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ABSTRACT

We developed Micro SAINT éomputation&l networks for numericel ;ntegra;
tion and solving initial value problems for linear and nonlinear f;rstéﬂéud 
second~order ordinary differential equations as well as for systems.of o
differential equatlons, These Micro SAINT computer programs are written
with a user friendly approach where the user will be required to supply the
input information and the functional form(s) of the function(s) in the
"function library" section of Micro SAINT without any changes ia the main
programs.

These computational modules could be used as subnetworks in modeling
psychophysiological and biomedical problems of interest in naval aerospace
medical research., For example, Micro SAINT developed models can be used by
staff medical officers to predict psychophysiological performance of naval
aircrew personnel under sustained operational work schedules.
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1, INTRODUCTION

In a 2-day workshop on Micro SAINT analysis given by S, E. Shamma_én
November 10 and 17, 1988, for staff members of the Naval Aeroépaée Hé¢ic;i A
Research Laboratory, Pensacola, Florida, a question wds raised ahout the
putential of usiug Micro SAINT software [1] for numerical soluytions of
mathematical problems, especially differential equations. In this report,
we answer this question affirmatively,

We developed Micro SAINT networks for numerical integration and solv-
ing initial-value problems for linear and nonlinear first- and second-order
ordinary differential equations as well as for systems of differential
equations, These computational modules are expected to be used as subnet~
works in modeling problems of interest in naval aerospace medical research,

The following sections constitute a detailed theoretical summary and
Micro SAINT programs for:

a. Numerical integration of & function £(x) using Trapezoidal Rule.

b. Numerical integration of a function f(x) using Simpeon's Rule,

c. Compouite Simpson's Rule for double integwals.

d., Composite Simpson's Rule for triple integrals.

e, Euler method for solving a first-order ordinary differential

equation,

f. Modified Euler method for solving a first-order ordinary differen-
tial equation.

gs Runga-Kutta method of order four for solving a4 first-order
ordinary differential equation,

h. Runga-Kutta method of order four for solving a first-order system
of ordinary differential equations,

i, Runga=Kutta method of order four for solving second-order (linear

or noalinear) ordinary differential equations.



The Micro SAINT computér programs are written with a uaei friendiy
approach, The user will supply the input information in specified places
in the program, and the output is stored iﬁ‘the snapshots output files.A The
input information shall be entered in the "function library" section of
Micro SAINT, The initial and end conditions shall be entered in a function
named "initl" (initial). It consists of:

intilx = initial value of the independent variable x,

endx = eud value of the independent variable x,

numircvl = number of subintervals for integration or subdivisions in
the case of diffevential equations; and initial y or imitial u; and u; in
the case of solving a system of differential equations.

The integration function or the functional form(s) of the differential
equation(s) shall be entered in a straightforward way in the "function
library" of Micro SAINT. We will illustrite these procedures by applying
the programs on examples from reference [2]., The mair computer programs
are listed in appendix A. The user may view each main program as a '"black
box" since the input information is entered separately in the '"function
libratry" of Micro SAINT. Some results are presented graphically in appen-
dix B,

2, SUMHARY OF NUMERICAL INTEGRATIwN METHODS ANL INPUT INFORMATION
TO THE "FUNCTION LIBRARY" OF MICRO SAILNT

NUMERICAL INTEGRATION
We considered two methods, Trapezoidal and Simpson's Rules, for comput-
b
ing the int:egt:al‘[:‘1 f(x) dx and a composite Simpson's Rule for double

integrals.,




l. Trapezoidal Rule

1f £€ % [a,b] with h = (b-a)/n and xj=a+ jhfor each

j = 0,1,2,is,n, the trapezoidal rule for u subintervals is:

b n-l
fa f(x) dx = _}21_[ z {f(xj) + f("j+1)} ] + error,
j=0

Error = 0(h?).

The user shall enter the input informetion in the "function
library" of Micro SAINT as follows:

initix = a, endx = b, numintvl = n, and the expression for the

function f, The following example illustrates the case where a = 0, b = 1,

no= 10, and £(x) = 1 + x.

TA .+ Function Library Input for Intgtrpz Program.
FUNCTION  LIBRARY Model Name: intgtrpez
Name ¢ Expression:
f 14x3;
initl numintvl=10;initlx=0;endx=1;

2. Simpson's Rule

1f £ € C*[a,b], with h = (b-a)/n, where n = 2m, n must be an even

integer, with Xy a + jh for each § = 0,1,2,,,,,2m, the Simpson's Rule for

n subintervals is:

b m
fa f(x) dx = _2{ z[f(ij-Z) + 4f(x2j_1) + f(x2j)]} + Error,

J=1
Error = 0(h4).

The use. shall enter the input information in the "function

library" of Micro SAINT as illustrated in the trapezoidal case.



3. Composite Simpson's Rule for Double Integrals

The program "dblinteg" approximates the dcuble integral of a'fuhction
f(x,y) with limits of Integration from a to b for x and from c(x) to d(x)
for y, using a composite Simpson's Rule. To evaluate the integral

x =L y = d(x)

f r £(x,y) dydx,

o
X = a y = z(x)

the user needs to supply the functions £(x,y), c(x), and d(x) as well as the
parameters initlx = a, endx = b, and the number of divisions, numdivx, and
numdivy, along the x and y axes; "numdivx" and "numdivy" must be even
numbers. The approximate value of the integral is stored in the output
snapshot.

As an illustration, cousider the integral

X =1 y = x

f f (xy) dydx.

x =0 y = x2
Here initlx = 0, endx = 1, c(x) = xz, d(x) = x, and f(x,y) = xy. The user
supplies this information as well as numdivx and numdivy in tho "function
library" of Micro SAINT as follows:

TABLE 2., Function Library Input for Dblinteg Program.

FUNCTION  LIBRARY Model Name: dblinteg
Name ¢ Expression:
£ xvy3
initl initlx=0;endx=1;numdivx=10; ;numdivy=10;
funcdofx X3
funccofx x¥*x3

The exact value of the integral is 1/24, and the computed answer is 0,041650,




4. Composite Simpson’s Rule for Tripie Integrals

The pregram “"triplint” approximates the triple 1ntegfa1 2f a
function £(x,y,z) with limits from a to b for x, from c(x) to d(x) for y,
and from a(x,y) to /3 (x,y* for z, To evaluate the jintegral

X =Db y = d(x) z = {x,y)

°/” 0/0 dfp £(x,y,2) dzdydx,

x = a y = c(x) z © Lesy)

the user needs to supply the functions f(x,y,z), c(x), d(x), @Q(x,y),
lg(x,y) as well as the parameters initlx = a, endx = b, and the anumber of

divisions, numdivx, numdivy, and numdivz, along x, y, and z axes,
respectively; "numdivx,” “numdivy,” and "numdivz" must be even numbers.
The approximate valuc of the integral is stored in the output snapshot.

As an illustration, consider the integral

X = 1 y = x z = 2
f f f (xyz) dzdydx,
x =0 y = x2 Z = Xy
Here initix = 0, endx = 1, ci{x) = x2, d(x\ = x, @ (x,y) = xy, B(x,Y) - 2,
and f(x,y,z) = xyz. The user aupplies this information as well as numdivx,

unundivy, and numdivz in the "function iibrary" of Micro SAINT as follows:

TABLE 3. Function Library Input for Triplint Program.

FUNCTION LIBRARY Model Name: triplint

Name Expression:

cx xkx}

dx X3

betaxy 2

alphaxy Xk

fxyz xkykzs

initl infitlx=0;endx=1;numdivx=10;nundivy=10;nundivz=10;

The exact value of the integral is 0.078125, and the computed answer is

0.078578.



3. NUMERICAL SOLUTION OF DIFFEREMTIAL EGUATIONS

a, First-order ordinary differential equation: We consider three

methods, Euler, modified Euler, and Runga-Kuttz of order four for solvingf.

the initial value problom.

%"x‘ - f(x.Y)b .Y(xo) bl yov

l. Euler's method:
The difference equation associated with Euler method is:
Yi =¥g.1 * hE(xg_q,y5.,) + Ervor, for 4 = 1,2,3,..yn, where n = number of

intervals, x; = x, + ih, and Error = 0(h2)\

[}

The user shall enter the input information, initlx, endx, numdivx,
fnitly, and the functional form of £f(x,y) in the "function library" of
Micre SAINT.

The following example illustrates the input informatiou needed for

solving

dy = f(x,y) = =y + x + 1, y(0) = 1, using numdivx = 10,
flx

TABLE 4, Function Librar, Input for Diffel Program.,

FUNCTION  LIBRARY Model Name: diffal
Name: Expression:
£ l=y+x;
initl initlx=0;endx=1;numintvi=10;initly=1;

2. Modified Euler's method:
The modified Euler's method is a predictor-corrector method.

The difference equation associated with the method is:

Yi = Yi-1 +.§ (£(xg_1s ¥gu1) + £{xgoyq.y + BE(x4_1s¥3.1)}] + Evvox,

Error = 0(h2).

i=1,2,,,y0n, where n = number of intervals and %y = x5 + 1he




The user shall enter the input information in the "function library"
of Micro SAINT as shown in Euler's method,

3. Rqug-Kutta method of order four:

Runga=Kutta method of order four is a high eccuracy method,
Errors = O(h“), but it requires more computation par step. The difference

equations associated with the method are:

ky = hE(x3 9y ¥y.1)»

=
N
]

k3 - hf(xi_l + h/Z, yi'l + k/Z).

x
>
[ |

hf(xi| yi‘l + ka).

<
[=
]

Yiap + (kg + 2ky + 2kg + k4)/6,

1= 1,2,,.4yn.
The user shall enter the input information in the "function librery" of
Micro SAINT as shown in the example in Table 3.

b. First-order system of ordinary differential equations:

We consider two diffevential equations in two unknowns u; aud u,:

%32 = £.(x,up,uy), uy(x,) =@ uy(xy) -Aa .

The difference eguations associated with the extension of Runga=-
Kutta method to systems of differential equations are:

kl,i - hfi(xj'“ltuz)' i=1,2,

kz,i = hfi(xj + h/2, upy + 0.5k11,u2j + 0.5ky5)y 1= 1,2,

ky g = hfi(“j + h/2, upy * °’5k21'“2j + 0.5ky5)y 1 = 1,2,

k4.1 = hfi(xj + h, U1,3 + k31'“2j + kyp)y 1= 1,2,

Uy, g+l = Y1, + (kll + 2kpy + 2kgq; + ky1)/6y

02’J+1 = uZ.j + (kl.z + 2k22 + 2k32 + kaz)/6o




As an illustration of an application, we use an example [2]; abohtf
the use of Kirchkoff's Law in circuit theory. Assuming that the switch in

the circuit shown in Fig., 1 is closed at time t = 0,

2 ohms 1 05 farad

n
o k) LH)
\

12 6 ohms 4 ohms

volts

i 5.4
T ™
2 henrys

Figure 1. RLC electrical circuit.

the currents I;(t) and I,(t) in the left and right loops, respectively, are
solutions of the following equaticns:

SH = £1(t,11,1p) = -41) + 31, + 6,1)(0) = 0,

%%2 = £5(t,1},1,) = =2.41; + L.6I, + 3.6,1,(0) = 0.

The user shall enter the input information using x, uy, and ug, Te=
spectively, for t, I,, and I, in the "function library" of Micro SAINT as

shown in Table 5,

TABLE 5. Function Library Input for Diffe4 Program.

FUNCTION  LIBRARY Model Name: diffed
Name : Expression:
f1 (=4)*ul+3%u246;
£2 ("2.4)*“1"‘1.6*“2‘.‘3.6;
initl initlx=0;endx=]l;numintvli=10;initlul=0;initlu2=0




c. Second-order ordinary differential equation:

To approximate the solution of a general second-order ordinary '

differential equation

dzg = £,(x,7,dy), a < x < b,
dx dx

y(a) =, dy(a) =,8,
dx

one needs to transform the equation lato a system of first ordet using the

transformation uy =y, u; = dy, to get:
dx
duy
3;1 Uy
d¥7 = £,(x,uy,u,)
ax AR Rt R R X

Ul(ﬂ) =0 ,Uz(a) = B .

To illustrate the method, we consider the problem

d2¥ = £(x,y,dy) = 2y'/x - 2y/x2 + xlau(x),
dx dx

y(1) = 1, y' (1) = 0.

The transformed system is°

du

dxl = Uy,

%§2 = 2u2/x - Zul/x2 + len(x).

up(l) = 1, uy(l) = 0,
The user needs to enter the initial con~itions and the functional form of

£,(x,uy,uy) 88 shown in Tabl: 6, where y is veplaced by u, and dy/dx is

replaced by Uye



TABLE 6. Function Library Input for Dif£é5 PiBg?aﬁ:;‘;T

FUNCT{ON  LIBRARY Model Name: diffed

Name ¢ Expression:
£2 2%u2/x+(=1)*2%ul/x"2+x*1n(x)
initl initlx=];endx=3;;numintvli=40;initiul=1; initluZ-O

4. CONCLUSIONS

We developed Micro SAINT programs for numerical methods of iategration
and differential equations, These compu.ational modules could be uscd as
subnetworks in modeling problems of interest in naval aerospace medical
research, There are many other numerical methods for integra.ion and for
solving differential equations, Many of these techniques can be programmed
in Micro SAINT® despite its minor shortcomings, such ag the absence of
defined values for the base of natural logarithm, and the capabiliﬁy of
reading input data files.

The numerical integration methods presented here are adequate whén the
function being evaluated is relatively simple, that is, does not require
many time-consuming manipulations, The differential equations methods,
especially the Runga-Kutta, are adequate for problems where the function is
easy to evaluate ard the accuracy needed 1s.small (about-lo'4 for Runga-
Kutta methods).

For further details and recommendations on which method to uge for
solving a given nonstiff initial-value problem (i.e.,, nonstiff differvential
equations with initial conditions), we recommend that the papers by Hull et

[3], and Enright and Hull [4] be consulted. For details on methods for

%R.R. Stanny, Naval Aerospace Medical Research Laboratory, Pensacola,
FL, personal communication, February 1989.
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stiff differential equations, we recommend consulting Gear {5], Lambert

[6], Shampine and Gear [?], or Enright et al. }8].
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Micro SAINT Diagrams and Computer Programs




APPENDIX A

In this appendix, we give actual Micro SAINT diagrams and computer

programs for the following algorithms:

a.

b.

Ce

de

€.

f.

g

h.

i.

Numerical integration of a function f£(x) using Trapezoidal Rule.
Numerical integration of a function f(x) using Simpson's Rule.
Composite Simpson's Rule for double integration of a function
£(x,y).

Composite Simpson's Rule €for triple integration of a function

£(x,y,2),

Euler method for solving a first-order ordinar;\differential
equation,

Modified Euler method for solving a first-order ordinary differen-
tial equation,

Runga=Kutta method of order four for solving a first-order
ordinary differential equation,

Runga=Kutta method of order four for solving a first-order system
of ordinary differential equations,

Runga=-Kutta method of order four for solving second-order (linear

or nonlinear) ordinary differential equations.
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TASK NETWORK FOR INTGTRPZ PROGRAM

ork Number: O
Name: intgtrpz {2) . Type: Network
Upper Network: S . _
Re ease Condition: 13 ‘ - ' - o
First sub-job: 1 start/trapez
Eub-jobs (each can be task or network):
lher: Name: Type:

start/trapez Task
addarea Task
end Task

ask Number: 1
1) Name: start/trapez (2) Type: Task
3) Upper Network: O intgtrpz '
4) Release Condition: 13
5) Time Distribution Type: Normal
4) Mean Time: O3
7) Standard devxat;on' 03
8) Task’s beginning effect:
?) Task’s en 1ng effect:
initls —l,sum—o delx=(endx=initlx//numintvl jx=initlx;
iprey
18) DECISan T¥pev Single choice

Following ask/Netwnrk- Probability Of Taking
Number: Name: This Patht

e addara 12 13
14
16
i8
20
ea
24

—t N o Nt i N

1 (12)
3 (14)
5 (14)
7 {18)
9 (20)
1 (22)
3 (24)
sk Number: 2
) Name: addare (2) Type: Task
) p? Network: O intgtrpz
) Release Condition: 13
) Time Distribution Type: Normal
) Mean Time: O3
) Standard deviation: O3
) Task’s beginning effect
v Task’s ending effect: nitlx+jedelx;f;
m= sum+(prevf+f),prevf—f,;= 5
0) Decision ¥pe- Tactica
Following ask/Network:
Number : Name:
2 addare
3 end

~Mn AAAAAAAA—l PN N

1
1
1
1
1
2]
a
a
i
3
4
5
]
7
8
9
u
1

w=i
"

Tactical Expression:
12)  j <= numintvl;
14) j > numintvls
14)
18)
20)
ea)
4)

2

e N i " o

(
(
(
(
(
(
(

x

Number: 3

Name: end ) (2) Type:r Task
Upper Network: O intgtrpz

Release Condition: 13

Time Distribution Type: Normal

Mean Time: O3

Standard deviation: Oj

Task’s beginning effect:

Task’s ending effect: sum=sumsdelx/2;

Decision T*pe: Lagt task

Following ask/Network- Probability Of Taking
Number : Name This Path:

P P I o P o, P P S, P o, I~
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TASK NETWORK FOR INTGSIHP

Network Number: O

(1) Name: intgsimp (2) Type: Network
(3) Upper Networl:

{4) Release Condition: 13 )

(3) First sub-job: 1 start/simpson

&6) Sub~ jobs (each can be task or network):

um

ber : Name: Type:
1 start/simpson as
2 adoarea Task
3 end Task
Task Number: 1 .
(1) Name: start/simpscn ) (2) Type: Task
(3) Upper Network: O intgsimp
(4) Release Condition: 1j
(5) Time Distribution Type: Normal
(6) Mean Time: OfF
(7) Standard deviation: O0;
(8) Task’s beginning effect:
(9) Task’s en in? effect: initl;
delx=(endx-initlx)/numintvlim=numintvl/e;
?=13sum=0§xin=1n1t1x;x?xinif;tempf=f;
10) decision Type: GBingle choice . )
Following Task/Network: Probability Of Taking
Number : Name: This Path:
(11) @2 addare (12) ;
(13) (14)
(15) (16)
(17) (18)
(19) (20)
(21) (22)
(23) (24)
Task Number: @2
(1) Name: addarea . . (2) Type: Task
(3) Upper Network: O intgsimp
(4) Release Condition: 13
(5) Time Distribution Type: Normal
(6) Mean Time: 05
(7) Btandard deviation: O;
(B) Task’s beginning effect:
(9) Task’s endin?+e fect: x=xintdelx;fifl=fjx=x+delxifife=f;

sumssum+tempf+4xfi+fa;
Xin=x3}
xin=xj tempf=fa;] j=j+13 .
(10) Decision Type: Tactical
Following vask/Network: Tactical Expression:
Number ¢ Name: :
a addare (12) j < m+l}
3 end 14)  § >= m+1;
14)
18)
20)
a2)
4)

2

N o T o P o P
P N

x

Number: 3 '

Name: end ) . (2) Type: Task
Upper Network: O intgsimp

Release Condition: 13

Time Distribution Type: Normal

Mean Time: 05

Standard deviation: Oj

Task’s beginning effect:

Task’'s ending effect: sum=sum*delx/3;

Decision Type: Last task

Folluwing Task/Network: Probability Of Taking
Number s Name: (18} This Path:

P B o, N e, P P P o I g, B N P~
- o020 w— U= et
O ool W=OJUwn—
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T£SK NETWORK FOR DBLINTEG PROGRAM

Network Numbery N ‘ :
(1) ame- db11nteg ~ (2) Type: Network
(3) ? Network: ‘ e
(4} Release LCondition: 13
(9) F1rst sub-job:t 1 start
(6} Sub—jobs {(faci: can be task or network):
Number: Name: Type:
1 start : Task
e integxl Task
3 integy Task
4 integx2 Task
S end Task
Task Number: 1
(1) Name: start (2) Type: Task
(3 er Network: O dblinteg :
(4) ease Condition: 13
(5) Tlmp Distribution Type- Norpal
() Mean Time: O3
(7) Standard dev;atxon. 03
(€) Task'a be 1nn1n effect: .
(9) Task’s en effect: 1initlidelx=(endx-initlx)/numdivx;
sum1=0;sqma-0,sum -0.1-0'
(10) Decision T¥ Single choice

Following ask/Network- Probability Of Taking

Number : Name: This Path:

(11) & integx (12) 13
(13) (14)
(15) (16)
(17) (18)
{19) (20)
(21 (22)
(23) (24)
Task Number: 2
(1) Name- 1nteg %1 (2) Type: Task
(3) Network: O dblinteg
{4) ease Condition: 13
(9) T}me Dlstrxbutxon Type' Nurmal
16) Mean Time:
(7) Standard devzatxon: 0;
(B) Task’s beginning effect: .
(9) Task’s ending effect: x=initlxa+isdelx;funcdofx;funccofx;
dofxwfuncdofr,:ofx—funccofx;HX=(dnfx~cofx)/numd1vy;
y=dofujfifl= f.y-cofx,f;fe-f;te pi=2#*int(i/a);
.k§=f1+f2 1keé=03k3=03
=19
810) Decision T*pe- Single choice

Following Task/Network: Probability Of Taking

Number~ Name: This Paths
(11) integy (12) 13
(13) (14)
(15) (146)
{17) (18)
(19) (20)
(21) (ag)
(23) (e4)
Task Number: 3
(1) Name: integ {(2) Type: Task
(3) Up?er Ne twor 0 dblinteg
(4) ease Cond;tlon' 13
(5) Time Distribution Type- Normal
(6) Mean VTime: O}
(7) Standa4d deviation: 03
(6) Task’s beginning eftect:
(9) Task’s ending effect: y=cofy+jaHX;3fjz=f;
temp'&*xnt(;/E),
if tem g k2=kP+2 else k3=k3+z;
L=(ri+ Mol A4 o0y
= j+1
818) Decision T*pe' Tactical .

Following Task/Network: Tacvical Expression:

Number : Nonzt
(11) 3 integy (12) ;(=numdxvy-
(13) 4 inteqr (14) 3 hindioy-1;




(1]
=

Number: ¢4
Name: integx2 (2) Type: Task
Up?er Network: O db11nteg
Release Condition: 13
Time Distribution Type: Normal
Mean Time: O;
Standard dev;at:nn. 03
Task’s beginning effect:
Task’s ending effect:
i==011i == numdivx then suml=sumi+L else if tempi==i then
m2=sume+L else sum3d=sum3+L;
i == numdxvx then endinteg=1ji=i+l;

U] W S P e, =
—-h ~h g0y NFw—n

0} Decision ¥pe. Tactica .
Following Task/Network: Tactical Expression:
Number : Name:

(11, 2 integx (12) endinteg==0;

(13) S end (14) endinteg==13;

115) (14)

(17) (18)

(19) {20)

(21) (2e)

(23) (24)

Task Number: 5

(1) Name: end (2) Type: Task

() UpYer Network: O dblinteg

(4) Release Condition: 1%

(5) Time Distribution Type: Normal

(6) Mean Time: O3

(7) Standard deviatinn: 03

(8) Task’s begxnn1n2 etfert:

(9) Task’s end:ng effect: sum=(suml+@¥gum2+4¥sam3)*delx/3}

(10) Decision ¥ Last task
Following ask/Network- Probability Of Taking
Number Name: This Path:

(11) (12)

(13) (14)

(15) {16)

(17) (18)

(19) (20)

(21) (22}

(23) (24)
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Net
(1)
- (3)
(4)
(S)
(&)
Num

TASK NETWORK FOR DIFFEL PROGRAM

work Number: O | ; N ‘;.fﬂjl_[
Name: diffel ' - rd@) [ Types

Eer Network:

“"Release Condition: 1%

First sub—-job: 1 start/ Euler

Sub~- jobs (each can be task or netwurk).

A-13

Network:

ber: Name: Type:
1 start/ Euler Task
2 Euler Task
K} end Task
Task Number: 1 ‘ .
(1) Name- start/ Euler (2) Type: Task
() p?er Network: O diffel
(4) ease Condition: 1}
(3) T1me Distribution Type: Normal
(4) Mean Time: Oj
(7) Standard deviation: 03
(8) Task’s beginning effect: L. .
(9) Task’s ending effect: initlidelx=(endx=-initlx)/numintvl;
ﬁ1?=1n1tlx,yout initlys
=13
(10) Decision T*pe- S1ngle choice
Following ask/Networ Probability Of Taking
Number: Name: This Path:
(11) 2 Euler (12) H
(13) (14)
(15) (16)
(17) (18)
(19) (20)
(21) (22)
(23) (24)
Task Number: @&
(1) Name: Euler (2) Type: Task
(3) Up?er Network: O diffel
(4) Release Condition: 13 '
(5) Time Distribution Type: Normal
(6) Mean Time: O3
(7) Standard deviation: 03
(8) Task’s beginnin effect:
(9) Task’s ending effect:
x=xinjy=yout;fjyout=yout+dely#fik=k+ljxin=xint+delx;
(10) Decision T pe: Tactical
Following Task/Network: Tactical Expression:
Number Name: -
(11) & Euler  (12) k<=numintvl;
(13) 3 end vi14)  konumintvls
(15) (16)
(17) (18)
(19) (20)
(21) (22)
(23) (24)
Task Number: 3
(1) Name: end . (8) Type: Task
(3) Up?er Network: O diffel
(4) ease Condition: 13
(5) Time Distribution Type: Normal
(6) Mean Time: 13
(7) $Standard deviation: 03
(B) Task’s beginning effect:
(9) Task’s endmg effect:
(10) Decision ¥pe- Last task
Following Task/Network: Probability Of Taking
(11 Number: Name: (12) This Path:




Do
wh
Wniton
L
u il

ey

L)

L
uw‘:f';ﬁ"';
Bt

i

iy

|

b
Wintposlt
Kl
LN ]
il

oo
il
s'\ |!
Illl'
Hant

quis tiot

T,
0 L

tial e

"n""“" "ll' X n' .tf
0 (1] .
) (] a :
o I
')
Wil
et
-1
al
g S
v §f’f .

nuu::"n“::n [m N u"

Ik“

v

fe—

14001440 b4urbn A H AR D00 S I

L sy

o Y] *
vt
' u-nm"
I.“.a::::l
L
Ly ]

2
qu:':‘n.u "w,.! .
\ .

dified Euler method for scl

mo

Hicro SAINT diagram for

»
Lrm——

Figure 7.

A-14 ..




TASK NETWORK FOR DIFFE2 PROGRAM.

twork Number: O

)  Names diffed

) Uoper Network:

) Release Condition: 13 :

) First sub-job: 1 start/mod Euler

) S8ub-jobs (each can be task or network):

mber: Nam Type:
start/mod. Euler Task
modif-Euler Task
end Task

k Number: 1
Name: start/mod., Euler (2) Type: Task
p?er Network: O diffe2
ease Condition: 13

coeutfu—n

5
)
)
) Time sttr;butxon Type. Normal

) Mean Time:

) 'Standard deviation: 03

) Task’s beginning effects L

) Task’s ending effect: initljidelx=(endx-initix)/numintvl;
? initlxiyout=initly;

0

AT s~ DI Z s

- = g@BJoCuUNFu—p

Decxszon T¥pea Single thoice .

Fol lowxng ask/Networ Probabilit

gum er: Name: his Path
’

y O0f Taking

WO~ e

x

Number: @
Name- modxf-Euler (2) Type: Task
p? Network: O diffel
Release Condition: 13
Time Distribution Type: Normal
Mean Time:
Btandard daviationy 03
Task’s beginning effect:
Task’s ending effect: x=xinjy=yout;fjy=yout+delx*f;ifscf=f;
t=yout+delx*(f+cf)/2 k=k+13
=xintdelx;
) Decision Type: Tactical . .
Following Task/Network: . Tactical Expression:
gumber: Name?

0 OIS - Fea{ gt o

Ax~< P N | T S~ P~
03 L e e e~ 1

k<=numintvl;

3 en kK>numintvl;

I A s, S o S
N N i N i o

x

Number: 3
Name: end (2) Type: Task
Upger Network: O diffe2

Release Condition: 1%

Time sttrlbutxon Type: Normal
Mean Time: 1}

Standard deviation: 0j
Task’s beginnin effec€=

Task’s ending effect:
Decxsxon T*pe- Last task

Fo lowxng ask/Network: Probability Of Taking
Number : Name : (12} This Path:

O e~ ~=tl (I O~J 0

P P o, P =
- goJou-Fwr-u OO s 3= pa o e

——

(11)
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TASK NETWORK FOR DIFFE3 PROGRAMVI

work Number: O

Up?er Network'

Release Condition: 13} N
First sub~jobs 1 start/ R-K-4 o
Sub~ jobs (each can be task or ne*wurk)- '

ber: Nam Type:

start/ R=K=4 Task
runga-kutta 4 Task
end Task

k Number: 1

couUufw—n
B~ e = e o

p?er Network- 0 diffe3d
Release Condition: 13
Time Distribution Type: Normal
Mean Time: O3
Standard devxat:on- 03
Task’s beginning effect:
Task’s ending effect: initljdelx=(endx-initix)/numintvl;
initlxjyout=initlyjk=1;
Decision T¥pe- 1ngle choice
Following Task/Network robab111ty 0f Taking
Number : Name: This Path
= runga- 1

= gmJo U w-n
o:j e N o " o N e = U}

~ u

P~ s P~ o, S

UG > e 0= o 4>
W -0-JNpy—
Nt e e i
AT e T S o, T
I N0 res o= pa b
Fpomosn
e Tl g

=

Number: 2
Name- runga~kutta 4 (2) Type: Task
pger Network: O diffed

Release Condition: 13

Time Distribution Type: Normal

Mean Time: O3

Standai d dev;at1on- 03

Task’s beginning effect:

Task’s ending effect:

jy= yout,f,kl-delx*f,x=x1n+delx/E,y yout+k1/25
delx*f.ynyout+ka/2 fik3=del x#fjxaxintdels;

t+k33fsk4=del x*f;

yout+<k1+2*(ke+k3)+k4)/6.

jk=k+13

) Decision T pe: Tactical . )

Following Task/Network: Tactical Expression:

Number: Name:
e runga-
3 end

SO TX e e o e e~ i

[ -Estie

g e | SOJOCUISW—B
xXnENs

AKALE R i P~ e

o

k<=yumintvl};
k>numintvl;

N gt 0=t g =

— e
n

(12)
(14)
(16)
(18)
(20)
(ae)
(24)

=
n

Number: 3

Name: end . (2) Types Task
Upper Network: O diffe3d

Release Condition: 1}

Time Distribution Type: Normal

Mean Time: 13

Standard dev1atxon= 03

Task’s beginning effect:

Task’s ending effect:

Decision Type: Last task

Following ask/Network: Probability OFf Taking
Number: Name: (18) This Path:

O ~rnrnr =l SOOI

“AAAAAAAA_! Py, S o, P o, P
- gOJC S BRI

~
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Name:  start/ — R-k-4 (@) Type: Task

y ' R
Name: diffed (@) Types  Network: . ..o
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Micro SAINT diagram for solving & system of differential equations.

Figure 9,




TASK NETWORK FOR DIFFE4 PROGRAM

work Number: O

p?er Netwurk:

Release Condition: 13

First sub-jub: 1 start/ system
Sub-jobs (each can be task or network):

ber:s Name: Type:
i start/ system Task
e systm/lin/nonlin Task
3 end Task
Task Number: 1
(1) Name: start/ system (8) Type: Task
(3) p?er Network: diffed
(4) Release Condition: 13
(5) Time Distributien Type' Normal
(6) Mean Time: Oj
(7) Standard deviation: 03
(B) Task's beglnnxng effect: )
(9) Task’s ending effect: initlidelx=(endx~initlx)/numintvl;
ﬁx?flnxtlx,ulout—lnxtlul suout= 1nxt1u8,
“49
{10) Decision T¥pe- Single choice
Following ask/Netwurk' Praobability Of Taking
Number: Name: This Path:
) & systm/ (12) 1
) (14)
) (16)
) (18)
) (20)
) (22)
) (24)
k Number: @2 )
Name: systm/lin/nonlin (2) Type: Task

p?er Network: O diffe4
Release Condition: 13
Time D1str1but10n Types Normal
Mean Time:
Standard devxatxon- 0;
Task’s beginning effect:
Task’s ending effect: x=x1n,u1—ulout,u2-u80ut,
skli=delx#f1} k12=delx*fe x=xin+deln/e}
out+kil ;ua—quut+k12/E flifaskel=delx*fi}
elx*f? E'uE-quut+kEE/8 f13f2;
y

O Il ** — ~ ~r ~ e~ e N1 W~ —

P =i PP P L S
MW= gR-J0RS— PPl pnt
I N
a.--n.!

y
k3l=drlx*f
x=xin+delxsf
ulout=ulout+
udout=ulout+(
x1n-x1n*delx,k=k+l;
(10} Dec:sxon Type:
Following ask/Networ
Number Name:

[ systm/
3 end

-H-

/
u /
k

i X
{ k3
3
acti

3
rﬂ I'UH"! 1]

Tactical Expression:

k<=numintvl}
kK>numintvly

— T it N i N

x

Number: 3

Name: end (2) Type: Task
Up?er Network: O diffeh

Release Condition: 1j

Time sttrxbutxon Type: Normal

Mean Time:

Standard devxatxon. 03

Task's beglnn1n$ effect:

Task's endxng effect:

Decision T* Last task

Following ask/Network' Probability Of Taking
Number : Name: (12 This Path:

O o~ e e~ e = (N W= g~

P T o B o P o Pl oy P I, P
= g0 wW-—t IOt e
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Name: diffe4 (2) Type: Network
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Figure 10. Micro-SAINT diagram for solving e second order for differential equation.




TASK NETWORK FOR DIFFES PROGRAM

Network Number: 9 ‘
(1) Name: diffeS (2) Type: Network
(3) Up?er Network: .
(4) Release Condition: 13

(5) First sub-jobr 1 start/2nd order

(64) Sub-jobs (each can be task or network):

Number: Name: Type:

1 start/2nd order Task

2 2nd order lin/nonlin Task
3 end Task

Task Number: 1

(1) Name: start/end order (2) Type: Task
(3) Up?er Network: O diffed

{(4) Release Condition: 1}

(3) Time sttr1but1on Type: Normal

(&) Mean Time:

(7) Btandard dev:atxon. '

(€) Thsk’s beginning effect: o i

(9) Task’s ending effect: initljdelx=(endx-initlx)/numintvl;
kin=initlxjulout=initlul julout=initlug; :

x=ljerror=0;

(10) Decision T*pe' Single cho1co

Following ask/Networ Probability Of Taking
Number. Name: This Path:

(11) eénd or (12) 13

(13) (14)

(19) (146)

(17) (18)

(19) (20)

{(21) (22)

(23) =LY

ask Number: @

) Name: &nd order lin/nonlin (2) Type: Task
) Up?er Netwnrk: 0 diffed

) Release Condition: 13

i) Time Distribution Type: Normal

) Mean Time: Oj

) Stardard deviation: O3

% Task’s begirnming effect:

1

1

KL T o om o~ o~
o0 g

Task’s ending effect: x=xinsul=uloutjul=ulout;fi=u2;fa;
z=delx#fljkl2=delxwfl)x=xintdelx/2;
ulout+k1’/E,uE-quut+k18/E;f1=uE;f8;
=dely*fjkee=delx#fejul=uiout+kei/a;

uE=quut+k2é /25fi=ue}feik3l=deln*flik3S=del x%f2;
ul—ulout+k31,ue=quut+k32;x=x1n+delx;f1 ugsfes
k4l=delx*fl;k42=delx+fa;
ulout=ulout+(kli+2#(k21+k31)+k41)/63
quutqucut+<k12+E*(k82+k38 Y+ka2) /b
yinsxintdelxik= k*l,
(107 Decision T¥ Tactical
Following ask/ketwork- Tactical Expression:
Number: Name:
(13) 2 gnd or (12) k<{=numintvl;
(13) 3 end (14) ko>numintvl
(15) v16)
(17) (18)
(16} {20)
(21) (ee)
(23) (24)
Task Number: 3
(1 Name: end (8) Type: Task
(3) Upnnor Network: O cdiffed
(4) Release Condition: 13
(5) Time Distribution Type: Normal
(6) Mean VYime: O3
(7) Standard deviation: 03
(B8) Task's beginnin effect:
(9) Task’ s ending effect:
(10) Decision Type: Last task
Focllowing ask/Network Probability Of Taking
N mber s Name: This Path:

(11) (1a)

A-21




APPENDIX B

Graphical Representation for Solutions of Differential Equations,




APPENDIX B

In this appendix we present actual Micro SAINT graphical outputs for -
solutions of the following cases:

a., Runga<Kutta method for

y' = 1=y + x, y(0) = 1,
b, Runga-Kutta method for the system:
%1 = £,(t,1},I,) = «4I; + 3I, + 6,1;(0) = 0,
%%2 = £5(%,11,15) = =2,41) + 1,61, + 3.6,1,(0) = 0.
c. Runga-Kutta method for second-order differential equation:

x2y' - 2xy' + 2y = x3La(x),y(1) = 1,y'(1) = 0,




ab'd 820 0'D
. | ” AT

puessmmeme g

T LB
89T
- 2T
97'7
02T

be'l
8271

2E'1
- 9871

'Tz{p)h'¥4h-T= B

"
Iy,

{{-300 Jopd0 J5T7 0 UBIInjos °BJ 3d0h1]

ﬁﬂl
m




- A3’ Jnog

LAkl

- 831

. g

" ,
B

B-3

'Watqodd JINAA1D 14333[2 3} J0F T
nogn
J0 W3)sAS Japd0 5T JO UDIINTOS '] 2da0A1j .W.,ams

9
oo
"

[ o |




" s
ol

=

,wuﬁﬁw~m~ﬁnwﬁum*mxucﬁmmﬁxnmmm*mmmxmm-w*mmmﬁx
'T4G J3pd0 PUZ JO UDIINYDS ' 34N}

b ol Y

5 Y 1S e L

-~ -

—r DD DD CRCSOS )

1noTn
-h




