ];

table[2, j + 1] = MAXHAR ;

table[3, j + 1) = Round [WAITTIME ];

table[4, j + 1] = MAXWAIT ;

table[S, j + 1] = N[IDLETIME ];);

TableForm [Array([table , {5, T}]I
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PRACTICAL-7

Solve the following linear programming problem
Minimize x + 2y
Subject to Sx+y=7

X+y226

x23,y24

Minimize[{(x + 2«y, -S5ex+y == TAE x+y 2 26 && x 2 3&& Yy 2 4}, {x, ¥}

293 19 137
Srall (Rt R}
fi{x_, Yyl = x + 2y;
constraints[x_, y ]={-5x+y== 7, x+y 226, x23,yz24);
solution = Minimize [f[{x, y}], constraints [x, y], {x, y}]}
Print["Find the minimum of"]

Print["f[{x,yN=", fli{x, y)l;

Print["Subject to the constraints :"];
Print[TableForm [constraints [x, y]ll;

Print["The solution found by Mathematica dis "];
Print[solution ];

Find the minimum of

fiix,yH=x + 2 y
Subject to the constraints

S X4y T
Xx+y 226
x23

y 24

The solution found by Mathematica is

293 19 137

{(— =y =}}

Solve the following linear programming problem
Maximize 2x +y
Subject to X+ys<6

x+yz21

x20,y20




Maximize[{2+#X+y, X+Y S 6&EX+y 2 1&&x208&&kY 2 0}, {xX, ¥})]
{12, {x » 6, y =+ 8}}

fi{x_, y N =2x+y;

constraints[x_, y ]={x+ys6, x+yzl,x20,yz0)};
solution = Maximize[f[{x, y}], constraints[x, y], {x, y};
Print["Find the maximum of"]

Print["fl{x,y}N=", fl{x, yNl;

Print["Subject to the constraints :"]j
Print[TableForm [constraints [x, y]ll}

Print["The solution found by Mathematica 1is "];
Print[solution ];

Find the maximum of

flix,yll=2x+ y

Subject to the constraints

xX+ys6

X+y2zl

x20

yz @

The solution found by Mathematica is

{12, {(x = 6, y = 0)}



