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Algebraical loop is ment a closed loop, which contains 

inverters ( a d d e r s ) and potentionmeters only. E.g. the program 

diagram in the Fig.l for solving of the system of the linear 

a u 

algebraical equations 

a21 Xl + a22 X2 = b2 

(1) 
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programmed in the form 

b. 
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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
e
l the general gain is 

a
22 

11 
a
ll 

the gain of the loop in the Fig.2 is S = l<
1
l<

2
<?C . Two cases are 

needed to distinguish 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. 

The number of inverters 
in the loop 

3 

5 

7 

even 

reai 

7 

3 

2 

0,98 
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Algebraical loops are often occured during solving of 

differential equations. E.g0 the system of the differential 

equations is given 

a2y£ + a l Y l + a0y1+ b2y£ + b ^ + bQy2 « 0 (2) 

c2y£ + clYl + c0y1+ d2y^ + dlY2 + dQy2 » 0 

with initial conditions y1(Q), y1(0), y2(0), y2(Q). 

The decesion which variable from which equation will be counted 

is not unambiguous. We will count e.g0 the quantity y± from the 

1st equation of the system (2 ) and the quantity y2 from the 2nd 
one, i.e. 

a2y£ = -alVl - aoYl - b^ - \y'z - bQy2 (3) 

d2y2 = -d l Y 2 - dQy2 - c2y£ - c i y i - c ^ . 

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
2
c2 

theor ™ a2d2 " ' * ' 

In the case that we will count the variable y2 from the 

1st equation of the system (2) and the variable y,, from the 

second equation, i.e. 

b2y2 = - V 2 - bQy2 - a2y^ - a ^ - a ^ (5) 

c2y£ = -c l Y l - c o Y l - d2y2 - dlY2 - d0y2 
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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 

a2°!2 D2 C2 S0 = • . if in the first case the gain S., = • •• y 1 , then <L D 2 c 2 l a 2d 2 

1 S 2 = ~"s~" ̂  ^ a n c l t n e a J - 9 e D r a : L C a - - loop is stable. If the system 
1 

(3) is programmed with the scale ratios M« respectively M 2, i.e. 

Y p ) • M 1 y ^ ^ f YI*" • M ? y ^ ^ the system (3) has form 
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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 

S = 
м 2 M l 

i. 5T 
1 M 2 

75 

b 2 c 2 

( 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. y|n) = Mn Y^n\ y^n^ = Mn Y^n^, system (3) 

has form 

a2M
2Y£ = -a1MY* - aQY^ - b2M

2Y£ - b^MY* - bQY2 (8) 

d2M
2Y^ = - d lMY 2 - d0Y2 - c2M

2
Yi - ClMY*- - c ^ . 

Program diagram for the system (8) correspond to (except 

coefficients and initial c o n d i t i o n s ) the program diagram in 

the Fig.3. The gain of the algebraical loop is in this case 

b Q M 2 c Q M 2 b e 
S = 2 2 = JL-L . (9) 

a£T6£T a 2 d 2 

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 y'J and by substitution into the second equation we will 
get 

a2yi
 + alyl + a0yl + b2y2 + bly2 + b0y2 = ° (l0) 

C2 4 (" 3 l Yl " a 0 Y l " b2Y2 " blY2 " b0 Y2 } + 

+ clYl + c0yi
 + d2y2 + dly2 + d0y2 = ° 

after modification 

a
2Yl

 + alVl + a0*l + tyS + blV2.+ b
0V 2 = 0 (11) 

(Cl - - | a l ) y i + (c0 - c 2 i £ ) y i + (d2 - c2 -.£)y2 + 

b •* 
+ ( d i - c2 i7)y2

 + <d0 1 a2"ï 

2 6 0 



The program diagram for solution of the system (11) is in the 

Fig.5o The system is progrәmmed in the form 

a2y£ = -a l У
* - a

Q У l
 - Ь

2
y

2
 - b^y* - b

Q
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 b± b
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2 i 7 ) y

2 - (do - c2 І^)Y 2 -
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a
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c
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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 

a

2
 4

 (
" °lYí " coyi " d

2
y
г "

 d
i

y

2
 "

 d
oY

2
)
 + aiYÍ + 

+ a
o У l

 + b
2
y^ + b

l У
^ + b

0
y

2
 = 0 

c

2YЇ + c iУ Í + co y i + d
2Y2

 + d iУ 2

 + , d o y

2 = ° • 

(12) 

after modification 

(a. 
2 1 

T 7 ) У 1 + ( a o 
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a^d^ 
+
 (

b
l - 4 ^ 2

 +
 (

Ь
C 

Ә
2

d
0^ 

-cт-)ү2 = ° 
(13) 

c

2
Yi

 + c
lYi

 + c

0
Yl

 + d

2
Y

2

 + d
lY

2

 + d

0
Y

2
 = ° ' 

The system (13) has except coefficients identical form as the 

system (11), its program diagram correspond to in an formal 
w a
Y the program diagram in the Fig.5, where algebraical loop 

doesn't occur. 
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Summary 

In the work there is inquired into a possibility of re­

moving of disadvantegenous amplification of loop with the 

transformation of variables. 

Souhrn 

ALGEBRAICKÉ SMYČKY A TRANSFORMACE PROMĚNNÝCH 

V práci je zkoumána možnost odstranění nevýhodného zesíle­

ní smyčky transformací proměnných. 
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Р е з ю м е 

АЛГЕБРАИЧЕСКИЕ ЦИКЛЫ И ПРЕОБРАЗОВАНИЕ ПЕРЕМЕННЫХ 

В работе исследована возможность устранения невыгод­

ного цикла преобразований переменных. 
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