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Nowadays almost all time-consuming numerical analysis is done by

of the fast and accurate computer technique.

Sometimes however, one has to do a considerable amount of work,

h the risk of making errors, in elementary algebraic operations with
mulae, before one can construct an (ALGOL) program to be used for
aining numerical results.

In this report we give an account of the investigations about a
sico=chemical problem, which will be described in section 1,

In turns out that the analysis of the so=called second order effect
ults in a fast amount of elementary algebraic operations, which can
done by the computer, The different stages to be followed in the
lysis, will be examined in section 2, which results in a calculation
eme .

In section 3, the system is given, by which formulae can be stored
hin the computer, Moreover the way of input of the formulae will be
isidered,

The ALGOL procedures based upon the calculation scheme will be
ucidated in section L4 and 5.

, bestdescription of them are of course given by their definition in
» ALGOL program, called the "Second order program", reproduced in
rtion 6,

The "Second order program" analyses the problem algebraically and
res output in the form of ALGOL statements, punched on a tape. This
e is directly used for the construction of another program, the
1lculation program" (also reproduced in section 6), which is used to
;ain numerical results,

Since the variables and constants of the problem are complex
antities (i.e, not real), the form of the statements in the
slculation program", for calculating these quantities and thus the
'm of the desired output of the "Second order program" is not

rious, a special section (5) is devoted to these questions,
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The main object in publishing this report is to give a demonstration
the way in which a computer can be instructed to do analytical

by means of a program written in ALGOL 60, a language, which turned
5> be extremely suited for this purpose, due to the possibility to
ruct recursive procedures,

Since we expect that there exists mere problems, likely to this
cular physico=chemical problem, for which the same method can be

we described the problem and both programs in a very detailed
although these programs can not be used for any other problem.

WNe remark that in [ﬂj & description is given of a program based on
tirely different problem, namely the derivation of a series

sion for a solution of a differential equation, but using the same
ique, which is discussed here.

The two ALGOL programs in this report were run on the Electrologica

mputer of the Mathematical Centre.

he Second order problem

In the (x,y,z) coordinate system we study the motion of a fluid.
sume that the phenomena to be considered are independent of the z
inate,

he y coordinate axis be vertically and the x=coordinate axis be
ontally directed.

he surface of the fluid be given by y = z (x) and let the fluid be
itely deepo (i.e0 y = == )

luid and the surface are set in motion by some harmonically

ting (with period %ff} oscillator,

ipples of the surface are damped in the x direction, primarily by
resence of surface active material (surfactant), adsorbed at the
ce and dissolved in the bulk fluid,

nteraction between the adsorbed and the dissolved surfactant is

o diffusion,
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If we denote the horizontal velocity by u, the vertical velocity
v, the pressure by p and the concentration of the surfactant in the
k fluid by e, then the motion and diffusion(with diffusion coefficient

are governed by the following differential equations:

%+u%§»+v%=n§%+§lxu
%% + u %§.+ v %% = _{%(%ﬁ = g +r§ A v
%& +-%§ =0

and

£=ptc- ugs - V<%% .

The boundary conditions for y = = © are very simple: u and v must
zero and ¢ must be equal to the constant oo The boundary condition

* the surface y = (x,t) are very complicated. We define

i

= < = 3Ly2
o = o -RTT, in(1 + a) and L = (1 + (Sx) ).

Let the quantities n,p,g, D,T_,8, ow,R,T and c, be measurable
1stants determining the physico=chemical state, then the boundary

1ditions are

R
, LRy 2ew, vy oneduy o e 3/
=P 2 3y T 9x '9ax  ox ox’ o x ' a2

9L 0V ou 9Zy2,,0u oV _ 30 . 90 9t
) 2n =3 (ay - ax) * (?“(ax) )(ay * ax>— L(ax T3y ax)
r
Bl I oCy _ © ou 3z, du v 3z %iz
’ al (Gprugptvyy) =~ Tz cletallzz + 55 * 250 5% }

D {93 3¢ 9g 2
L [;yu b4 x](c+a)
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he derivation: of these formulae we refer the reader to [éjg
olution of this problem is sought for in the form of Fourier serie
he unknown functions u,v,p,c,% and o,

oo

u= ) cn(x,y)a 1nwt9 when the functions cn(x,y) should be chose

n=0

rly,
Insertion of these series into the differential equations and the
ary conditions and assembling corresponding coefficients of einwt’9
shes a method for obtaining the unknown functions c, and the
sponding coefficients in the series of vyp,c,z and O.
For n = 0 we get the trivial result Ty = UO = VO = 0,

, Py = =PgY, Cy = C and 9 = Owc
= 1 the substitution is relatively simple to do and the result is

K.y m.y i(wb+k x) .
_ 1 1 1 . 2, 2 , 1uwp
u, = (=.Lk,ﬂA_g e = m1B1e Je with m, -—k1 + =
k.y m.y i(w$‘+k1x)
v, = (-k§A1e + 1k1B1e ) e
kY i(w%+k1x)
Py, = ipw A,e e
9
i +
My iletey) > 2 iw
c1 = E? e e with u1 =k, +«-5
k, i(mt+k1x)
¢, = === (iA, + B,)
RTT,
0, = = c
1 a+co 1

The quantity k1 can be determined by the condition that the
rminant of the three homogeneous equations for A,Eg B, and E19

ined from the equations 6,7 and 8, should vanish. Ags B, and E, ca
be expressed in terms ofr k1o

From the differential equations we get for u = 2 in a not too

licated way the following results:
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2K,y m.y (k?+m1)y 2i(wt+k1x)
5) u, = (=21k1A2e -m,Be =(m1+k1)w e Je

2k,y m,y (k1+m1)y> 21 (wt+k x)
5) v, = (=2k1A2e +2ik,Bye 421k ye e

e 2ky (k1+m1)y 21(wt+k1x)
7) P, = (2iwpA, e +P e ) e
2 2
uoy (k,+ u1)y (m.+ p )y 2i(wt+k, x)
o } ! o 1 1 1

3) c, = (E2 e +d,e +i, e Je

B, and E, and m 2 =

:hP’;,j,i and 52 known expressions in A, By -

21wp 21w

- 2 _ ., 2
hk1 + = and u,” = hk1 +

RTT_ : ’
2 % = ave, (ey - 2(a+c05 ¢,” )

2i(mt+k1x)

)) z, = 22 e

~s
S
Q
I

From the four boundary conditions, the four unknown constants Ass

yE, and Z, can be determined.

2
riously this is a painstaking job; even the boundary itself in an un-
>wn function,

this point the fast and accurate computer technique can be introduced.




e Calculation Scheme

Before we describe how the computer technique can be ussd we want to
se the process for solving this problem.
This amounts in short to: inserting the formulae (9) to (10) into
oundary conditions (5) until (8).
ach boundary condition the coefficients of the several unknown
jties must be assembled and the resulting linear equations in these
ities should be formed,
However, it turned out during the execution of some test programs,
this device can not be used, without saying. The origin of the
culties is the restriction of the memory capacity of the used X1
ter,
We are forced to split up the boundary conditions in several parts,
at the operations can be done for the different parts seperately.
esults obtained from these different parts are assembled afterwards
ach boundary condition.

obvious that this splitting up gives extra difficulties for the
istration. v

To clear up the situation we will treat in more detail the first and
st boundary condition (5).
ugh the splitting up is not neccessary for this boundary condition
11l be done by way of example,

Let us formulate our purpose:

Calculate 22 as & linear combination of A2 and B23

(Note that E, does not occur in this boundary

condition)
We examine the following parts of the boundary conditions

oﬂ,o o - _a£
B1 ¢ el Cis =v and D1 ¢ u P

The "Second order program" which also treats this boundary

‘tion in this way, gives six intermediate results of the calculation
1\ ordinary notation. These results, marked with the symbol comment
reproduced in the Calculation program after the label

JLATION o
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process which is followed in the "Second order program” is illustrated
the following Calculation Scheme., (we use a short hand notation: '">"

ning: so that we obtain the formula)

Insert the formulae 9 to 20 into B1 = B2
Remove the brackets in B2 + B3, so that B3 is a sum of terms, and each
term is a product of known or unknown quantities

Collect the terms in B3 which are, apart from a numerical factor, the

same -+ Bk
(Thus k o+ 1wk, + A = (1+i)k,0 + A,)

i(wt+k1x).
Remove the terms in BL which contain more than two factors e B2,

This intermediate result is produced in the first comment part.
Insert the boundary y = z(x) in B5 +B6

k1y k1; k12 g2
(Thus e = e =1+ kog+ :

+ 000

the series should be continued as far as is necessary)

Remove the brackets in B6 - BT

Collect the terms of BT which are, apart from a numerical factor, the

same = B8

Remove the terms of B8 whlch contain more than two factors € (wt+k1x)+B9

Thls 1ntermed1ate result is reproduced in the second comment part
21(wt+k1x)

5 ©

2i(wt+k1x)

Collect the coefficients (if any) of Z

" " " " " A e
2

2i(wt+k1x)

" " " " " B2 e

Collect the remaining second order terms,
From the results of 9, 10, 11 and 12 the program defines output in
form of ALGOL statements, so that we are actually able to calculate

coefficients of Z s A E and the remaining second order terms,

23
The specific form of these statements will be described later on,
The whole scheme is of course repeated for the remaining two parts

the boundary conditions: C2 and D2,
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e get in the same way two sequences of formulae C?,0..,C9 and Di,.004D9
The third until the sixth above mentioned comment parts cbrrespond to
‘he formulae C2, C9, D5 and Dg respectively.

Since thejpro;ess/is &raight forward and very easy to follow for this
;imple boundary condition we will not show it in more detail; the reader
:an easily check the mentioned results given in the Calculation program.

Now, that the problem is decribed and the calculation scheme is given

re turn over to the ALGOL program.
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The Storage and Input of formulae in ALGOL 60

Let us investigate the form of the formulae described above,
se formulae are build up with a set of quantities partly known
Zo W or kj) and partly unknown (evg. A2) s a set of exponentials
a set of complex numbers. The operations which occur in these
nulae are the sum, the subtraction, the product, the division and the
ferentiation with respect to x, y and t.
subtraction of a quantity will be treated as the sum of the product
shis quantity with =1. The division occurs only as the division by

known real quantities w and a + c., thus if we introduce the quantities

0
and 1/(a+co) then the division can be turned over into a product.

she factors L;% and L-B/ in formulae 6, T and 8 ane expanded in power
ies in %% , then these divisions are also eliminated.

see therefore that the only essential operations are the sum and the
luct, assuming that the differentiation is directly carried out.

:an describe this situation by saying that the formulae which occur in
problem lie in an algebraic ring. This ring is composed of the complex
ser field, to which a set of letters (in ALGOL notation identifiers) is
mgated, These letters are given in the procedure body of AP of the
rond order program' as the first actual parameter of the procedure

3. There are 4l of them beginning with "zero" and ending with "eiotplkx"
physical meaning of these letters can be inspected from the second

1al parameter of PCNS, which is a string; as string quotes the Math.

;re versions # and # are used.

5 €.8. the identifier RTGGAPC stands for the physical quantity

(-]
« GAMMA/(a+c) or R I.T

——— the identifier emly stands for etmly or e™Y,
0

We will call henceforth these L4 letters, simple termso
representation of a formula in the ring is of course not unique.
original (physical) formula may be written in any way, in which also
ivatives occur.
set of procedures for storing a formula is constructed in such a way

t first, the operations product and sum= are binary operations,
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second, the brackets around a sum occurring as a multiplicant in a formula
are removed and third, a possibly occurring derivative is replaced by a
formula equal to this derivative (in other words: the differentiation is

carried out).

Example: suppose %% = b+c then the formula a. %% is stored as

((ab)+(ac)), we placed the brackets to indicate that the operations are
binary,

Conclusion: the form of the formulae to be stored may be quite
general; the differentiation operator may occur in it but the restriction
is that the operations product and sum are used as binary operations.

From the formulae of the before-going sections we see that the
complex numbers occur only in a product with a formula which contains at
least one simple term. We may also say that the formulae which we consider
are elements of the ring but not of the complex humber field.

According to the above remarks, a stored formula is a sum of products of
simple terms. _

To each such product we may attach a complex number, so that we obtain a
set of formulae large enough to include the formulae of sections 1 and 2.
The formulae of this set have a form which can be defined in the following

way, using Backus notation,

< identifier >

< simple term >33

< complex number >:: = (< number > + i < number >)‘

< simple product: > >:: = (< simple term >*< simple terms>|
(< simple term >#< simple product: >)|
(< simple product >*< simple product}>)
< formula > :: = (x formula > + < formula> )|
< simple terms >|
< simple product >|

(< complex number >*< simple products >)

Let us now describe how the storage is actually performed. Assume
that to every formula and to every occurring complex number a non-negative
integer called the index is associated.

Let us moreover introduce the two negative integers called PLUS and ST
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the "Second order program" respectively equal to =1 and =2),
see that each formula can be characterized by three numbers. One
ber defining the type (sum, product or simple term) and two numbers
ining the two formulae of which the considered formula is built up,
it is not a simple term,
is therefore not surprising, that we use for the storage of the
mulae an integer array which has three array elements in each row.
s array will be called H and in the program the declaration of H is
sk last, 123], where k last must be chosen large enough (see section 6).
For the storage of the complex numbers we use the real array HC,
lared by HCEﬁzkc last, 1:2]; where kc last must also be chosen large
ugh. A complex number R+iI, with R and I real, which has the index n
stored such that HC l:n,1]=R and HC [:n,2]=Io
We shall now show, by means of the following table, how a formula
n index k is stored in the several cases.
Assume the formulae a and b have indexes ia and ib and the complex

ber C has index n (>1)

H[k, 1] k.2l #[k,3]

a+b 1a PLUS 1

b
a*b i 1 i a and b must be simple
a b .
Oseaséh i n 3 products or simple terms
a b Hc[n,7] = R(C), HC[n,2]=
= I(C).
a undefined 3T undefined a must be a simple term

From this table we see that if H[k,2] is positive then the formula
automatically a simple product to which a complex number with index n
attached in the case H[k,2] > 1, but if we define HC[1,7] = 1 and
ﬁ,g] = 0, then we can say that in the case H[kgé] = 1, the complex
ber 1 is attached to the simple product-
onsequence of attaching a complex number to a simple product is that
can not multiply a complex number with a simple term, say s. This
ficulty is however easily overcome when we use the simple term "one"
ch is introduced especially for this difficulty. "one" is used as a

t element in the ring, so that we may form the product of s with "one"
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and attach to this product the complex number.
Some times however, the same procedure is also followed if we want to
multiply a simple product say s, with a complex number C., This is done in
the case that s may not be altered (since it is also used elsewhere in
the program), then a new simple product is formed of s and "one" and to
this simple product a new complex number is attached. This new complex
number is the product of C with the originally to s attached complex number.
Note, that we adopt the convention that there is only one complex number
attached to a simple product. Thus if we multiply 10(a.b) with 20(c.d) then
the result is 200((a.b).(c.d)) and not (10(a.b)).(20(c.d)). It is easily
seen however, that it is not allowed to remove the two numbers 10 and 20
from the system, since this can damage other formulae using the simple
product 10(a.b), so that we actually store the formula
10 20
200( (a"b) . (c%a))

in which the arrows have an obvious meaning: the numbers 10 and 20 remain
in the system but they will not be used in this formula.

The simple term "zero" is used within the differentiating procedure,
where the derivative of a éonstant is set equal to the simple term "zero".
For convenience sake the indexes of "zero" and "one" are chosen to be equal
to 0 and 1 respectively.

Let us illustrate the description given until so far with an example.
We want to store the formula f = u1+2iw, where u, is given in (9), thus
f is equal to

K,y i(wt+k3x) m.y i(wt+k?x)

-1k1A1 e e = m1B1 e e + 21w,

In the "Second order program" the occurring simple terms have the following

k+
indexes (see the procedure AP). w32, k?gh, mégs‘ Ae9, Bﬁgio, e Eys37i
m,y i(wt+k1x) “
e :38 and e :43,

Assumé that the complex numbers =i, =1 and 2i have the indexes 2, 3 and T

then




HC[2,7] = 0, HC[,2] = -1,
HC [B,1] ==1, HC[3,2]
HC[L,7]=0, HC[L,2]= 2.

formula f may then be stored according to the following table:

HE,1] Hk,2] #k,3]

i
o
©

k?y
9 1 37 A.e
i k.gy
L 2 Ly =ik A.e
ﬁ?y
10 1 38 B1e “
m,iy
5 3 L6 mm?Bje
‘ kmy i(wt+k1x)
L5 2 43 =ik1A?e e ‘
k,y i(wt+k1x)
L 3 L3 -m,B.e ‘e
48 PLUS L9 = u,
1 L 2 = 2iw
50 PLUS 51 = f

the index of f is equal to 52,
3id of this example we can also show the use of the input procedures
oJ), S(i,3) and PC(a1,a24)-
ad S store the product respectively the sum of two formulae with indexes
ad J and PC multiplies the complex number with real part al and
zinary part a2 to a formula with index i. U and f are stored by the
lowing statements
= P(s(pc(0,=1, P(k1, P(AT, ekiy))),

PC(=1,0, P(m?, P(B1, emly)))), eiotplkx);
= S(w1, Pc(0,2, OMEGA));

®

correspondence between these statements and the formulae for u, and T
2asily seen.

It is of great importance that this correspondence is direct, since
translation of the formula written in ordinary notation into statements
the above kind, is a source of errors,

We shall now describe in more detail the procedures P, S and PC.
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It should be remarked that the non=local integers k and k¢ are used as
pointers for the arrays H and HC indicating the next free places in these
arrays.

The integer procedure P(i,j) stores the product of two formulae with
indexes i and j. The index of the stored result is assigned to P itself,
Notice that we said: P stores the product of two formulae and not: two
simple products. In storing a formula,P removes the brackets around a sum,
oceurring as a factor. If i and jare indexes of simple products then P
attaches the product of the two complex numbers attached to the multi=-
plicants, to the newly formed simple product. However, the already
attached complex numbers sre not removed since as is already mentioned
above, it is possible that one or both simple products are used somewhere
else in the program.

Of course, attaching the product of the two complex numbers to the
product of i and j is not necessary, but our definition of a formula
requires it and it has the advantage that we can directly get the attached
complex number of a simple product.

The integer procedure S(i,j) stores the sum of the formulae with
indexes % and j. The index of the result is assigned to S itself.

The integer procedure PC(al, a2, i) stores the product of the complex
number, with real part al and imaginery part a2, with the formula with
index i, The index of the stored formula is assigned to P itself, If i
corresponds to a sum, then the complex number is multiplied with both
summands and the resulting formula is a new sum with an index unequal to i,
However, it is possible that the formula with index i occurs only once in
the process, so that we may change it without disturbing the future
calculation; and this means saving of storage space. We may ask therefore,
when it is not allowed to change a formula and how this can be seen from
the index. The answer to this question is very easy as we will see, The
set of formulae which we encounter in our system can be divided in two
sets, One set consists of the formulae such as Wyo Uys Vs Voo etc,, which

are used in all the boundary conditions, these formulae will be called basic,

It is therefore obvious, that these formulae are stored earlier then the

formulae corresponding to the boundary conditions, The way in: which the
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>rage of the formulae is performed, is such that the index of
1secutively stored formulae, increases. Thus, the indexes of the
sic formulae are lower than the indexes of the other formulae and
can indicate a sharp point, for which the non=local integer K is
:d, below which a formula is basicj i.e, if i < K then the formula
:h index i is basic, and may not be changed.

PC investigates, by means of this device, if a formula is basic
not, if it is basic a completely new formula is constructed and
it is not basic the formula is changed itself (i.e., the formula
:ps the same index i, but the data given in H[},il, H[ﬁié] and
i,él are properly changed).

Both procedures P and PC use the integer procedure CP(i,J)
ich calculates the product of two complex numbers with indexes
ind j. The result is stored in HC, the index of this result is
signed to CP itself,

We shall now deal with the representation of the simple terms .
> indexes of them are of course a priori arbitrary. But for short=
:ting several procedures we order the values of the integers ekly,
ly, emuly, ek2y, em2y, emu?y and eiotplkx such, that this sequence
increasing with succeeding integers. The same restriction is
sed on the sequence ki1, mi1, mul, m2 and mu2, Moreover the integer
>tplkx is the largest of all indexes of simple terms.,

It is perhaps superfluous to say that the two mentioned sequences
integers correspond to the indexes of the simple terms
VoL, etluttkx) e Kiy ooy Hyo

We have two kinds of simple terms in our systems namely, a simple
rm corresponding to a real quantity (such as OMEGA or w) and a simple
rm corresponding to a complex quantity (such as k1),

The information about the two kinds is stored in H[?ij where k
the index of the simple term, When the simple term is real then
{gﬂ = =2 else HE:Q‘E:] = 1,

The procedure AP(i) defines, when i < O the values of the indexes
the simple terms., It is easily seen that this is done in correspondence

th the above remarks about the ordering.




1owever i > O,then

Ls output is given

,Co standard proce

z st in a paper tg)

sput form of the simple term

z quotes in the procedure

ares for the punching of the
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. Proceduresfor more detailed investigations

Until so far the description of the system was rather general.
jere are much more problems for which we can use the same procedures
, S, PC and AP (with other simple terms of course)

The representation of a formula in the array H is such, that the
1put procedures can be made very simple. A construction of a
~ocedure for differentiating a formula can also be easily based upon
1is representation; we do this for the procedure DIFF(n,i), but using
lso, for shortness sake, the special ordering of the simple terms
s described before., The integer procedure DIFF(n,i) differentiates
formule with index i with respect to x, y or t dependent on whether
equals 1, 2 or 3 resp. The index of the stored formula is assigned
> DIFF itself.

The representation in the array H is very suited for the input
1d differentiation procedures, but not for more ddmiled investigations
f a formula, therefore we introduce another representation,

As we have seen, each formula is a sum of, say, lO simple products,
st these be ordered from 1 to l00 The i=th simple product is a product
£, say, li simple terms. Let the indexes of these simple terms be

iven by

- 31919 coo g aigli Withi=]9 000 g loo

e can store the numbers 10, l19 000y ll in the integer array L[bg@]
0

where N has to be chosen large enough, in our case N = 50 is

ufficient). We set L[i] =1, (1 =0, coo, lo)o The index a; . can be
- ]

tored in the integer array a, declared by a[ng[b],OzMagj with

ax = maximum L[i], and ve set a[i,j] = a, ., for i > 0. Moreover the
L. v 1,9
1=1 9000 DLLO

ndex of the complex number, attached to the i=th simple product, is

ssigned to a[i,0]:
The transfer of a formula with index i from the representation
n the array H to the representation in the arraysa and L is governed

y the procedure BT(i,a,L,fi).
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mhis procedure should be called twice, the first time with the

m fi = false (then the arraybounds of a i.e. the array L is

ated) and the second time with fi = true (then the array a is
.ated),

he redundant factors "one" and terms "zero" are removed by the
lure BT, It is used within the procedure SUBCALC.

Je shall now discuss the other procedures in more or less detail.
The'procedure OUTPUT1(L,a) punches a formula represented in the
irrays a and L, in the ordinary notation, in the output paper tape
"he procedure SUBCALC(i,c) regulates the different stages of the
:alculation scheme of section 2.

"he stages 3, 4, 7 and 8 are carried out by the procedure CAL,

:he stage 5 is carried out by the procedure SUBSTITUTE and the
stages 9 to 12 are carried out by the procedure PUN.

fhe procedure CAL(a,L) rearranges the array in such a way that
i[i,i] < a[ﬁ,j+i], for j = 1, sooy L[i]=1s

Jimple products consisting of the same simple terms, apart from

1 numerical factor, are summed.

lhe array a is rearranged ..another time, such that simpie products
vith the attached complex number equal to zero, or containing more

l(W“kﬁ(), are dropped.

han two factors e
lhe procedure SUBSTITUTE(fi,a,L) substitutes, when fi = true the
soundary y = z(x) in the formula, represented in the array a and L
vhen fi = false the formula is not changed.

The possibly new formula is stored in the array H and possibly new
introduced brackets are removed, With fi = false SUBSTITUTE transf
the formula from the representation in a and L into the representa
in H,

The description of the procedures PUN and PROD is given in the cou

of the following section.
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Computation with complex numbers

Before we can describe the procedures PUN and PROD, we have to
1sider the way in which the output is desired,

Since we are interested in numerical results, an ALGOL program
1e "Calculation program" reproduced in section 6), based upon the
‘mulae derived with the here-described method, has to be constructed.

These formulae are built up with complex numbers, it is therefore

; obvious how to treat them in ALGOL. Let us, by way of example,
(a + b)c

d ©
a, b, ¢ and d are real numbers this calculation is carried out

1t to calculate x from the formula x =

the statement x: = (a + b) * c¢/d, assuming that a, b, ¢, d and x
» declared real and that a, b, ¢ and d have already got values.
v however a, b, ¢ and d are complex numbers.

We constructed the procedures P, Q, S, T, J, PRC and U to be
le to write down one statement which effectuates the calculation
Xo

In this example the statement would be U(x,Q(P(S(T(a),T(b)),T(c)),T(d)))
which the complex numbers constituting the statement must be stored in
: real arrays X, &, b, ¢, d [J:é]o
> real and imaginary parts are stored in the array elements with index !
1 2 respectively,

The analogy with the expression for real numbers becomes apparent,
we remark that the procedures P, Q and S are used for the calculation
a product, a quotient and a sum respectively and the procedure U for
signing the calculated result to x in this case, The role of T will be
scribed later,

For the calculation we use the real array H[}:N,l:é], where N should
chosen large enough (it can be seen from the following that N+1 should
chosen equal to the maximum number of right=handed brackets, placed
> after another in the relevant statements).

We have chosen the letter H for the array which is perhaps somewhat
afusing, since the same letter is used for the array in which formulae

2 stored, It has however the advantage that the correspondence of both
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.ypes of operations, storage of formulae and computations with complex
wmbers, is showed very well.

In the array H the intermediate results of the calculations are
stored and the final results are stored, with the aid of the procedure U,
.n the particular arrays representing the several complex numbers (x in
;he example above)., This is in contrast to the use of the array H for
sepresenting formulae; where the results themselves are stored in H,

Before we can calculate with the complex numbers they have to be
>rought in the array H., This is done by the integer procedure T(a), T
stores the contents of the array a (representing the complex number a,
such that a[ﬁ] and a[é] are equal to the real and imaginary part respect-
ively), into the next free places of the array H, say H[k,1] and H[kaé];
;he integer k is assigned to T itself,
lhe mentioned integer k is a non=local integer of the program and indicates
it any time the next free places of H. At the beginning of the program k
st be set equal to zero. During the execution of a computation, k
wugments and diminishes automatically, so that at the end of a computation
¢ becomes equal to zero again.

The definition of the integer procedures P, Q, S, PRC and J in the
'Calculation program", is such that the index of the place in H, where the
result of the calculation is stored, is assigned to the procedure identifiers
shemselves,

We remark that the same way i1s followed for the integer procedures
>, S, PC and DIFF of the "second order program", This is of course a
sonsequence from the fact that the administrations of the two processes,
storage of formulae and computation with complex numbers, are identical.

We shall now give the meaning of the procedures PRC(a,i) and J(al,a2);
PRC multiplies the complex number, stored in H[ﬁai} and H[ﬁ,é], with the
real number a3 J stores the complex number al + ia2 in the array H (where
a1 and a2 are real numbers),

Besides the procedures mentioned we use the procedure FLOPC, defining
the output of a complex number,

The procedures Ul and Sum are especially made for the connexion with the

"Second order program'.
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*ore we can describe these procedures we have to return to the "Second
ler program",
In section 2 we discussed the way in which the boundary conditions

s split up. Each part of it gives a formula, via the stages 1 to 8 of

w

Calculation scheme, from which the desired output can be obtained.
Evidently this output (ALGOL statements) is given in the form
scussed above.

; us take a look, for instance, at the coefficient of

Wtk X) _ o5 o4i(OMEGA t + kix)eti(OMEGA t + kix)

de(
formula B9 (see the second comment part behind the label
LCULATION in the "Calculation program") this coefficient is
+ 21)OMEGA,
The numerical value of this coefficient is calculated by the state=
1t
PRC(OMEGA, J(0,2)).

>te that OMEGA is a real number).

> result of the calculation is stored in the array H, but since H is

2ad for intermediate results only, we have to extract this result from
and store it somewhere else. For this purpose we use the array elements
H with index from 51 to 100 (this is possible since the first 50

aces of H are enough for the calculation),

Thus the complex number is restored in H and gets an index between
and 100, Of course this index should be stored itself somewhere, since
have to remember that the calculated number is a coefficient of Z2o
Therefore we introduce the integer arrays

cze, cE2[1:1], ca2, cB2[1:k], c2[1:28]

d we store the index of the coefficient of Z, in the array element

2
2[i]o (It is the first coefficient of Z2 which we encounter),

9 A2 and B2 are stored in the

rays CE2, CA2 and CB2 resp., and the index of a remaining second order

idently, indexes of coefficients of E

rm is stored in C2.
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[he transfer of the intermediate result of the calculation (stored
vith index lower than 51) to the array elements of H with indexes
ar than 50, and the storage of the index into one of the arrays
JE2, CA2, CB2 or C2 is done by the procedure Ul (in the

1lation program” of course).

[n the example above, the procedures PUN and PROD (of the "Second

program’) define the following output

J1(cz2[1], PRC(OMEGA, J(+0, +.200, 1)));

o
aich +,200, ) + 1 means simply +2).
nhe sake of illustration we give the following tabel, from which

ffect of this statement can be inspected, if we assume that

MEGA = 300,
k H[k,1] H[k,2]
J 1 0 2
PRC 1 0 600
U1 51 0 600 and cz2[1] = 51,

When the "Second order program" comes across another coefficient
then it should produce output of the form U1(C22[é], 0o o

fore we have to administrate how many times a coefficient of Z2

ccur already in a boundary condition., this is done with the help of

nteger array c occuring as a formal parameter in the procedures

LC and PUN, The actual parameter is the integer array cc[}sé]o

the definition of the procedure PUN it can be seen that

o0y ¢[8] correspond to the coefficients of A1, B1, E1, A2, B2,

2 and the remaining second order terms respectively.

rk: The "Second order program" was also used to check the first
solution, therefore A1, B1 and E1 do also occur here. For shortness
however, we did not reproduce the output of the first order terms

he reader may thus assume that XEEN(2) # 2 (7-th line of the

dure PUN)).

The administration is very simple.

all c[i] are set equal to zero and when the procedure PUN comes
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oss a second order term, the corresponding array element of c¢ is
mented by one; in the above case concerning a coefficient of 72,
] is augmented by one.

We are now able to describe the procedures PUN and PROD of the
.cond order program' more accurately.
I(c,a,L) investigates a formula represented in the arrays a and L
.ording to stages 9 to 12 of the Calculation scheme of section 2
' course the letter Z2 can be changed in the letter E2).
'h row of the array a is examined with respect to the type of it.
» relevant output is given i.e, the "heading" of an ALGOL statement
| the above example: "U1(cz2[1],".

Then the further output is defined by the procedure PROD(i,a,L)o
.s procedure gives the output of the i=th row of the array a, this
1 is already slightly altered by the procedure PUN, which has set
12l to one the array elements, representing simple terms which may
, occur in the output, e.g. the simple terms A2 or eiotplkx.
)D investigates, if the simple term represented by an array element,
possibly a real quantity, then output is given in theform:
I¢(" followed by the output of this simple term and a comma.
:n the simple term is a complex quantity then PROD firstly
sduces the output "P(T(", secondly it investigates if* this simple
'm does occur more than once., If this is the case, then the output
the simple term is followed by a number, indicating the number of
nes this simple term occurs,
an the simple term occurs only once, then the output is given of this
nple term only.
nally, PROD gives the output of the complex number attached to the
ample product and stored in the array elements HCE@Eigd]si] and
[a[i,0],2] in the form "J( cocy004)", where the dots must be replaced
the relevant numbers,

ample: let the i=th row of the array a be given by
1,4] b(x1), ali,3]
i,h] 1 and HC[2,2]

e complex number 1 + 1/2 i), then PROD produces with the aid of the

5 (m1),

2, a[i,7] = 2 (oMEGA), a[i,2]

.5 (representing

[}
1]
]

5 and a[i,5] = 1 with HC[2,1]
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procedure AP the following output:
"PRC(OMEGA, P(T(k1), P(T(m1 2), J(+.100,, + 1, +.500,, + 0))))".

When the considered row is e.g. a 3rd coefficient of A2 then the
procedure PUN has already given the preceeding output
"y1(caz[3]," and it closes the output with ");".

A consequence of doing things as described above is that we have
to introduce in the "Calculation program" besides the array mi also
the array m12, mi3, k12, k13, k1k,; etco
These arrays representing integral powers of mi, k1, etc. should be
calculated beforehand in the "Calculation program". The advantage is
obvious: the "Calculation program" becomes shorter and less time-

consuming,

We have seen, how the relevant output of a formula 1s produced,
This formula is a part of the boundary condition.
When the output of all the different parts of the boundary condition
is given, the several results should be assembled,
Let us see how this is done for the first boundary condition (5),
which is split up in three parts. The first part gives rise to one
CZ2 term, the segond part to one CA2, one CB2 and five C2 terms and
the third part to another four C2 terms.
The procedures PUN and PROD produced the output by which the
"Calculation program" can calculate these several terms. The results
of these calculations are (indirectly) stored in the arrays CZ2, CA2,
CB2 and C2, These results must be summed, so that we can solve the
equation for Z2,
This equation is

72 = CZ2A2 % A2 + CZ2B2 3 B2 + COZ2

where the coefficients CZ2A2, CZ2B2 and COZ2 can be calculated from
the already stored results,
C0Z2 is firstly set equal to the sum of the terms belonging to CZ2.
The "Second order program" gives therefore the following output:
u(coz2, sum(1, CZ2)); in which the, until now, undefined procedure Sum

occurs, The meaning of Sum is now evident: Sum calculates the sum of the
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>lex numbers whose indexes are stored in CZ2, and via the procedure
1is sum 1is stored in the array COZ2,

arally, Sum(i,a) stores into the next free places of the array H,
sum of the complex numbers with indexes given by atﬂ; boog aEﬂo
coefficients CZ2A2, CZ2B2 and COZ2 are now calculated by the
tements right after the label ASSEMBLAGE in the "Calculation

gram",

se statements are produced by the "Second order program" with the

p of the procedure PU,

One firal remark should conclude this section. After the investi-
jons of the first boundary condition, output is given in such a
m that the "Calculation program” can calculate the coefficients
A2, CZ2B2 and COZ2. Therefore we can set henceforth Z2 equal to
formula CZ2A2 # A2 + CZ2B2 %= B2 + COZ2 so that in the calculation
the following boundary conditions Z2 does not occur anymoreo
same procedure is followed for the second boundary condition (6)
m which E2 can be calculated in terms of A2 and B2,
this way the boundary conditions (7) and (8) constitute two linear
ations in A2 and B2, These equations are solved in the "Calculation
gram" after the last comment. The ALGOL statements for solving

se equations are not produced by the "Second order program".
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+ ALGOL programs

‘'n this section we give the "Second order program" and the

1lation program",

;h programs a set of procedure identifiers is used which are not

‘ed, This set belongs to the set of standard functions for the

1atical Centre ALGOL systems

111 describe them shortly.

L)

M(string)

n1ktring)

CE(i)

1, 9n)

°
o

oo

oo

oo

oo

an integer procedure assigning to its identifier
a number which can be brought into the machine

by the consoles

a procedure, punching the actual string on the
output paper tapes
the symbols * and # are the M.C, representatibns

of string quotes.,

is most easily described bys

procedure PUTEXTI(string) 3 string string;
begin PUTEXT((}'$); PUTEXTI(string); PUTEXM(}'%}) end

a procedure punching the value of i (0 < i < 127)

as a heptade on the output paper tape.

a procedure punching a new line carriage return

symbol on the output paper tape.

a procedure punching n space symbols on the output

paper tapeo

a procedure punching a piece of blank output paper

tape,

a procedure punching on the output paper tape the
number n in floating point representation; i signi=
ficant decimals behind the comma and j decimals

of the exponential part,
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ocedure punching on the output
lute value of the number n in
esentationy 1 decimals beforeand

comma. o

al procedure assigning to its

umber punched on the input pap

res the following symbol‘is us
of interest.

for the "Second order program
ne hour and 13 minute respecti
parts.

program” we chose k last and
C) equal to 352 and 96 resp., I
es of H and HC were actually n

X1 storage words was about 300

therefore that the memory cgac
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in gggz_ngg& Second order programs;

ateger kclast klasts kelast:= XEEN(1024x1023)/1024; klast:= XEEN(1023)s
egin integer k, kc, K, KC, ul, vi, u2, v2, u, v, k1, ml, mul, m2, mu2,
CZ2A2, CZ2B2, ekly, emly, emuly, em2y, ek2y, emu2y, eiotplkx, Al, Bl,
El, A2, B2, E2, Z2, Z1, Z, zerc, one, ST, PLUS, OMEGA, EGO, PSI,
PST, CST1, CST2, COZ2, CE2A2, CE2B2, COE2, RHO, RTGGAPC,
EGAPC, ETA, D, g, CNPA, GCCPA, GTCPA, AG, ekm2iok, pl, p2, cst,
cl, sigma0, sigmal, sigma2, z1, 22, c2;

array HC[1:kclast,1:2]s integer array H[O:klast,1:313

rocedure AP (i); value i; integer i3

Eegin switch S:= S0, SI, S2, S3, sS4, S5, S6, S7, S8, 89, Si0, Sii, S12,
Si3, Si4, si5, S16, S17, S18, S19, S20, S21, S22, S23, 824, S25, S26,
S27, S28, S29, S30, S31, S32, S33, S34, S35, S36, S37, S38, S39, S40,
S41, S42, S43; Erocedure PONS (j,st); integer j; string st;
if i <0 then
begin j:= ki= k + 13 Hlk,1]l:= 13 Hlk,2]:= ST end else
begin PUTEXT1(st); goto END ends

if i < 0 then

Pegin k:= -1: ke:= 13 Ki= 03 KC:= 13 PLUS:= -13 ST:= -2; HC[1,1]:= 13
HC[1,2]:= 03 goto SO

end else goto Sii+1 | SO: PONS(zero40%);

ST: PONs(one,&1}); S2: PONS(OMEGA ,{OMEGA});

S3: PONS(EGO,£OMEGAA(-1)}); S4: PONS(k1,4k1});

S5: PONS(m1, ml%); '~ 86: PONS(mul dmul})s

S7: PONS(mM2,<m2»); S8: PONS(mu2,{mu2});

S9: PONS(A1,4AL}); S10: PONS(Bl,iBl )3

S11: PONS(E1,£E1}); S12: PONS(A2,4A2});

S13: PONS(B2,£B2>}); S14: PONS(E2 4E2})3

S15: PONS(Z2,£7Z2}); S16: PONS(CZ2A2.4CZ2A23})s

S17: PONS(CZ2B24CZ2B2});  S18: PONS(PSI,{PSLH});

S19: PONS(PST {PST:#); S20: PONS(CST1,4CST1});

S21; PONS(CST2,4CST24); S22: PONS(COZ24COZ2});

S23: PONS(CE2A2,4CE2A24);  S24: PONS(CE2B2,4CE2B2});

S25: PONS(COE2,4COE2}); S26: PONS(RHO4RHO});

S27: PONS(RTGGAPC {RTXGAMMA /(a+c0)});

S28: PONS(EGAPC 41/(a+c0)}); S29: PONS(ETA4ETAY);

S30: PONS(g.tgh); ~ S31: PONS(CNPA {(a+cO}});

S32: PONS(GccPA,iGAMMAxcox(amo)j»); o

S33: PONS(GTCPA,{GAMMAX(2xc0+a)$); S34: PONS(AG SGAMMAXza})s

S35: PONS(D,4D#); S36: PONS(sigma0 &SIGMA});
S37: PONS(ekly,feMkly+)s S38: PONS(emly deAmly+)s
S39: PONS(emulyeAmuly})s  S40: PONS(ek2ydedk2yt)s
S41: PONS(em2y,deAm2y+); S42: PONS(emu2yfeAmu2yd)s
S43: PONS(eiotplkx,4eAl(OMEGA t + k1 x)});

END: end;

rocedure comment;

Ee&n Infeger‘ is ig}‘; i== 122,14,115,14,70,14,84,14,84,14,117,14,69,14,35,16
do PUTBIT(i)

end; |

procedure PS; begin PUNLCR; PUSPACE(8) end;
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nment Continuation of Second order programs
eger procedure P (i,j); value i,j; integer i,js
1=0V]j= 0 then Ps= 0 else
H[i,2] = PLUS thén P:= S(P(HIi,11,i),P(H,31.])) else
Hlj.2] = PLUS fhen P:= S(P(i,H[j,1).P(i,H[,3)) else f
rin P:= k:= k + 13 Hlk,1]:= i3 H[k,3k= j; H[k,2]:= if H[i,2] < 1 then
T H[j.2] < 1 then 1 else H[j,2]) else if H[j,2] < 1 then H[{;2] élse
SP(HL2LHEZT . T - - T -
%;ger procedure S(i,j)s value i,js integer i,
: i,i)s v i,js i r i,
zin S:= k:= k + 13 Hlk,1 = i: H[k,2]:= PLUS; Hlk,3]:= j end;
eger procedure CP(i,j); value i,j; integer i,j3
zin real a3 CP:= kei= ke + 13 ac= HCli,1] x HC[j,1] - HC[i,2] x HC[j,2];
AC[ke.2:= HC[i,1] x HC[j,2] + HC[i,2] x HC[j,1]; HC[ke,1]:= a
1
eger }_)rocedure PC (al,a2,i); value i3 real al, a2; integer is
Ali,2] = PLUS then
zin if i < K then PC:= S(PC(al,a2,Hli,1]),PC(al,22,Hli,3]) else
oegin H[i,1]:=" PC(al,a2,H[i,1]); HIi,3]:= PC(al,a2,H[i,3])); PC:= i end
1 else '
¥in if 1 < K V H[i,2] = ST then i:= P(one,i); PC:= i3 if i = 0 then
:%BT,__;_Q_‘”ENIT; ke:= ke + 13 HCIRC,1l:= als HC[ke,2]:= 825”1 H[i,2]> 1 then
segin ke:= ke - 13 Hi,2l:= CP(ke+1,H[i,2]) end else H[T;2]:= ke
[D: end;
eger procedure DIFF (n,i); value n,i; integer n,i;
zin integer 1; integer array diftii:21;
srocedure DIFFDP3) s value i; integer i;
if H{1,2] = ST then
degin if i > ekIy A (n 4 2 = i = elotplkx) then
begin j:= j + 13 diff(jl:= i end ‘
ond else begin DIFFP(H[i,1]); DIFFP(H[i,3]) end;
T H(T,2T = PLUS then DIFF:= S(DIFF(n,H[i,1]J,DIFF(n,H[i,3]) else
degin j:= 03 DIFFP(i); DIFF:= P(if j = 0 then 0 else if n = 2 then
it § = 2 then S(diff[1] - ekly + k1, difff2] - ekly + k1) else
if diff[1] = ek2y then PC(2,0,k1) else diff[1] - ekly + k1 - aiff[l]i_ekzy)
else if n = 1 then Gf j = 1 then PC(0,1,k1) else PC(0,2.k1))
else (if j = 1 then PC(0,1,0MEGA) else PC(0,2,0MEGA)),i)
1ET = |
ocedure OUTPUTL(L, a); integer array L, a;
gin integer i, j; for i:= 1 step 1 until L[0] do
Begin P57 if ali,0T> 1 then -
begin PUTEXT1((); FLOP(3,1,HCafi.01,1])s PUTEXTLH + ix});
FLOP(3,1,HC[ali,0],2]); PUTEXT1({)}) ‘
end; for j:= 1 step 1 until L[i] do
begin AP(ali,jll; PUTEXT1(4 ) &nd;
T 1+ L[0] then PUTEXT1({+}) ~
end; if LI0] =0 then PUTEXTL({0})

At

d

o




ent Continuation of Second order programs;
dure BT (i,a,L.fi); value i; integer i3 Boolean fis 1nteger array
Tnteger 1, 11; Er’ocedure BTT 11’i9 value 1; integer 1
{iijl % PLUS then
in 1—— 1 + 13 1i:= 03 OT(i); if 11 > 0 then

n L[1]:= 113 if fi then a[l;0]:= if H{,2T < 0 then 1 else Hli,2]
e se begin BTT(’H[lTDm BT1(H[1,3]) end;

cedure OT (i); integer i

1n rocedure OT111§, integer i:

gg_@n 1 = ST A1 $ one then

begin if 1f 1 = 0 then g%t_g END; 11:= 11 + 13 if fi then a[l,11]:= i
eise if 1 ¢+ one then in’ OT1(H[1 1]); OT1TH[,3T end
nm’ff(l); if 11 =0 then begin 11:= 1 if fi then a[[;IlI]:= one ¢
ofo A; END: 1:= 1-1,11—0

end; 1:= 03 BT1(1); L[0]= 1

dure SUBCALC(i,c); integer is 1nte er array Cc;
“integer n,j,il,i2; integer array L 1511:= i3 i2:= 03
(i1, H,L, false)s n:= if L[0] = 0 then 0 else L[1]; for j:= 2 step
il L[O] do begin if n < L[] then n:= L[T end;
in integer arra 21:L[01,0:n]; BT(i1,a,L tTue);
= K3 CAL(a,L); ifi2 =1 then goto B; D= 13
1:= SUBSTITUTE(tTue ,a,L); goto A3 B: PUN(c,a,L);
D: end
dure CAL (a, L): integer array a, L3
‘in.teger i, i1, i3 Dr’oce%ure Cﬁ&d
in integer ks if ah 0]=0 then goto END;
Flell :E T.[i] then goto END; for k:= 1 te 1 unt1l L[i] do
egin if ali,k] ¥ alj,k] then gofo END end; if a[f;0> KC Then
T‘gl“‘a["“o] else il:= kc = kC + 1, HC[i1]:="HC[ali,0],1] + HClalj
1Cli1,2]:= HAClali,01,2] + HC[a[§,01,2]; ali, 0]:= il afj,0):= 03
f abs(HC[i1,1])+abs(HC[i1,2]) < ,-10 then ali,0]:= 03
D: end~
is= 1 step 1 until L[0] do
v1n A: for i1:= 1 step 1 until L[i] - 1 do
egin lr‘tl i1] > ali,ii+1] then
begin j:= ali,ill; ali,ill: = ali,il+l]; ali,il+1]:= j; goto A end
l end for ie= 1 ste 1 until L[0] - 1 do for j:= 1&'@’{;33 T until
"COM; Tor i:= 1 Step 1 unfil L[0] do

sin 1f LTT> 3 then
nif a[iL[i]=2T = eiotplkx then ali,0]:= 0 end

_; 1 :mi for i:= 1 step 1 until 1.[0] do
fin if il -lr A ali,0 then
Jegin for jo= 0 step 1 unt’T T.1i] do alil,jl:= ali,jl; L1l L[il;

-
ug
i

=31 + 1

=nd else if ali,01 4 0 then il:= il + 1

l; Lmﬂ i1 - 13 11~ kcs j:= 03 for i:= 1 step 1 until L[0] do
ali, O] > KC then

in kc = ke + 13 HClke,11:= HC[ali,0],1]; HC[kc,2]:= HC[a[i,0],2

!"n:-‘.ﬂ

l‘:"




nment Continuation of Second order program;
<c:= KCj for i:= 1 step 1 until L[0] do
segin if ali,0] > KC then .
“‘%“e in j:= j+1; ali,0:= kc:= kc+ly HC[ke,1]:= HC[il+j,1]3
HClkc,2]:= HC[i1+j,2]
end
ond3 if XEEN(1024) = 1024 then
degin RUNOUT; PS; comment; OUTPUTL(L,a); PUTEXT1({s}); RUNOUT
eger procedure SUBSTITUTE(fi,a,L); Boolean fis Exteger array a, L3
sin integer 1,Js integer procedure prod(i); integer i3
segin integer j,p.e,b; p:= one; er= -1; bi=if a i,L[i]-1] = eiotplkx then
1 else 0; for j:= 1 step 1 until L[i] do
begin if fi then
begin if alf,j] > ekly A a[i,j]l < emuly A b = 0 then
e:= (ekly - ali,j] - k1) x e else if ali,j] < ekly V a[i,j] > emu2;
then p:= P(p,ali,j)) ‘
end else p:= P(p,ali,j)
end; if ali,0] > 1 then p:= PC(HC[a[i,0],1],HC[ali,01,2],p)3
fé?;""o then p:= DP(p,S(one,P(e,z1))); prod:= p
a_ngg if L[0T = 0 then begin SUBSTITUTE:= 03 goto END ?..Il(l} j:= prod(]
for i:= 2 step 1 until L[0T do j:= S(j,prod(i)); SUBSTITUTE:= j;
D7 end;
ocedure PUN(c,a,L); integer array c,a,L;

zin integer i,j; procedure PU(n,st); integer n; string st;
E?gin“‘““‘"fa i,01:= +13 clnl:= cln] + 13 PS; PUTEXTI(st); ABSFIXP(2,0,c[n]);
PUTEXT1({1.$)s PROD(i,a,L)s PUTEXT1()gh); j:= Lli]
and; for i:= 1 step 1 until L[0] do
degin ali,L[i]ls= 13 if ali,Lli]-1] § eiotplkx then
begin if XEEN(2) = 2 then
egin for j:= 1 stepT until L{i] - 1 do
m_glﬁegin if ali,j]= Al then PU(1,4UL(CA1[}) else
if ali,j] = B1 then PU(ZgiUl(CBl ) else
if ali,j] = E1 then PU(3 <UL(CE1[})
end end end else -
begin ali,Lli]-1]:= 1; for j:= 1 step 1 until L[i] - 2 do
Eegin if ali,j] = A2 then PU(4, U1(CAZTY) else
if ali,j] = B2 Then PU(5,$U1(0132§) else
]

I

TR

if ali,j] = z2 then PU(6,LUL(CZ2[}) else
it ali,jl = E2 then PU(74UL(CE2[}) else
if i = L[i] - 2 then begin j:= j + 13 PU(EIUL(C2[}) end
d end end end; - |
ocedure PROD(i,s,L); value i3 integer i; integer array a, Lj
g%g{ integer j, r0, rl, p, p0, gs integer array RO, RI[I:L[i]l;
r0:= 1= p:= p0:= gz= 03 for j:= 1 step T until L[i] do
begin if ali,j] + 1 then -
Eegin gi_iH[a[i,j],,i = -2 then begin r0:= r0 + 13 RO[r0]:= ali,j] end
else begin rl:= rl + 1; Rllrll:= ali,j] end
end ends if ¥0 > 0 then
begin PUTEXT1({PRCTH; AP(RO[1]);

f5
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ent Continuation of Second order programs

T J:= 2 step 1 until r0 do

n%rp_ PUTEXTLE X $); AP(RO[{]) end; PUTEXT1H:})

s for je= 1 step 1 until r1 do

n 1f R1[j] = p0 then p:= p + 1 else

_%% if p> 1 then ABSFIXP(1,0,0); if j + 1 then PUTEXT1({).});
TEXT1EPITCH; AP(RL[j]); q:= g + 13 p0:= Ri[jls p==1

end: if p > 1 then ABSFIXP(1,0,p); if rl > 0 then PUTEXT1()b);

[EXTIIC); if al1,0] = 1 then PUTEXT1({1,04) else '

in FLOP(3,1,HC(a[i,01,1]); PUTEXT1({:}); FLOP(3,I,HCla[i,01,2]) end;

7= (if 0 > 0 then -1 else 0) step 1 until q do PUTEXT1({)})

of PROGRAM: RUNOUT; AP(-1); HHOMEGA,1]:= H[EGO,1]:=

5.1l:= H[RTGGAPC,1]:= H[EGAPC,1]:= H[sigma0,11:=H[ETA,1]:=

.= H[CNPA,1]:= H[GCCPA,1]:= H[GTCPA,1]:= H[D,1]:= H[AG,1]:= -23

P(S(PC(0,-1,P(k1,P(Al,ekly))),PC(-1,0,P(m1,P(B1,emly)))),eiotplkx);

P(S(PC(-1,0,P(k1,P(A1,ek1y))),PC(0,1,P(k1,P(B1,emly)))),eiotplkx)s

iok:= P(ekly,P(emly,P(eiotplkx,eiotplkx)))s N "

3(P(S(PC(0,-2,P(k1,P(A2,ek2y))),PC(-1,0, P(m2,P(B2,em2y)))),

stplkx,eiotplkx)), PC(-1,0,P(S(m1,k1),P(PSI,ekm2iok)))) s

3(P(S(PC(-2,0,P(k1,P(A2,ek2y))),PC(0,2,P(k1,P(B2,em2y)))),

otplkx,eiotplkx)),PC(0,2,P(k1,P(PSI.ekm2iok)))); '

P(PC(0,-1,P(EGO,S(PC(-1,0,P(k1,A1)),PC(0,1,P(k1,B1)))))eiotplkx);

PC(0,1,P(RHO,P(OMEGA,P(A1,P(ekly,eiotplkx)))))s = ‘

3(PC(0,2,P(RHO, P(OMEGA ,P(A2,P(ek2y,P(eiotplkx,eiotplkx)))))),

3T ,ekm2iok)); vi= S(vl,v2)s us= S(ul,u2); T

P(S(P(CST1,P(ekly,emuly)),P(CST2,P(emly,emuly))),

otplkx,eiotplkx))s cl:= P(E1,P(emuly,eiotplkx))s

11:= PC(-1,0,P(RTGGAPC,cl)); K:= k3 [ch]: ke;

integer i, Kl, KC1; integer array cc 1:8]3

cedure SI (i); integer i Eegin SUBCALC(i,cc)s k:= K3 ke:= KC end;

cedqure PU (stl,n,st2,st3); integer n; string stl,st2,st3;

in PS; PUTEXT1(st1); if cc[n] = 0 then

/ogin PUTEXT1(4J(0,0)})3 goto END end; PUTEXT1({Sum(})s
IXP(2,0,ccn]);s PUTE)%TT({&); PUTEXT1(st2); PUTEXT1({)});

IND: PUTEXT1(st3) ‘

10

ot

Ti=1,2,3,4,5,6,7,8 do cclil:= 03

SIDIFF(3,5(z1,P(Z2, P(eiotplkx,eiotplkx))))) s SI(PC(-1,0,v))3

P(ul,DIFF(1,z1))); PUEU(COZ2:}+,6,4CZ24,4)5h)3 B

MBLAGE:

‘GU(CZ2A2,Q(PRC(-1 3,4 <CA2 gi)BT(COZQ))) )s

(«U(CZ2B2,Q(PRC(-1 3,5 <CB23$,%),T(COZ2))) 5})3

(dU(C0Z2,Q(PRC(-1 4,8, 4C2+ £), T(COZ2)) )3

= P(S(P(CZ2A2,A2),S(P(CZ2B2,B2),C0Z2)),P(eiotplkx,eiotplkx))s

:= k3 KCl:= kc; for i:= 1,2,3,4,5,6,7,8 do cclils= 03 i:= 13 '

c2:= S(P(E2,P(emu2y,P(eiotplkx,eiotplkx))),cst)s

rma2:= PC(-1,0,P(RTGGAPC,S(c2,PC(-.5,0,P(EGAPC,P(c1,c1))))))s
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mment Continuation of Second order programs;

K:="k; KC:= kec;

32:
SI(P(ETA,PC(2,0,P(DIFF(1,z1),S(DIFF(2,v1),PC(~1,0,DIFF(1,ul)))))
SI(P(ETA,S(DIFF(2,u),DIFF(1,v)))); SI(PC(-1,0,DIFF(1,S(sigmal,siy
SI(PC(-1,0,P(DIFF(1,21),DIFF(2,5igma1))));

PU( U(COEz,:} 7 <{:CE2:I>, sh)s
PU(KU(CE2A2,Q(PRC(-1%,4.,4CA2%.<),T(COE2)))
PUKU(CE2B2,Q(PRC(-1,5,4CB2},<),T(COE2)))
PU(U(COE2,Q(PRC(-1 3,8 4C2% & T(COEz)));F),

for i:= 1,2,3,4,5,6,7,8 do cclil:= 03 k= K13 kc:= KC1; i:= E2;
E2:= S(P(CE2A2,,A2),S(T’TCE2B2,B2),COE2)); oto AA; E2:= i
>3: SI(S(P(RHO,P(g,S(zl,z2))),PC(—1‘,0,S(pl,pZ)%T—
SI(PC(2,0,P(ETA,DIFF(2,v))));
SI(PC(-2,0,P(ETA,P(DIFF(1,21),S(DIFF(2,ul),DIFF(1,v1))))))s
SI(PC(-1,0,P(sigmal, DIFF(1. ,DIFF(1,z1)))));
SI(PC(-1,0,P(sigma0,DIFF(1,DIFF(1,5(z1,22)));
PU(U(coeffl1 3 4 4CA2} )b s

PUEU(coeiflzﬁ SiCB )53)s

PUMU(coeff13, PRC (-1 },8 <tczj> L h)s

for i= 1,2,3,4,5,6,7,8 do cclil:= 03

SI(P(DQP(CNPAQP(CNPA,S(DIFF(Z,S(cl,02)),PC(—l,O,P(DIFF(l,zl),
DIFF(1,c1))))))); SI(P(D,PC(2,0,P(CNPA,P(cl1,DIFF(2,c1))));
SI(P(GCCPA,S(DIFF(1,u), P(DIFF(l z1) S(DIFF(2,u1) DIFF(I,vl))))))
SI(P(GTCPA,P(cl1,DIFF(1,ul)))); S
SI(P(AG,S(DIFF(3,S(c1,c2)),S(P(ul,DIFF(1,c1)),P(vl,DIFF(2,c1))))))
PU(U(coeff21 CA2} %) ),

PU%U(coeffzzi iCB

PU(U(coeff23, PRC(-1 3,8 «kcz} 4)st); RUNOUT

d end

s
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mment Calculation program;

JU, ¢0, a, D, GAMMA, SIGMA, SIGMAO, RT, ETA, RHO, g, OMEGA3
r k, ka; array ki, k12, k13, k14, ml, ml12, ml3, mul, mul2, mul3,
122, mu2, mu22, Al, A12, Bl, Bl12, E1, E12, A2, B2, CZ2A2,

2, COZ2, CE2A2, CE2B2, COE2, PSI, PST, CST1, CST2, coeffll,

2, coeffl3, coeff2l, coeff22, coeff23[1:2], H[1:100,1:2];

T array CZ2,CE2[1:1],CA2,CB2[1:4],C2[1:28]; :

ir procedure T(a); array aj ‘

TETE T 15 HGTES alll; Hik2l= al2] end;

T Brocedure P(i,j); value i,j; integer i,js

real a3 P:= ke= k - 13 as= H[i,1] X H[j,1]1 - H[i,2] x H[j,2];
92]:_; H[isl] X H[joz] + H[1,2] X H[]91]§ H[k91]3= a

v procedure Q(i,j); value i,js integer 1,33
Teal a,b; Q= k= k — 13 h:= H'G"‘g]?}&“,l + H[j,22; a:= (H[i,1] x H[j,1] +

STX HIL,2)/0; Hk,2]= (H[,2] x H[,1] - H,1] x H{j,2)/0s Hk,1]= a

»r procedure S(i,j); value i,j; integer 1i,j; o
S= ko= k - 1; Hk,I:= H[E,17+ HG,11; Hk,2]= H[i,2] + H[j,2] end;
dure U(R, i); value i; integer is array R;

RI1 ;= HI[,11; Rl’ L= H|i,2 i; ke=k -1 _e_rl(_i_;

sr procedure PRC(a,i); value a,i; real aj integer i3

“PRC:= k3 HIk,1l:= a x H0,11s HK,2]:= a X Hl1;9§l ends

v procedure J(al,a2); real al, a2;

“Ji= ko= k + 13 H[k,1]:= ai; H[k,2]:= a2 end;"

dure FLOPC (STRING, a); string STRING; array as

Ka:= 50; PUNLCR; PUTEXT(STRING); PUTEXT1¢ });
OP(10,3,2[1]); PUTEXT({+ i.(}); FLOP(10,3,a[2); PUTEXT({)})

dure Ul (i,j); value j; integer i,js
1= ka:= ka + 13 Hlka,iT:= H,1]: Hlka,2]:= H[j,2]; k== k - 1 end;
sr procedure Sum(i,a); value is integer is integer array ajs -

“Integer J; sume= k:= k + 13 H[k,1]:= H[k,2]:= 03 for j:= 1 step 1
Hla31.2] end

8

i1 do begin Hlk,1l:= Hk,1] + Hlaljl,1]; Hlk,2]:= Hk,2] +

sdure RE(a); array a; begin al[ll:i= read; a[2]:= read end;

of CALCULATION:

DUT3; PUNLCR; SIGMAO:= read; RT:= read; ETA:= read; RHO:= read;
ead; NU:= read; D:= read; GAMMA:= read; c0:= read; a:= read;
GA:= NU x 6.,28318530717943 SIGMA:= SIGMAO - RT x GAMMA X

+ c0/a); k= 03 kas= 503 RE(k1); U(k12,P(T(k1),T(k1)));

3, P(T(k1),T(k12))); U(k14,P(T(k1),T(k13))); RE(mul); RE(m1); RE(mu2);
12)s U(ml12,P(T(ml),T(m1))); U(m13,P(T(m1),T(m12))); U(mul2,
nul),T(mul))): U(muld,P(T(mul),T(mul2))); U(m22,P(T(m2),T(m2)));
22, P(T(mu2),T(mu2))); RE(A1); U(A12,P(T(A1),T(A1))); RE(B1); =
2,P(T(B1),T(B1))); RE(E1); U(E12,P(T(E1),T(E1))); RE(PSI); RE(PST);
'ST1); RE(CST2); ‘ ' ‘ ’
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mment Continuation of Calculation programs;
CULATION: k:= k3

mment

700,41 + ix+ 0 JOMEGA OMEGAA(-1) k1 Al eAi(OMEGA t + ki
0 + ix+.100,+1 JOMEGA OMEGAA(-1) k1 Bl epi(OMEGA t + k1
0 + ix+.200,+1 JOMEGA Z2 eAi(OMEGA t + k1 x)

M(OMEGA t + k1 x) 3 -

mment_ ,

700,41 +ix+ 0 JOMEGA OMEGAA(-1) k1 Al eAi(OMEGA t + k1
0 + ix+.100,+1 JOMEGA OMEGAA(-1) k1 Bl epi(OMEGA t + k1
0 + ix+.200,+1 JOMEGA Z2 epMi(OMEGA t + k1 x)

M(OMEGA t + k1 x) 3
(Cz2[ 1 1,PRC(OMEGA,J(+ 0 +.200,+1 )));
mment
J00,+1 + ix- 0 k1 Al efkly eMi(OMEGA t + k1 x) +

0 + ix-.100,+1 )k1 Bl eAmly eAi(OMEGA t + k1 x) +
200,+1 + ix- 0 )kl A2 2y eM(OMEGA t + k1 x)’
M(OMEGA t + k1 x) + :

0 + ix-.200,+1 )k1 B2 eAm2y eAi(OMEGA t + k1 x)
A(OMEGA t + k1 x) + -

0 + ix-,200,+1 )kl PSI epkly eAmly eAi(OMEGA t + k1 x)
Ai(OMEGA t + k1 x) 3 '

mment
100,41 + ix- 0 )k1 Al eMi(OMEGA t + k1 x) +
0 + ix+.100,+1 JOMEGAA(-1) k1 k1 k1 Al Al

M(OMEGA t + k1 x) eAi(OMEGA t + k1 x) +
,100,+1 + ix- 0  )OMEGAA(-1) k1 kI k1 Al Bl
AM(OMEGA t + k1 x) eMi(OMEGA t + k1 x) +

0 + ix-.100,+1 )k1 Bl eAi(OMEGA t + k1 x) +
100,41 + ix- 0  )OMEGAA(-1) k1 k1 ml Al Bl
AM(OMEGA t + k1 x) eAi(OMEGA t + k1 x) +

0 + ix-.100,+1 JOMEGAA(-1) k1 k1 ml Bl Bl
M(OMEGA t + k1 x) epNi(OMEGA t + k1 x) +
200,41 + ix— 0 )k1 A2 eMi(OMEGA t + k1 x)
Ai(OMEGA t + k1 x) +° "

0 + ix-.200,+1 )k1 B2 eM(OMEGA t + k1 x)
M(OMEGA t + k1 x) + ~

0 + ix-.200,+1 )kl PSI eAi(OMEGA t + k1 x)
M(OMEGA t + k1 x) 5 '
(c2[ 1 ],PRC(OMEGAAM-1),P(T(k1 3 ),P(T(Al 2 ),
(+ 0 ,+.100,+1 )5 ‘ '
(c2[ 2 ],PRC(OMEGAAN-1),P(T(k1 3 ),P(T(A1),P(T(B1),
(+.100,+1 ,— 0O IN)s ‘
(C2[ 3 ],PRC(OMEGAA(-1),P(T(k1 2 ),P(T(m1),P(T(A1),P(T(B1),
(+o1001o+1 o 0 MMM ) . ) -
(c2[ 4 1,PRC(OMEGAA(-1),P(T(k1 2 ),P(T(m1),P(T(B1 2 ),
("' 0 9 @ 10010+1 )))))); - ) ) ‘
(cA2[ 1 1,P(T(k1),J(+.200,+1 ,~ O )3
(cB2[ 1 LP(T(k1),J(- O »—2200,+1 )));
(c2[ 5 1,P(T(k1),P(T(PSD,J(- 0 —+200,+1 ))))3
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comment Continuation of Calculation program

& 7o + ix+,100,+1 JOMEGAA(-1) k1 k1 k1 A1l Al efkly
eA(OMEGA t + k1 x) eNi(OMEGA t + k1 x) +

(+.100,+1 + ix+ 0  )OMEGAA(-1) k1 k1 k1 Al Bl epkly
eMi(OMEGA t + k1 x) epi(OMEGA t + k1 x) +

(+.100,+1 + ix- 0  )OMEGAA(-1) k1 k1 ml Al Bl ejpmily
eMi(OMEGA t + k1 x) eM(OMEGA t + ki x) +

(- o0 + ix-.100,+1 JOMEGAA(-1) k1 k1 ml Bl Bl ejmly
eM(OMEGA t + kI x) epi(OMEGA t + k1 x) 3

comment

G 70 + ix+.100,+1 JOMEGAA(-1) k1 k1 k1 Al Al

eM(OMEGA t + k1 x) eMi(OMEGA t + k1 x) +

(+,100,+1 + ix+ 0  )OMEGAA(-1) k1 k1 k1 Al Bl
eM(OMEGA t + k1 x) eAi(OMEGA t + k1 x) +

(+.100,+1 + ix- 0  )OMEGAA(-1) k1 k1 ml Al Bl
eM(OMEGA t + k1 x) epi(OMEGA t + k1 x) +

(- 0 + ix-.100,+1 JOMEGAA(-1) k1 k1 ml Bl Bl
eM(OMEGA t + k1 x) eAi(OMEGA t + k1 x)

vUl(c2[ 6 ],PRC(OMEGAA(-1),P(T(k1 3 ),P(T(Al 2 ),
J+ 0 +.100,+1 )))))s

ul(c2[ 7 1,PRC(OMEGAAM-1),P(T(k1 3 ),P(T(A1),P(T(B1),
J(+.100,+1 ,+ O N3 "

U1(c2[ 8 ],PRC(OMEGAA(-1),P(T(k1 2 ),P(T(m1),P(T(A1),P(T(B1),
J(+.100,+1 - 0 N3 » ‘ .
ul(c2[ 9 1,PRC(OMEGAA(-1),P(T(k1 2 ),P(T(m1),P(T(B1 2 ),
J- 0 ,—=100,+1 )))))); ‘

SSEMBLAGE: a

U(Coz2,Sum( 1 ,CZ2));

U(CZ2A2,Q(PRC(-1,Sum( 1 ,CA2)),T(COZ2)));
U(CZ2B2,Q(PRC(-1,Sum( 1 ,CB2)),T(COZ2)));
U(C0Z2,Q(PRC(-1,Sum( 9 ,C2)),T(COZ2))); FLOPCH{CZ2A2 =$,CZ2A2
FLOPC({CZ2B2 =$,CZ2B2); FLOPC({COZ2 =},C0Z2);

comment We removed from the
TI(C2T 1 1,PRC(OMEGAA(-1) x
J(+.400,+1 - 0 M3

Ul(c2[ 2 ],PRC(OMEGAA-1)
J("‘ 0 ,—540010'*'1 )))))));
U1(c2[ 3 ],PRC(OMEGAA-1)
J- 0 —.400,+1 )3
Ul(Cc2[ 4 ],PRC(OMEGAA(-1)
J(-,400,+1 ,+ O MINH
Ui(c2[ 5 ],PRC(OMEGAA(-1)
J(+.200,+1 ,— O M3

Ul(c2[ 6 ],PRC(OMEGAA(-1) x
J+ 0 o=0200,+1 ))))))3

Ul(c2[ 7 1,PRC(OMEGAAM-1)
J- 0 =2 100,5+1 )3
Ul(c2[ 8 ],PRC(OMEGAA(-1)
J(-.100,+1 + O MN)s

X

X

X

X

X

X

following the comment parts;
ETA,P(T(k1 4 ),P(T(A1 2 ),

ETA,P(T(kl 3 ),P(T(m1),P(T(A1),P(T!
ETA,P(T(k1 4 ),P(T(A1),P(T(B1),
ETA,P(T(k1 3 ),P(T(m1),P(T(B1 2 ),
ETA,P(T(k1 4 ),P(T(Al 2 ),
ETA,P(T(k1 4 ),P(T(A1),P(T(B1),
ETA,P(T(k1),P(T(ml 3 ),P(T(A1),P(T

ETA,P(T(k1),P(T(m1 3 ),P(T(Bl 2 ),
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nment Continuation of Calculation program;
(CAZ]T 1 1.PRC(ETA,P(T(kl 2 ),J(+ 0 ,—+800,+1 ))))3
(CB2[ 1 ],PRC(ETA,P(T(m2 2 ),J(-.100,+1 ,+ 0 M3
(C2[ 9 1,PRC(ETA,P(T(k1),P(T(ml1),P(T(PSI), (- 200,+1 ,+ 0 M)
(C2[ 10 J,PRC(ETA,P(T(m1 2 ),P(T(PSI),J(-.100,+1 ,+ 0 MNs
(C2[ 11 ],PRC(ETA,P(T(k1 2 ),P(T(PSI),J(-.500,+1 ,+ O s
(C2[ 12 ]PRC(OMEGA/M 1) x ETA P(T(kl 3 ),P(T(m1),P(T(A1),
(T(B1),J(- 0 = 1005+1 NI
(c2[ 13 ]PRC(OMEGA/M 1) x ETA,P(T(k1 3 ),P(T(m1),P(T(B1 2 ),
-.100,+1 .+ O DN HE
0132[, 2 ]PRC(ETA P(T(k1 2 ),J(-.400,+1 ,+ O N
(C2[ 14 ]PRC(OMEGM( 1) x RTxGAMMA/(a+cO) P(T(k1 2 ),P(T(mu1),
(T(A1),P(T(E1),J(-.100,+1 + O DN
(c2[ 15 ]PRC(OMEGA)F\( 1) x RTXGAMMA/(a+c0),P(T(k1 2 ),P(T(mul),
(T(B1),P(T(E1),d(+ 0 ,+.100,+1 )))));:
(CE2[ 1 ]PRC(RTXGAMMA/(a+cO) P(T(k1),J(+ 0 ,+.200,+1 ))));
(C2[ 16 ],PRC(RTXGAMMA/(a+c0),P(T(k1),P(T(CST1),
0 ,+.200,4+1 ))))):
(cz[ 17 J,PRC(RTXGAMMA/(a+c0),P(T(k1),P(T(CST2),
+ 0 7+ 200,+1 ))));
(c2[ 18 ]PRC(RTXGAMMA/(a+cO) x 1/(a+c0), P(T(k1),P(T(E1 2 ),
- 0 = 100,5+1 )))))3
(c2[ 19 ]PRC(OMEGA/}\( 1) x RTXGAMMA/(a+c0),P(T(k1 2 ),P(T(mul),
(T(A1),P(T(E1),J(-.100,+1 ,+ O NN :
(C2[ 20 1,PRC(OMEGAA(- 1) x RTXGAMMA/(a+c0),P(T(k1 2 ),P(T(mul),
(T(B1),P(T(E1),J(+ 0 s+.100,+1 ))))));
JOE2,Sum( 1 ,CE2));
CE2A2,Q(PRC(-1,Sum( 1 ,CA2)),T(COE2)))s
>E2B2,Q(PRC(-1,Sum( 2 ,CB2)),T(COE2)));
JOE2,Q(PRC(-1,Sum( 20 ,C2)),T(COE2)));
OPC(¢CE2A2 _.j> CE2A2); FLOPC(<{ZCE2B2 =},CE2B2);
OPC(¢COE2 =},COE2);
(CA2[ 1 ],PRC(RHO x g,P(T(CZ2A2),J(1,0))));
(CB2[ 1 LPRC(RHO x g,P(T(CZ2B2),J(1,0))));
(C2[ 1 ],PRC(RHO x g,P(T(C0Z2),J(1,0))));
(C2[ 2 ],PRC(OMEGA x OMEGAA( 1) X RHO,P(T(k1 2 ),
(T(A1 2 ),J(+.100,+1 .~ O M3
(C2[ 3 ]J,PRC(OMEGA x OMEGAA(-1) x RHO,P(T(k1 2 ),
(T(A1),P(T(B1),d(- © —.100,+1 ))))));
(CA2[ 2 ],PRC(OMEGA x RHO J- 0 ,-.200,+1 N)s
(c2[ 4 1,P(T(PST),J(-.100,+1 ,+ O ))),
(c2[ 5 ]PRC(OMEGA/}\( 1) x ETA,P(T(kl 4 ),P(T(A1 2 ),
0 —0200,+1 )3
02[ 6 ]PRC(OMEGA/M 1) x ETA,P(T(kl 4 ),P(T(A1),
(T(B1),J(-.200,+1 .-~ 0  DN));
(C2[ 7 ],PRC(OMEGAA-1) x ETA,P(T(kl 2 ),P(T(ml 2 ),
(T(A1),P(T(B1),J(-.200,+1 + O D)
(C2[ 8 ],PRC(OMEGAM-1) x ETA,P(T(kl 2 ),P(T(m1 2 ),
(T(B1 2 ),J(- O ,+.200,+1 )3
(CA2[ 3 ],PRC(ETA, P(T(k1 2 ),J(-.800,+1 ,~ O DK
(CB2[ 2 ],PRC(ETA,P(T(k1),P(T(m2),J(+ 0 ,+.400,+1 )))));
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ient Continuation of Calculation program;
T 9 1,PRC(ETA,P(T(1 2 ),P(T(PSD,J(+ 0 +.400,+1 )))))s
[ 10 ],PRC(ETA,P(T(k1),P(T(m1),P(T(PSI),J(+ 0 +.400,+1 N3
[ 11 ],PRC(OMEGAA(-1) x ETA,P(T(k1 4 ),P(T(AL 2 ),

0 ,—e400,+1 D)3
[ 12 1,PRC(OMEGAA(-1) x ETA,P(T(kl 2 ),P(T(ml 2 ),P(T(A1),
B1),J(-.200,+1 .+ O NN ‘
\[ 13 ],PRC(OMEGAA(-1) x ETA,P(T(k1 4 ),P(T(A1),P(T(B1),
500,+1 ,+ 0 D)5 " \ .
[ 14 1,PRC(OMEGAM-1) x ETA,P(T(k1 2 ),P(T(ml 2 ),P(T(B1 2 ),

0  ,+.200,+1 N3 ‘ '
)[ 15 ,PRC(OMEGAA(-1) x ETA,P(T(k1 4 ),P(T(B1 2 ),

0 o+.200,+1 )))))s - ‘ \
)[ 16 ,PRC(OMEGAA(-1) x RTXGAMMA/(a+c0),P(T(k1 3 ),P(T(A1),
E1),J(- 0 o—.100,+1 )))))3 ‘ ‘ ‘
2[ 17 ],PRC(OMEGAA(-1) x RTXGAMMA/(a+c0),P(T(k1 3 ),P(T(B1),
E1),J(-.100,+1 ,+ 0 ~ N)))s ‘ ‘
A2[ 4 ],PRC(SIGMA,P(T(k1 2 ),P(T(CZ2A2),J(+.400,+1 ,- O DK
32[ 3 ],PRC(SIGMA,P(T(k1 2 ),P(T(CZ2B2),J(+.400,+1 .-~ O IMNE
[ 18 ]J,PRC(SIGMA,P(T(k1 2 ),P(T(COZ2),J(+.400,+1 ,- 0O )HE
ff11,Sum( 4 ,CA2)); '
£f12,Sum( 3 ,CB2));
ff13,PRC(-1,Sum( 18 ,C2)));
3C(4coeffll =},coeffl1); FLOPC(dcoeffl2 =},coeff12);
2C(fcoeffl3 =},coeffl3d); '
2[ 1 1,PRC(OMEGAA(-1) x (a+c0) x (a+c0) x D,P(T(k1),P(T(mul 2 ),
‘A1), P(T(E1),J(+ O W+.100,+1 )N ‘
2[ 2 ],PRC(OMEGAA(-1) x (a+c0) x (a+c0) x D,P(T(k1),P(T(mul 2 ),
'B1),P(T(E1),J(+.100,+1 + O DINIHE ‘
A2[ 1 ]1,PRC((a+c0) x (a+c0) x D,P(T(mu2),P(T(CE2A2),J(1,0)))))s
B2[ 1 1,PRC((a+c0) x (a+c0) x D,P(T(mu2),P(T(CE2B2),J(1,0)))));
[ 8 ],PRC((a+c0) x (a+c0) x D,P(T(mu2),P(T(COE2),J(1,0)))))s
[ 4 ],PRC((a+c0) x (a+c0) x D,P(T(k1),P(T(CST1),J(1,0)))))3"
E 5 %,PRC((MCO) X (a+c0) x D,P(T(mul),P(T(CST1),J(1,0))))s
6 1,
[ 71

PRC((a+c0) x (a+c0) x D,P(T(m1),P(T(CST2),J(1,0))));
PRC((a+c0) x (a+c0) x D,P(T(mul),P(T(CST2),J(1,0)))));3

2[ 8 ],PRC(OMEGAA(-1) x (a+c0) x (a+c0) x D,P(T(k1 3 );P(T(Al).
(E1),J(+ 0 ,+.100,+1 ))))); “

2[ 9 1,PRC(OMEGAA(-1) x (a+c0) x (a+c0) x D,P(T(k1 3 ),P(T(B1),
(E1),J(+.100,+1 -~ O s ‘ ’

2[ 10 ],PRC((a+c0) x D,P(T(mul),P(T(E1 2 ),J(+.200,+1 + O IN)s
2[ 11 ],PRC(OMEGAA(-1) x GAMMAXxcO0x(a+c0),P(T(k1 4 ),P(T(A1 2 ),
0 ,+.300,+1 )3 ‘ ' '

2[ 12 1,PRC(OMEGAAM-1) x GAMMAxc0x(a+c0),P(T(k1 4 ),P(T(Al),

(B1),J(+.400,+1 ,— 0 ~ )3 ‘ ’

2[ 13 J,PRC(OMEGAM-1) x GAMMAxc0x(a+c0),P(T(k1 2 ),P(T(m1 2 ),
(A1),P(T(B1),J(+.200,+1 ;= O N ’ ‘ ’
2[ 14 ],PRC(OMEGAA(-1) x GAMMAXxc0x(a+c0),P(T(k1 2 ),P(T(m1 2 ),
(B1 2),J- 0 ,—.200,+1 N3 ‘ ' ’
A2[ 2 1,PRC(GAMMAxcO0x(a+c0),P(T(k1 2 ),J(+,400,+1 ,+ O N3
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nment Continuation of Calculation programs;
(CB2T 2 1,PRC(GAMMAxc0x(a+c0),P(T(k1),P(T(m2),
- 0 =0 200,+1 ));:
(C2[ 15 1,PRC(GAMMAxc0x(a+c0),P(T(k1),P(T(m1),P(T(PSI),
- 0 .200,+1 D)3
(C2[ 16 ]PRC(GAMMAx<:0><(a+co) P(T(k1 2 ),P(T(PSI),
0 = 200,+1 )3
(cz[ 17 1,PRC(OMEGAM-1) x GAMMAxcOx(a+c0),P(T(k1 4 ),
(T(B1 2 ),J(- 0 .100,+1 )3
(C2[ 18 ]PRC(GAMMAx(2><00+a) P(T(k1 2 ),P(T(A1),P(T(E1),
+,100,+1 ,+ O N
(c2[ 19 ]PRC(GAMMAX(2x00+a)QP(T(kl),P(T(ml),P(T(Bl),P(T(El),
- 0 .100,+1 )N
(c2[ 20 ]PRC(OMEGA X OMEGAA(-1) x GAMMAXxa,P(T (k1),P(T(mul),
(T(A1),P(T(E1),J(-.1004+1 ,+ O DHN)s
(c2[ 21 ],PRC(OMEGA x OMEGA/}\( 1) x GAMMAxa,P(T(k1),P(T(mul),
(T(B1),P(T(E1),J(+ © ,+.100,+1 )IN))s
(CA2[ 3 ],PRC(OMEGA x GAMMAxa,P(T(CE2A2)
+ 0 ,+.200,+1 )3
(cB2[ 3 ],PRC(OMEGA x GAMMAXa,P(T(CE2B2),
+ 0 ,+.200,+1 D))
(C2[ 22 ],PRC(OMEGA x GAMMAXxa,P(T(COE2),J(+ 0 »+.200,+1 )).
(C2[ 23 ],PRC(OMEGA x GAMMAXa,P(T(CST1),J(+ 0 ,+.200,+1 )))
{cz[ 24 1,PRC(OMEGA x GAMMAXa,P(T(CST2),J(+ 0 ,+.200,+1 )))
(C2[ 25 ],PRC(GAMMAXa,P(T(k1 2 ),P(T(A1),P(T(E1),
+,100,+1 ,+ 0 INNE
cz[ 26 ]PRC(GAMMAxa P(T(k1), P(T(ml) »P(T(B1), P(T(E1),
0 .100,+1 ))))))),
Cz[ 27 ]PRC(GAMMAXa P(T(k1),P(T(mul),P(T(A1),P(T(E1),
-.100,+1 ,+ 0 »)»)L
‘c2[ 28 1, PRC(GAMMAxa,P(T(kl) P(T(mul),P(T(B1),P(T(E1),
+ 0 o+ 100,4+1 I
:oeff21,Sum( 3 ,CA2));
r0eff22,Sum( 3 ,CB2));
r0eff23, PRC(-1,Sum( 28 ,C2)));
OPC({coeff21 icoerfﬂ) FLOPC({coeﬂzz =},coeff22);
OPC(<coeff23 coeff23):
nment From the label CALCULATION until so far this program
“besides slight differences concerning the lay-out, constructed
the Second order program. Finally A2 and B2 are calculated;
PSL,S(P(T(coeff1l),T(coeff22)),PRC(-1,P(T(coeff12),T(coeff21)))));
&2,Q(S(P(T(coeff13) T(coefi22)), PRC(-1,P(T(coeff12) T(coeff2‘3))))
'PSD))); FLOPC(HA2 =},A2);
32,Q(S(P(T(coeffil), T(coeff23)) PRC(-1,P(T(coeff13),T(coeff21)))),
PSD)); FLOPC(B2 =},B2); RUNOUT
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