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Algebraical loop is ment a closed loop, which contains
inverters (adders) and potentionmeters only. E.g. the program
diagram in the Fig.l for solving of the system of the linear

1
( )I4 | - X4

Ay

py ag | - Xz
CET) a
/"L Qqy
Qg
algebraical equations
X = 1
ag1%y * 21p%p = Py 1)
8p1%1 * 8%y = b,



programmed in the form
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contains the algebraical loop. These algebraical loops used to
be very frequently unstable. The general gain S of disjoin loop
is the decisive criterion for stability of loop, in the case of
the Fig.1l the general gain is

the gain of the loop in the Fig.2 is S = klkzd . Two cases are
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needed to distinquish for the first criticism of stability of
an algebraical loop according to the number of inverters or
adders in the loop. If even number of these units is included

in the loop then the border of stability is S, . =1 with

maximum theoretical gain. Algebraical loops containing odd ¢
number of inverters or adders would be stable in every case
with using ideal computational units. The actually border of
stability e.g. for the computer MEDA 41TA is following as to
properties of real units.
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Algebraical loops are often occured during solving of
differential equations. E.g. the system of the differential
equations is given

ayyy * alyi + agyy* boys +,b1yé + boy2 =0 (2)

coyi * clyi * cgy t dyys ¢ dlyé + dgy, = 0

with initial conditions yi(o), Y1(0) yé(o), Y2(0)*

The decesion which variable from which equation will be counted
is not unambiguous. We will count e.g. the quantity 21 from the
l1st equation of the system (2) and the quantity Yo from the 2nd
one, i.e,

1

ayY1 "33y = @Yy ~ Pyyz = byyy - bgy, (3)

doyz = -divp - dgyp, - Sy =Yg < SgYp -

The program diagram for the solving of the system (3) is in the
Fig.3. It contains the algebraical loop with even number of
adders or inverters. Theoretical border of stability of this
loop is given by maximum theoretical value of the gain of the
loop, i.e.
b,c
Stheor = EEHE = 1. (4)
&

In the case that we will count the variable Yo from the
1st equation of the system (2) and the variable y, from the
second equation, i.e.

boys = =Pyvy = by, - ayyy - agyy - agyg (3)

. -

Co¥i = =C1yp - Cg¥q = dpvz - dyvp - dgy,
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we will receive corresponding program diagram according to the
Fig.4. Algebraical loop doesn’t disappear, but it has the gain

ady bycy
32 = EEEE . If in the first case the gain S, = 5;3; 21 , then

S, = J%— < 1 and the algebraical loop is stable. If the system
1

(3) is programmed with the scale ratios My respectively Mo, i.e.

Yij) = Mly(j)' ng) = széj) the system (3) has form
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a a
2 1 .. 0 2 e 1 .. 0
I S R -V N VS Y (6)
Ml 1 Ml 1 Ml 1 M2 2 MZ 2 M2 2
SE = - El Yo - EQ Y. - EE Y- Ei 2 Sg Y
M2 M2 2 M2 2 Ml Ml 1 M1 1

Program diagram for system (6) is identical (except extent of
the coefficients and initial conditions) as for the system (3)
in the Fig.3. Extent of the gain of the algebraical loops is

C2 2
My My byc,
S = - 32 d2 = 82d2 . (7)
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The extent of the loop doesn’t change by amplitude of the trans-
formation.

If we program the system (3) with time scale change with
coefficient M, i.e. yin) =M" Yén), yén) =M" Yén), system (3)
has form

200 _ _ . . 2gu _ .

a MYy = -3 MY] - agY; - bMTYL - by MYZ - boY, (8)
dM2YE = —d MYD - d Y. - c M2Y! - c MY! - c.Y

2" 2 1772 o'2 20 1 1 o'1 *

Program diagram for the system (8) correspond to (except
coefficients and initial conditions) the program diagram in
the Fig.3. The gain of the algebraical loop is in this case

. . szzczMz _ b )
ayM d2M a2d2

The gain of the loop doesn”t change by time scale change, too.

We can remove the algebraical loop by the following way:
from the first equation of the system (2) we will compute quan-

tity vy and by substitution into the second equation we will
get

ayy;y + alyi +agyy * byys + biyé + bgy, =0 - (10)
c, = (- ! a b,y b,y b
2 5, (721Y1 = %Y1 = Pp¥z = Py - BoYp)

+ CqYq * Cgyq * dzyé + dly2 + doy2 =0

after modification

a,yy * 31Y1 * agyq * bzyé + b1y2'+ boy2 =0 (11)

°2 . 8o ‘ 2
(c1 - 52 al)Y:L + (CO = 02 E—Z-)Y:L + (d2 - 02 'a;)Yél +

by . bo
+ (d1 - cy Eg)yz + (dO - cy gz)yz =0 .
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The program diagram for solution of the system (11) is in the
Fig.5. The system is programmed in the form

3y = -81Y1 < 8g¥y ~ Pyv; - byy, - bgy,
b b b
2. . 1. . 0
(dp = ¢y 32)yz = =(dg = ¢ 37)y, = (dg = ¢ o)y, -
2 1 2
C a

2 . 0
- (eq - E;al)yl - (cg -y E;)Vl :

algebraical loop doesn’t occur in the program diagram. We would
reach to the similar result, if we computed for example the
quantity y{ from the second equation of the system (2) and
substituted into the 1st equation of the system, we get

8 g; (- cqvy = Covy - Gpv3 - dyyy - dgvp) +oagyp *
*agyy + boyy ¢ blyé + byy, = 0 (12)
Cp¥ * CyYy * Cg¥y * dpvp + dyyy +dgy, = 0,
after modification
8% . 82%0 259
(ag - <, )yg + (ag - <, Yy + (by - S, )Ys *
+ (by - Eégi)yé + (by - f%—:-g)y2 =0 (13)

.

czyi + Cyy; * Cayq * dzyé + dly2 + dOy2 =0 .

The system (13) has except coefficients identical form as the
system (11), its program diagram correspond to in an formal

Way the program diagram in the Fig.5, where algebraical loop
doesn’t occur.



Summary

In the work there is inquired into a possibility of re-
moving of disadvantegenous amplification of loop with the

transformation of variables.

Souhrn

ALGEBRAICKE SMYCKY A TRANSFORMACE PROMENNYCH

V préci je zkouména mozZnost odstranéni nevyhodného zesile-
ni smyéky transformaci proménnych.
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Pespopue

AJTEBPAMYECKME LMKJH ¥ NPEOBPA30BAHME NEPEMEHHHX

B pefoTe MCCAENOBEHE BOBMOXHOCTb YCTDPAHEHMS HEBHION-
HOro LUMKA8 npeo6pesoBeHM? MepeMeNHHX.
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