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D e sc r ip t ion

An automat ic  system is  def ined as a  system which automat ica l ly  analyzes prob lems

per ta in ing to  so-ca l led parameter  opt imizat ion such as prob lems of  boundary  va lue,  .
ex t reme va lue,  e tc .  which in  the past  usual ly  had to  be so lved by a  t r ia l  method when

us ing  conven t i ona l  ana logue  compu te rs .  I n  t h i s  sys tem,  a  d i g i t a l  l og i c  e l emen t  i s  added  to

the analogue computer .  Wi th  th is  ar rangement ,  i t  i s  poss ib le  to  analyze those compl icated

prob lems,  and the var ious set t ings and cont ro ls  which have been convent iona l ly  per formed

unde r  manua l  ope ra t i ons  can  now  be  pe r fo rmed  au toma t i ca l l y ,  t he reby  i nc reas ing  t he  f unc -

t iona l  capabi l i ty  o f  computat ion.  The method of  programing to  which th is  system is

appl ied is  ca l led Automat ic  Programing.  I t  has been sa id  that  obta in ing an in i t ia l  va lue or

unknown coef f ic ient  to  have a g iven equat ion sat is fy  the ra ted boundary  condi t ions is  some-

how t roub lesome  and  even  t ime  wa i s t i ng .  Unde r  an  au toma t i c  sys tem,  ho "veve r ,  t he

en t i r eLy  mechan i ca l  ope ra t i on  ( ca l l ed  T r i a l  Me thod )  wh i ch  was  conven t i ona l l y  pe r fo rmed  by

human be ings is  now ent i re ly  per formable by an automat ic  system.  For  example,  when

dec id ing a unknown parameter  inc luded in  an equat ion by boundary  condi t ions,  the parameter

i s  p rope r l y  and  t empora r i l y  dec ided ,  compu ta t i on  i s  pe r fo rmed  based  on  t he  t empora ry

parameter ,  the d i f ference between the resu l ts  o f  the computat ion and the boundary  va lue is

de tec ted ,  t he  pa rame te r  i s  au toma t i ca l l y  co r rec ted  by  t he  compu te r  i t se l f  w i t h  a  p rope r

eva luat ing funct ion,  and the computat ion is  reper formed.  The va lue of  the parameter  is

gradual ly  converged to  the t rue va lue by repeat ing such operat ions as descr ibed above.

Howeve r ,  when  pe r fo rm ing  p rog ram ing  t o  wh i ch  t h i s  au toma t i c  sys tem i s  app l i ed ,  some

bas i c  know ledge  pe r ta i n i ng  t o  t he  l og i c  ope ra t i on  c i r cu i t  on  an  ana logue  compu te r  i s  r e -

qu i red .  A t  t he  same  t ime ,  i t  mus t  be  so  remembered  t ha t  a  cons ide rab l y  h i gh  p rog ram ing

technique is  requi red when numbers o f  unknown parameters  are invo lved.  The fo l lowing

are analys is  examples ach ieved by var ious so lu t ion method.  In  the fo l lowing examples,  an

equat ion o f  a  boundary  va lue hav ing on ly  one var ia t i .on is  used.

(  Example)

y " + a Y ' + 4 Y = 0

Obta in ing va lue of  "a"  wi th  which the fo l lowing condi t ions are sat is f ied:

v  - -  0 . 5 ,

y  - -  0 . 1 ,

(Solut ion)

w h e n  t = 0

w h e n  t  =  t '

Y t = 0

Y r = 0

(  1)  Manual ly  cor rect ing operat ion

(Tr ia l  method)

In  F ig .  1 .  1 ,  b l ock  d iag ram,

through computations one bY
the va lue of  "a"  is  sought  by a  t r ia l  and er ror  method

one .

Block Diagram by Tr ia l  MethodF i g .  1 .  1
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( 2 )  N le thoc i  i n  u ' h i ch  an  au toma t i c  sys tem i s  used .

I n  t h i s  me t l t oc l ,  a  compu t i ng  g roup  t o  co r rec t  pa rame te r  i s

t he  ma in  com l tu t i ng  g rouP .

\ \ I hen  an  ana logue  compu te r  r vh i ch  has  h igh  speed  repe t i t i ve  ope ra t i on  capab i l i t y  i s

uSed ,  soh , i . ng  a  p rob lem i s  poss i . bJ .e  even  f o r  2  t o  3  pa rame te rs .  Hou 'eve r ,  u ' hen

emp loy i r r g  a  l ou ' - speed  t ype  ana logue  compu te r ,  so lu t i on  o f  mu l t i p l e  va r i a t i ons  i s

p r a c t i c a l l y  i m p o s s  i b l e .

I

r equ i red  i n  add i t i on  t o

A g roup
L

0 . 2
B, runda  r r
v a  l u e

B  g r o t r p

F ig .  I . 2  B lock  D iag ram in  $ ,h i ch  Au toma t i c  sys tem i s  App l j . ed

In  F ig .  1 .2  above ,  t he  compu t i ng  modu les  r vh i ch  be long  t o  t he  A  g roup  co tnpose  t l r e

ma in  compu t i . ng  c i r cu i t  wh i ch  reso l ves  t he  g i ven  equa t i on ,  and  t he  B  g roup  i s  a l l

a u x i l i a r y  c o m p u t i n g  c i r c u i t  w h i c h  p e r f o r m s  c o r r c c t i n g  o f  p a r a m e t e r  " a " .

Moc le  con t ro l s  o f  t he  A  and  B  g roups  can  be  made  i ndependen t l y ,  and  uode  co l l t r o l s

o f  t he  t hese  t r vo  g roups  pe r ta i n i ng  t o  t h i s  cqua t i on  a rc  dec ided  as  shou ' i r  i n  t he  t ab ie

i r r  F i g .  1 .2 .  Mo re  spec i f i ca l l y ,  r vhen  s ta r t i ng  compu ta t i on ,  t he  va lue  o f  t he  pa ra -

me te r  "a "  i s  he ld  t o  any  des i red  vaLue  ( ze ro -vo l t  i n  t h i s  case ) .  a r l d  t l . r e  - \  g roup  i s

compu ted .  Ncx t ,  t he  A  g roup  i s  t empc ra r i l y  hcJ .d ,  t l - r e  d i f f c ' r c l l c c  bc tn ' een  t he  va lue

o f  t he  he l -d  " -2y "  and  "+0 .2  (+20V)  - -  t he  bounda ry  va lue  - -  i s  de tec tec i  by  su ln l r l e r

"A03" ,  and  t h i s  va lue  i s  co r rec ted  and  i n teg ra ted  by  t he  i n teg ra to r  un i t  "A04 " .

A f t e r  i n teg ra t i ng  f o r  a  ce r ta i n  t ime ,  "a "  i s  he ld  aga in ,  and  t he  A  g roup  pe r fo r t ns

c o m p u t a t i o n  f o r  a  " 1  , "  s e c o n d  a g a i n  b a s e d  o n  t h e  n e r v l y  c o r r e c t e d  v a l u e  o f  " a " .  A s

desc r i bec l  above ,  l ow-speed  compu ta t i ons  a re  repea tec l ,  and  t he  f i na l  va lue  o f  " a "

w i l L  be  ob ta ine .d .

R :  R e s e t

C :  C o m p u t e

I  T :  I lo lc l

- 2 -



Now, re fer r ing to  the terminat ions on the patch board '  how to  prepare a  log ic  con-

t ro l  mode is  exPla ined be low'

For B. group integrator

unit control

When Mode Contro l  (MC) is con t ro l l ed  bY  t ime r  TM-2511

For  A grouP in tegrator

unit control

I

( 3) SamPle hold sYstem

sampre Hold Dev ice ( i t  is  poss ib le  to  assemble th is  dev ice on a patch board by us ing

general purpose ampli f ie".) i"  employed in this system, combined with a repeti t ive

operat ion for  hav ing a cor rect ing operat ion '

The f low chart is a shown below'

F i g .  r .  4 Automat ic  Operat ion by Sample Hold 'System

- 3 -

R

C
MM

C
C

0G--o-\s
nYr.r ourn ouif
rCF-O-
2G--G-

Changing parameter Low-speed oPerat ion group

( fo r  chang ing  Paramete r )

H igh -speed  rePe t i t i ve

operat ion group

y*  a i *  4  Y :0

(Mul t ip l ier  output)

Samp l ing
c  i r cu i t



The  fea tu res  o f  t h i s  sys tem a re  t ha t  speed  ava i l ab le  t o  app roach  an  unkno rvn  pa ra -
me te r  i s  ex t reme ly  h i gh  ( s i nce  t he  ma in  ope ra t i ona l  g roup  i s  ope ra ted  unde r  h i gh
speed ) ,  and  t ha t  a  l og i c  c i r cu i t  can  be  es tab l i shed  compara t i ve l y  r a the r  s imp l y  by
us ing  a  spec ia l  un i t  i n  t he  po r t i on  enc i r c l ed  by  a  do t t ed  l i ne .  I t  may  be  s l i gh t l y  I

comp l i ca ted ;  howeve r ,  &  c i r cu i - t  d i ag ram when  a  samp l i ng  ho ld  un i t  i s  assemb led
o n  a  p a t c h  b o a r d  i s  s h o w n  i n  F i g .  1 . 5 .

S a m p l e  h o l d  c  i r c u  i t

0.01p

r00K

0.  1 -0 .2
Abso  lu te  va  lue  c  i r c  u  i t

A  :  H igh -speed  repe t i -
t i v e  o p e r a t i o n

B.C :  Compute

F i g .  1 .  5 Program Ut i l i z ing Sample Hold Ci rcu i t

+ l

0 . 2

lgIN -[ia,- rofN lzv] I
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2 .  L o g i c  O p e r a t i o n  C i r c u i t

Bo th  desc r i p t i on  and  t ypes  o f  bas i c  l og i c  c i r cu i t s  used  i n  au toma t i c  p rog ram ing  a re
l i m i t e d  i n  s o m e  r a n g e s ,  a n d  t h e y  c o n s i s t  o f  s e v e r a l  k i n d s  o f  m e m o r y  e l " - " n t "  ( m a i n l y  i n t e -
g ra to rs ) ,  a  ope ra t i on  con t ro l  c i r cu i t ,  a  r e l ay  c i r cu i t ,  and  so  on .

2 . I  M e m o r y  e l e m e n t

(  1 )  T rank  ho ld

In  t h i s  ho ld  sys tem,  t he  IC  i npu t  t e rm ina l  o f  t he
de lay  c i . r cu i t ,  and  t h i s  sys tem has  t he  f unc t i ons

in teg ra to r  i s  u t i l i zed  as  a  p r ima ry
shown  i n  t he  f o l l ou ' i ng  d iag ram.

RESET I
Track  i j  T rack  j O L D

( 2 )  Samp le  ho ld

In  th is  system,  there are two d i f ferent  ways to  compose the c i rcu i t .  One is  exact ly
t he  same  as  t he  t r ack  ho ld  as  f a r  as  t he  c i r cu i t  i s  conce rned .  Howeve r ,  se t t i ng  can
be made f ree ly  by combin ing an in tegrator  and operat iona l  impedance.  Moreover ,  a
s imi lar  c i rcu i t  can be composed by combin ing an inver ter  wi th  a  re lay.  The re la-
t ions between operat ion mode and the sample/ho ld  are sho, ,vn be low.

Fol l r r ' -up I \ l e m o r . i z e

Integra tor COMPUTE HOLD

I n l e t e r R e l a v  O N R  e l a v  O F F

Sample Hold Ci rcu i t

- 5 -
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waveform
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The other sample hold circuit is shown in Fig.
two summers are used. However,  operat ions
MEMORY) are the same,

2.3, in which one integrator unit  and
(COMP -  FOLLOW-UP and HOLD-

0.01t

Fig.  2 .3  Sample Hold Ci rcu i t

In this diagram, the fol low-up t ime constant is 0.001S; thus, i t  should be noted that

the hold characterist ics become unsatisfactory when this' t ime constant is excessively

reduced. In addit ion to the above, a sample hold can be performed simply by using

an e lect ron ic  swi tch,  Type CP-153,  High-Speed Comparator .

(3) Maximum value holder

In this circuit ,  maximum value of the input signal can always be obtained on the output

by applying a signal to the input. For example, when a signal as shown in Fig. 2.a@'l

is appl ied to the input, the output waveform appears as shown in (b). Also, there

are three dif ferent ways in which the method can compose this circuit ,  as i l lustrated

i n  F i g .  2 . 5 ( a \ ,  ( b ) ,  a n d  ( c ) .

T
waveform

T
waveform

F i g .  2 . 4 Input and Output of
Maximum Value Holder

Xmax

Fig.  2 .5(a)  Maximum Value
Holder Circuit

I

I
I
I

F ig .  2 .5 (b )  Max i rnum Va lue
Holder  Ci rcu i t

F ig .  2 .  5(c)  Maximum Value
Holder  Ci rcu i t

Output

- 6 -

Xmax



:
2,2 Logic  c i rcu i t  for  operat ion cont ro l

The methods of control l ing repeti t ive operation can be classif ied into the fol lowing

three types:

Method us ing a t imer

Method using a digital logic Panel
Method combining a DC ampli f ier and a comparator

The method in which a t imer is used is extremely simple; consequently, in this manual,

only the remaining two methods wil l  be explained'

(1 )  Rese t - t  r  - s€cond  and  Comp- t z - second  Repe t i t i ve  Ope ra t i on

Reset  t ime cannot  be f ree ly  set  on TM-253 t imer .  However ,  i t  i s  poss ib le  when a

TM-Zb1 t imer  is  used.  When no TM-251 is  ava i lab le ,  both  Reset  and Comp t imes can

be made into a freely independent variable by using a potentiometer and employing the

c i rcu i t  i l lus t ra ted in  F ig .  2 .7 .  Repeat ing ca lcu la t ions are s tar ted as soon as the

funct ion swi tch is  set  f rom RESET to  START.

COMPUTE

RESET

Funct ion swi tch

(  a )

0

Relay operat ion
l r l

r ^ r r 7 r l
; )econiii+ IV --)Fr- 

7
l\1 |  Secondl \

1 t l l
F- * Second+1

RESET ICOMPUTEI
r l

t o N l
t , l

( b )

RESET

OFF

lcorurrurEl
t t

i O N l
l - L l

RESET

OFFOFF

Fig.  2.7 Reset Comp Repet i t ive Operat ion Control

+

REST

- 7  -



(21 Reset - t1 ,  Comp- t2 ,  Ho ld- te  Secon

With this logic circuit, i t is possible
Hold; also it is feasible to freely set

*  Wir ing of  1 (Refer to Fig.  2.7 and

Repetive Operation

to perform repetit ive
the individual control

Fig.  2.  Bl

operat ions of  Reset-Comp-
mode t imes.

I 100.8.g
r0 1000

o o

c J l 0  1 0  1

a . o  o  (
S J \  1  I
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I
J

RESET

START

K, /K' Sec.
K, -KrlK' Sec'
I -K. /K' Sec.

HOLD

COMPUTE

RESET

RESET TIME
COMPUTE TIME
HOLD TIME

t1 :
t z :
t 3 :

RESET Sig.

COMPUTE Sis.

HOLD Sig.

F i g .  2 .  B Reset-COMP-Hold Repet i t ive  Operat ion Logic

Ci rcu i t  and Operat ing Pr inc ip le  Diagram

The cont ro l  is  s tar ted as soon as the funct ion swi tch is  set  to  START in  th is  theoret ica l

c i rcu i t ,  in  a  manner  ident ica l  to  (1)  above.

The ind iv idua l  mode t imes are shown above.

t

t

t

t

r----1-' - - _ J _ _

i r

- 9 -



r

( 3 ) Logic  Ci rcu i t  for  Repet i t ive  Operat ion

Using t ime is decided through a combination of counter, logic gate and f l ip-f lop; and by

operating the r ing counter, dif ferent controls having any desired t ime width within ten

types can be produced.  Dec id ing the ind iv idua l  cont ro l  t imes:

Set t ing T ime Tota l  T ime Necessary Operat ion

0 0 . 1 6  S e c o n d 0 . 1 6  S e c o n d MAIN RESET
I 0 . 2B  Second 0 . 44 Second MAIN COMPUTER
2 0 . 0 5  S e c o n d 0 . 4 9  S e c o n d MAIN HOLD
3 0 . 2 t  S e c o n d 0 . 70  Second B GROUP COMPUTE
4 0 . 33  Second 1 . 0 3  S e c o n d B GROUP HOLD
5 0 . 1 0  S e c o n d 1 . 13  Second MAIN RESET
6 0 . 26 Second 1 . 39 Second MAIN COMPUTE
I 0 . 38 Second L . 7 7  S e c o n d MAIN HOLD

8 0 . 1 5  S e c o n d 1 .92 Second C GROUP COMPUTE
a 0 . 0 5  S e c o n d 1 .  9 7  S e c o n d C GROUP HOLD

- 1 0 -



COUNTER O
CLOCK
l0ms

COUNTER I

COUNTER 2

0

C
Io 2o

4o

o

5o 6o Io
?*u
oout

C group COMPUTE

HOLD

COMPUTE

t.
E
I

L

-  1 1  -

RESET



f,

2 . 3

(  1 )

Other  log ic  c i rcu i ts  for  cont ro l l ing

The log ic  c i rcu i t  d iagram ind icated be low is
parameter .  The parameter  on th is  d iagram
operat ion.

so lve a  prob lem which has one unknown

continual ly changed during the logic

A t t

A R E S E T C O M P

B C O M P HOLD

circui ts is that ,  in Fig,  2. tL,  the change
of  the  A group;  bu t  in  F ig .  2 ,12 ,  the
value of  "k"  regardless of  the reset t ime

to
: ^
I b

B eroupj I

F ig .  2 .L t  Log i c  C i r cu i t  f o r  Pa rame te r  Change  (1 )

F ig .  2 .LZ  Log i c  C i r cu i t  f o r  Pa rame te r  Change  (2 )

The d i f ference between the above two log ic
in terva l  o f  c  is  a f fec ted by the reset  t ime
change interval of c is decided only by the
of  group A.

a in  Opera t ion  Gro

A group

Absolute u" lu"  g"n".u[ .  I

A t t

A R E S E T COMP

B HOLD COMP

C COMP HOLD

Main  Opera t ion  Group

A group

- 7 2 -



2.4 Logic circuit  for anatysis of boundary value equation

In most cases, a mult i-boundary value equation is perm.ited to the extreme
value by deciding a proper evaluating function. Thus, in this chapter, the logic circuit  is
observed by l imit ing problems to the boundary value with |  -  2 variables. The logic
circuits ut iLized in this type of equation analysis can be primari ly classif ied into the fol low-
ing three types:

( i)  Repeti t ive operation ut i l iz ing track hold
(i i )  Repeti t ive operation

(i i i )  Repeti t ive operation ut i l iz ing a prirnary delay network.

These three methods have both individual features and faults; therefore, the appro-
priate method should be applied after grasping a descript ion of the equation.
The fol lowing logic circuits have been devised in order to analyze an unknown parameter
automatical ly in such a manner that the boundary condit ion "y = y^" is satisf ied when t * t  r :

A t t r

A group RESET COMP

B group HOLD R E S E T

C group COMP HOLD

Absolute value
generator

C group

Fig.  2 .L4 Logic  Ci rcu i t  for  Analys is  o f  Boundary  Value Equat ion (1)

In  F ig .  2 .L4,  in tegrator  I ,  o f  the t rack ho ld  is  used for  the memory e lement .  Accord-
ingly, the t ime constant of integrator Ir  must be suff iciently smaller in comparison to that
of the main computing group.

t r l z t s

A group RESET COMP HOLD

B group HOLD HOLD COMP

Absolute value B
generatort - -

Logic Circuit for Analysis of Boundary Value Equation (2)

c
J I

:-l

Main Comput ing
GrouP

A group

---1 B grouP

Main comput ing
group

A group

F i g .  2 .  L 6

-  1 3  -



The features of this system are that no errors are made because the time constant of

the memory c i rcui t  does not af fect  the system ( in Fig.  2. t4,  the t ime constant af fects
operat ion),  and that the,number of  mode shar ing grouo of  integrators can be minimized.

Among these three types of logic circuits, the third one can obtain the converged value of a

with minimum error.

A t t r

A group RESET COMP

B group COMP HOLD

Fig.  2 .L7 Logic  Ci rcu i t  for  Analys is  o f  Boundary  Value Equat ion (3)

10 indicates that the integrating
t ime constant  is  10.

In this system, reset trangent voltage of integrator I  '  is integrated by integrator Iz

in the B group, and the parameter a is corrected. Integrator Iz corrects and integrates a

value in proport ional to the tolerance y-yt.  Both the COMP and RESET t ime constants of

i n teg ra to r  I r  a r€  0 .01  second .

In  compar ison wi th  F ig .  2 .L4,  th is  c i rcu i t  can be appl ied even in  the t ime constant  o f

y  is  cons iderab ly  smal ler .

The scope of appl icat ion of those three circuit  systems explained above dif fers individ-

ua l ly ,  depending on the wave forms of  the p lanned "y" .  Moreover ,  in  F igs.  2 . t4  and 2. t7 ,

because of repeti t ive operation control led by the t imers, suff icient consideration must also

be g iven to  the t ime-set t ing er ror  o f  the t imer .  Cal ibra t ion for  the set t ing t ime of  the t imer

with an osci l loscope or synchroscope is recommended) in the case of. a Z-point boundary

value question in which two unknown parameters are involved, analysis is st i l l  possible by

connecting two of the above-described logic circuits in paral lel with one main computing
circuit  group. However, oo mutual relat ion is given to those two parameters, and they are
independently control led. Thus, the tendency is that considerably excessive t ime is spent in
comparison with the steepest descent method described in the fol lowing paragraph. In

addit ion, when the number of unknown parameters is three or more, i t  becomes extremely
dif f icult  to approximate. Consequently, in this case, i t  is better to obtain a proper evaluat-
ing function and to permute to an extreme value equation. The method of permutation is
described in the next paragraph.

X 1

Broundary
cond i t i ons  o f

Boundary
o f ' y '

V r

condi t ions

Fig. 2. LB Logic Circuit for Analysis of.Double Boundary Value Equation

:.i

J
I

I

Ma in Comput ing
GrouP

A group

Absolute Value
Generator

group

100
o

RO
o
1000
o

Main  Comput ing  C i rcu i t
Group

A group
t{ bo
$1 tr

B t . :
8 f l 3
d = F r

. l+t () o

L b o
g . E
( u e . .

E P =
r -  : ' ( J
s  5 . !
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2.5 Logic  c i rcu i t  for  ana lyd is  o f  ex t reme va lue equat ion

Ord inar i ly ,  the log ic  c i rcu i t  used in  obta in ing an ext reme va lue of  eva luat ing funct ion
"F"  for  an unknown parameter  is  more compl icated than that  for  the boundary  va lue equa-
t i on .  F ig .  2 .19  i nd i ca tes  t he  p r i nc ip l e  o f  ana l ys i s  when  the  number  o f  unknown  pa rame te rs
i s  o n e .

F i rs t  o f  a l l ,  eva luat ing funct ion "F"  (cn)
pe r ta i n i ng  t o  any  des i rab le  va lue  "  dn r r  o f  r r  d r r

is  obta ined and memor ized once through the
1st  t r ia l .  Next ,  eva luat ing funct ion F (  cn - r  Aa)
per ta in ing to  cn *  Ac is  obta ined,  and th is
funct ion is  compared wi th  the prev ious ly
m e m o r i z e d  f u n c t i o n  F  ( a n ) .
W h e n  F  ( " n  *  A c )  -  F  ( " n )  ) 0 ,  t h e  v a l u e  o f  c
is  cor rected to  the d i rect ion in  which the va lue
is  reduced f rom the t r ia l  va lue crn through the
1s t  t r i a l  i n  p ropo r t i ona l  t o  l F (  an+  Aa )  -  F ( cn ) l  ,
a n d  w h e n  F  ( d n  + A " )  -  F  (  c n )  <  0 ,  t h e  v a l u e  o f
cr  is  cor rected to  the d i rect ion in  which the

value is  increased f rom an in  propor t iona l  to

l P  ( " n *  A c )  -  r ' 1 " n ) f  .
When the va lue of  cor rected a is  cn *  1 ,  the
above operat ion is  repeated dur ing the 2nd
t r ia l ,  us ing cn *  1  as the s tar t ing po in t .  In

F i g .  2 .  L g

this manner, the converged value dm is obtained. However, i t  should be noted that the
va lue of  c  may v ibrate  when the va lue of  c  enters  the range of  cmA6o.  In  th is  case,  i t  is
recommended to  reduce the va lue of  Aas l ight ly  a t  the f ina l  s tep of  convergence.

Fig .  2 .  20 Principle Diagram of Extreme Value Equation Analysis

F(a)-  F(a* Aa)

Extreme Value Equat ion
Analys is  Pr inc ip le

" ] * .  
2 .  2r

D group

Logic Circuit  for Extreme Value Equation Analysis

!

r

F(a^* Aa

a  in  comput i ry

F(a* Aa)

F ( a ) o r

- ( a * A a )

F(a* Aa)

f " # - r
1 l  o F F  \ - /  A  0 . 1 - o . z

Main computing
group

A group
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F

I t z t s t r +
L t s

A group R E S E T COMP HOLD R E S E T C O M P HOLD

B group HOLD R E S E T HOLD HOLD HOLD HOLD

C group HOLD HOLD HOLD HOLD R  E S E T HOLD

D group COMP HOLD HOLD HOLD HOLD HOLD

Re lay  K ON O N O N OFF OFF OFF

F i g .  2 . 2 2  L o g i c  C o n t r o l  M o d e s

F ig .  Z .ZL  i s  a  c i r cu i t  d i ag ram o f  t he  f l ow  cha r t  shown  i n  F ig .  2 .20  exp ressed  rno re

p rac t i ca l l y .  The  con t ro l  mode  i s  shown  i n  F ig .  2 .22 .  Fo r  r e l ay  K  used  i n  t h i s  c i r cu i t

is  o f  a  comparator  which is  dr iven by the f l ip - f1op output  o f  the log ic  patch board.  Ind iv idua l

in tegrators  o f  the B,  C,  and D groups are d i rect ly  cont ro l led f rorn the log ic  patch board as

shown  i n  F ig .  2 .25 .  The  p rac t i ca l  connec t i ng  me thod  on  t he  pa t ch  boa rd  i s  shown  i n  F ig .  2 .23 .

Mode  Con t ro l  Un i t  (MC-151 ) Logic Patch Board

Fil;;;'i
IN OUTJI OUTT

R
S

C
P

H
D

0c---o-
RUN OUT-TI

F ig . 2 . 2 3 Contro l  Mode Con-
nection Diagram

Note:  Terrn ina l  nS of  No.  LZ on the mode

the  i n teg ra to r  ( IN -151 )  No .  12 .

I nc-rste
I

I uonE coNr
OUT

r-

INPUT

O s
T

Analog  Patch  Boa

Extent ion

OUTPUT

------ - t

M o d e  m a t r i x

MM lsl!__j

c-;,;;il;---l

F I  ip- f  lop
FF_151A

R
S

r -
I
I
I

L-

R

CP

C

rd

r

IN- l5 l
No.12

F ig .

matr ix  (MM-151A)

-  1 6  -

cP- l5 l
RY RY

i€€
I f-,-,|-n,Lb_e

f;;;t;-r

L - -  - - - J

2 . 2 4

is interconnected to R of  MM o f



3 .

Compara tor  CP-151

:t,9-|-

t*+-

Comparator  CP-151

RY

Integrator
IN- l5 l

To R at RY of B group integrator

From MODE CONTROL COMPUTE OUTPUT (C of MC of integrator

or  mode contro l  panel  (MC- 151) CP OUT)

To R at RY of C group integrator

To C at RY of D group integrator

From MODE CONTROL RESET OUTPUT (R of MC of integrator

or mode control panel MC-151 RS OUT)

RESET INPUT RESET OUTPUT

COMPUTE
INPUT

OUTPUT

B, C, and D Group Operat ion ControlF i g .  2 .  2 5
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For all methods to resolve the extreme value described above, the number of unknown
parameters is one. Also, in the case of a multiple number of unknown parameters, the
basic idea is the same. For example, consider a case in which two unknown parameters are
involved. Assuming that the two variables are d and P , and that the evaluating function de-
cided by the variations is F ( o andf \, upon obtaining the most suitable values (cm and prr^l
after starting from points ( co and f o\, the minor change AF of F against the minor changes
of Ac andad is expressed,by the following equation:

P  = * E a a  +  $ o P
o d  o p

' 
Thus, the evaluations againstAc

and A/ are determined as follows:

and c  r  &rd/ r  are  dec ided so that  the
fol lowing equations are satisf ied:

o t r : 6 0  *  ( A c ) o

f , : f o + ( L f ) o

When this calculation is performed by
an analogue computer, the evaluating
function F ( 

" o andf o ) against the pre-
sent (do and po ) is obtained. Thus,
the following equations can be obtained
near to ( c o arrd /o ) and the evaluating

F  (  d x , f o  )  -  F  (  d o  , f  o  )
d x - d o

F  (  d o  ,  f x  )  -  F  1  o o

1a a)o = -K#

F  x -  f  o

(  a x - o o - A o  
Iw h e r e '  

\  o * - o r : L p  J

dr :d, - r<{fr) c, ,  f  o

Fig.  2 .26 Parameter  P lane

by measuring points (ax and do ) which are extremely
functions F (cx ?.rdfo ) and F ( do Bod fx) at (ao and/* ):

, a E - .= \ u ; ^ ) " "  '  F o

A F
(LP)o = -Kf i

f o \

f  , : f  o  - o ( # 1 " ,  ,  f  o

This method is called the Steepest Descent method.
"K" is a positive constant, and the value may be set freely. Ordinarily, however, it is better
to take a large value as much as possible since the approximating speeds of a and f are
increased or decreased by the value size, and to increase the approximating speed. If this
value is excessively large, vibration may occur at a point near the most suitable point; thus,
ordinarily, the value of I 'Ktt is reduced as the ( c , / ) approaches the most suitable point.

Now, considering an equation in which a 2-variable high-dimension algebraic equation
is solved within the range of a real quantity based on the above-descri6ed theories for the
example, let us attempt to compose a logic circuit of the analogue computer.
Assuming the given equations to be:

G ( x , y ) = 0  H ( x , y ) = 0

and the evaluating function to be:

=(E) o, , ro

P o s i t i o n o f  (  d t ,  f ,  )  w h i c h a r e m u c h n e a r e r t o t h e m o s t s u i t a b l e p o i n t s t h a n  ( a o ,  f o l  a r e
determined as fol lows:

F = l G ( x ,  r ) f  +  l t ( * ,  y ) l

-  1 8  -



the log ic  c i rcu i t  to  obta in  the va lues of  x  and y  so that  F becomes zero can be i l lus t ra ted as

fo l lows.

F (  x o ,  y o  ) K,

F (  x "  *  A * , y ) -  F (  x o , y o  )

C group

F ( x o , y *  A v ) - F ( x o , y o )

I 2

C group

Compar  i son

B group

x o

I C  1 3

J ' O

IC IN

\
F(

\
F

K,

K,

I
I

, , Q F
t\a 

x

CR
x o *  A x o , y o )

P2

+ Av)

Comparison

(  X o , Y o

I
K*

F (  x o , y o )  o r  F ( x o  *  A x , y , ) o r  F ( x " , y - F  A y )
.1

Ay

A group -1
Ax

F i g .  2 . 2 7

Fi rs t  o f  a l l ,  w i th  both re lay contacts  Kr  and Kz set  to  OFF,  the 1st  s tar t ing po in ts

(xo,  y ' )  are  appl ied to  the main comput ing group through summers A1 and A2 ( the va lues of

Xo and yo may be set arbitrari ly. In the main computing group, F (>q, yr) is prepared, and

the value is memorized once in the memory element of the D group. Next, relay contact

Kr  is  set  to  ON,  xo *  y ,  y"  are  appl ied to  the main comput ing un i t  in  l ieu o f  the Xo 'Yo,  and

F (*o + x, yo) is obtained at the output.

The  re l ay  K '  has  been  se t  t o  ON;  t hus ,  t he  p rev ious l y  memor i zed  F  ( xo .Yo )  and  t he  F ( *n+x , yo )

are applied to the comparing element CPr simultaneously, and the dif ferential is integrated

by l imited t ime integrator I  r  of C group. As a result, . l l re fol lowing voltage is induced on the

Iimited t ime integrator I  r  of the C group:

xt4 l r
d  y  X o  ,  y o

Nex t ,  when  K ,  i s  se t  t o  OFF ,  and  s imu l t aneous l y  K2  i s  se t  t o  ON,  K  (ay lay )xo  . y , ,  i s  i nduced

on the l imited t irne integrator Iz of the C group.

N o w ,  v o l t a g e s  K  ( a p / a x ) X o  . ] o  a n d  K  ( a F ' l a  y )  * o  . y o  i n d u c e d  o n  t h e  I r  a n d  I z  a r . e  i n t e g r -

a t e d  b y  I r  a n d  I n  r e s p e c t i v e l y ,  a n d  > < o  +  K  (  a F ' l a  x ) x n . y o a n d  y o  +  K  (  a F . l a  I ) * n . y o  r e s p e c t i v e L y

are obta ined at  the outputs .  These va lues must  be c loser  to  the opt imized va lues than xo 'Yo

descr ibed prev ious ly .

AI

Extreme Value Equation Analysis Block Diagram

by the Steepest  Descent  Method

When the above
tions, the values of x

X l  =

Y t =

operat ions are repeated,  based on the equat ions in  the fo l lowing ca lcu la-

and y are approximated gradually to the optimized values xm and yrrr.

A F
x" + K(; i)x", yo

A F
y,, + K(f,f)xn, yo

E

L

i n tes ra t i on
t  r m e
in  te  g ra  t  ion

Add i t i on
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However, when the dimension of an algebraic equation becomes high, the quantity of

roots which satisfy the equation naturally becomes multiple. For this reason, the approxim-

ating values of x and y vary, depending on how the initial xo and yo are given. Thus, if those

roots are needed, the vicinity of f igures where the roots are assumed to exist must be com-

pletely sought for.
v

Now, when F ig .  2 .27 is  comPosed in  a

practical logic circuit ,  i t  becomes as shown

i n  F i g .  2 . 2 9 .

'  In this, the A group -- the main com-

put ing group of  F ig .  2 .27 - -  does not  inc lude

an integrator because the algebraic equation

is taken as the example. Thus, i t  may be

considered that the main computing group

constantly performs the calculat ion regard-

less o f  the reset ,  compute,  and ho ld .

F i g .  2 .  2 8 Parameter  p lane

x*Ax

B group Main comput ing
group

l c l+ lH l

y,or  y +oy
A group

C group

Fig.  2 .29 Logic  Ci rcu i t  for  Analys is  o f  Ext reme Value Equat ion

Operation is started with the

ent i re  in tegrators  I ,  through Is  set

to  RESET,  and by depress ing the

RUN push button on the logic control

panel, the r ing counter ( in which a

ring counter connection of four con-

d i t ions is  made)  moves as 1 ,  2 ,  3 ,  0 ,

1 ,  2 ,  3 ,  and 0 in  accordance wi th  the

c lock t ime connected to  the sh i f t

input.

More speci f ical ly,

A group:
B group:
C group:
D group:

it init ially becomes as follows:

RESET to COMP
RESET to HOLD
RESET to L{OLD :
RESET to HOLD

Ring counter  output 1 2 3 0
A group COMP HOLD HOLD HOLD
B sroup HOLD RESET COMP HOLD
C group HOLD RESET HOLD COMP
D group HOLD COMP HOLD HOLD
Re1ay  K t OFF OFF ON OFF

Relay Kz OFF OFF OFF ON

Mode cont ro l
RESET
INPUT

- 2 0 -



i

Integrators Ir &rrd Iz of the A group start from the init ial  condit ions xoand yo, and

become COltp. However, outputs of the Ir and Iz respectively are set stat ionari ly on -xo

IiJ -y" since the outputs of the integrators I+ and Ir of the C group st i l l  remain zero.

Next, when the rated t ime is elapsed, and the r ing counter moves to r ing counter out-

put No.2, outputs -xo and -yo of Ir  and Iz er€ stat ionari ly set as they are and applied to the

i lai '  computing group, andlG (xo, y.) l  + lH (>r", yo)l  can be obtained at the outputs. When

these va lues are appl ied to  in tegrator  Is  o f  the D group,  lG (xo,  y . ) l  -  
lH 

(xo,  &) l  is  induced

at the output of Is, since Ir is a primari ly delayed circuit  with gain 1. Next, when the r ing

counter output moves to No. 3, xo * x, yo is appl ied to the main computing group through Ar

and A, ,  because relay Kr is set to ON as soon as the output of Is is held, and G (>t *Ax, Yo)

+ H (xo *  Ax,  y r )  can be obta ined on the output .  lG (*o+a* ,  y r ) l  +  lH ( :<"  *Ax,  y . ) l

lG (xo,  5ao) l  -  lH ( *o ,  y r ) l  is  app l ied to  in tegrator  I+  s ince re lay K is  set  to  oN and when

th is  is  in tegrated for  a  cer ta in  t ime,  k  (aF/a*)*o  .  ro  has been obta ined on output  o f  the I r .

(Where, k: Constant; F = F (><", yo) = G (*, y) + 
-H 

(x, y)

Next ,  when the r ing counter  output  moves to  No.0,  k  (AF/a Y)*o. ro is  obta ined at  output

of I :  in the manner identical to the above.

Accordingly, when the r ing counter output becomes I{o. 1 again, Ir  and Iz r€sp€ctively

i n teg ra te  k  (  a I - l a * ) *o . yo  and  k  (aF /dx )xo .  yo ,and  t he  f o l l ow ing  a re  ob ta ined  a t  t he  ou tpu t s :

-x, = -xo - u(#) Xo, /o

When the above calculat ions are repeated, based on the values x and y ,  optimized

values x, and y, of the x and y are obtainable.

An example of a logic circuit  for analysis of a 5-parameter extreme value problem is

indicated in the fol lowing diagram as an example of logic circuit  for analysis of an ordinary

mult i-extreme value equation. This block diagram has been composed for analysis of a

5-elernent, simultaneous, high-dimensional equation.

-Y, = -Yo - u,#, xor Yo

F
c E

I
$
E
F
Ft
E

t

- 2 L -



r
I

B group

r

B group
r
I

r _ -  
- - - - - -  J

lx.

B group
r

l n
I

I
I

B group
r
I

r - - - -  - - - - r
l r ,

B grouP group

Fig.  2 .30 Logic  Ci rcu i t  for  Analys is  o f  5-e lement ,

Simultaneous, High-dimensional Algebraic
Equation

Equations solved by this circuit  diagram are as fol lows:

G,  ( * ,  y ,z , t ,  v )  =  0  Where,  the eva luat ing funct ion is  dec ided

G '  ( x ' v " "  ' v )  =  0  
F ( x , y ,  z , n , v )  = l G , l + l c . l  * l c , l + l c - l  + l

r - -  
- - - ' j

I
t &

I

I

. A

) %

+ l

as fo l lows:

G' l

-r 1 Y*r$ioor-HK,

F(  x ,y , z ,u ,v )

- r  X - 6 + r

C group

G u  ( x ,  y r z , v ,  v )  =  0

- 2 2 -



j :

:
The  c i r cu i t  o f  F i g .2 .30  i s  i n tended  to  ob ta in  t he  va lues  o f  x ,  y , zn ,u ,  and  v  so  t ha t  t he

F  becomes  ze ro .  The  ope ra t i on  modes  t o  d r i ve  t h i s  c i r cu i t  a re  i nd i ca ted  i n  F ig .  2 .3L .

Computat ion is  s tar ted by set t ing the LOGIC CONTROL on the log ic  cont ro l  panel  to

R U N .

Ring counter  output 1 2 3 4 5 6 0

A group R C H H H H H H

B group R H R C C C C C

C group R H C H H H H H

R e l a y  K ' ON

R elay Kz O N

Re1ay Ke ON

Relay K+ ON

Re lay  Ks O N

Mode control panel
A L L
RESET

RESET

Fig .  2 .31  Opera t iona l  Cont ro l  Mode

In the logic circuit  for analysis of the 5-variable, extreme value equations described

above, the main computing group may not include an integrator. When the main computing

group includes an integrator, the circuit  composit ion somewhat dif fers. The fol lowing

di"g""* shows an example of a logic circuit  for analyzing 2-variable, extreme value pro-

blem (This is not an algebraic equation)

A a

-ro{----%

C group

Main comPuting
group

F(o ,F)

Logic Circuit for Analysis of 2-variable, Extreme
Value Problem

K,

I
I

lK
I

;:

t

Ring counter output 1 2 3 4 5 6 7 8 0

A group R C H R C H R C H

B group R R C H H H H H H

C group H R R R R C H H C

D group C H H H H H H H H

Relay Kr OFF OFF OFF ON O N ON OFF OFF OFF

R elay K.

Relay Kr OFF OFF OFF OFF OFF OFF ON ON ON

Relay Ii ON

F i g .  2 . 3 2

- 2 3 -



2 .6  T ime  Sha r i ng  OPera t i on

Time shar ing operat ion is  def ined as a  comput ing system in  which an e lect ron ic  system

funct ion generator  is  used by d iv id ing wi th  the t ime band,  and e lements  o f  one un i t  are

ut i l i zed ins tead of  us ing severa l  same un i ts .  The c i rcu i t  cons is ts  o f  re lay  e lements ,  sample

hold  e lement  (memory e lement) ,  and e lect ron ic  mul t ip l ie r  or  funct ion generator ,  and the

output  waveform is  approx imated wi th  an echelon-shaped waveform'

- F ( x ' )

-  F ( x r )

*100  ind ica tes  tha t  the  in teg ra t ing

t ime  cons tan t  i s  100 .

Re lav  K  ind ica tes  tha t

the  re lav  i s  se t  to  OFF.

F ig .

The re laY contact
Moreover ,  the re la t ion

2 . 3 3 Time Shar ing Operat ion Ci rcu i t  D iagram

(When a funct ion generator )

o f  F i g .  2 . 3 3  r e p e a t s  O N - O F I '  o p e r a t i o n s  w i t h  1 O  c / s  ( 1 0 0  m s ) .

between in tegrators  #1 and,  #2 and re lay K should  be as fo l lows:

Re lay  K O N O F F

Integrator 1 R E S E T HOLD

Integrator 2 HOLD R E S E T

.'l*

' '*]

F i g .  2 . 3 4

xr Yr

.100

xzYz

*100

*100 indicates that the integrating
time constant is 100.

T ime  S i ra r i ng  OPera t i on  C i r cu i t
(When  a  mu l t i p l i e r )

u t i l i ze  e lements  o f  one uu i t  for  t rvo un i ts .  When ut i l i z ing for

u t i l i z i ng  r i ng  coun te r  i s  co t r s t r uc ted .
The above two examPles

three or more units, a circuit

- 2 4 -



F
F

lrg
t

\;-J
X,G_JJ

-  F ( x o )

In tegrator  In  is  reset  when

re lay Kn is  set  to  ON.

The in tegrator  is  he ld  excePt

when re lay Kn is  set  to  ON.

-  F ( * , )

- F ( x n )

Fig.  2-35 T ime shar ing operat ion.

Ring counter

Re lay

0 1 2 a

k o ON

l -
t l l ON

k z ON

k , ON
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3 .  Exe rc i ses  f o r  Au toma t i c  P rog ram ing

3.1 Equat ion o f  boundarY va lue

Exe rc i se  (  1 )

Dec ide va lue of  K a t  the fo l lowing
' y ' b e c o m e s  

0 . 5  w h e n ' t ' =  7  s e c o n d s :
equa t i on  so  t ha t ' y ' becomes  ze ro  when ' t ' =  0 ,  and

#* "' 
= KF(t)

So lu t i on  (  1 ) :

F(t)  = 1

F i g .  3 . 1  E x e r c i s e  ( 1 )  B l o c k  D i a g r a m

O Observ ing the movement  o f  K,  ad just  the converg ing speed wi th  Pot -2 .

1 . 5  s e c 7  s e c 1 . 5  s e c

A group R C H

B group H H C

Exerc i se  (1 )  B lock  D iag ram

A t 7  s e c

A group B C

B group H R

C group C H

F i g .  3 . 2

- 2 6 -



Solut ion (2)

E x e r c i s e  ( 2 )

Decide the va lue
b e c o m e s  0 . 5 ,  w h e n ' t "

dzy +
dt2

Solut ion (  1)

of 
'a 'at 

the fol lowing equation so that"
i s  ze ro ;  and "y  becomes  0 .5  when ' t ' i s

a y - 0

Fig .  3 .  3 Exerc is  e  (2)  B lock Diagram

Fig .  3 .  4 Exerc ise (2)  B lock Diagram

y"becomes 0,  and y t '
10  seconds .

A t 1 0  s e c . A t

A group R C H

B group H H C

A t 1 0  s e c . At

A group R C H

B group H H C

1o l  l \  - vG

B group

- 2 7 -



Exerc ise  (3 )

F i g .  3 . 5

In Fig.  3.5,  decide the value of  K so that the overshoot of  bo'against  step ei '
becomes L0% of the 

'ei.

Solution ( 1) :

In this system, the response
waveform for the step input becomes
as shown by e in Fig.  3.6.  Thus,
when solving this equation such a
logic circuit must be developed that
1.1 'e i 'and maximum value of  'eo'are

compared each other. Subsequently,
the maximum value hold circuit
descr ibed in Fig.  2.5,  wi l l  employed
in this logic operation.

0.  1-0.2

1':" i': ":': i":":": : -.i

Fig.  3.7 Exercise (3) Block Diagram

Note :  I t  i s  p roper  to  make b i 'be  0 .5 .

Overshoot--l-l

Fig.  3.  6 Step Response

Maximum value holder I
I

C P 1

d /o--r I
- - t - - /  |  t

_t___

I

I
I
I
I
I
It -

I
I
L

I
I
I
L

A ero.iN I
I

-  - J

- 1 .1e ;

A group

At 1 0  s e c . At

A group R C H

B group H H C

- 2 8 -



Solut ion (2):

B group

F ig .  3 .  B  Exe rc i se  (3 )  B lock  D iag ram

Exerc i se  (4 )

Dec ide  t he  va lues  o f  *o  =  (dx /d t ) t : s  and  y0  =  (dy /d t ) t : g  a t  t he  f o l l ow ing

equa t i ons  so  t ha t ' x "becomes  1 ,  and "y "beco rnes  ze ro ,  when ' t " i s  ze ro ;  and ' x "becomes

ze ro ,  and ' y -becomes '11  when ' t ' i s  5  seconds .

d t x

d t :  
= x y

Solut ion:

When the equation

a s  s h o w n  i n  F i g .  3 . 9 .

xo and yo respect ive lY
these parameters ,  the

d'v--:.i- = xv
d t -  v

sat is f ies  the boundary  condi t ions,  the so lu t ion wi l l  become

Therefore,  assuming that  x  and y  a t  t  =  5  are dependent  to

and a lso assuming that  there is  no mutua l  re la t ion between

b lock  d iag ram becomes  as  shown  i n  F ig .  3 .10 .

F i g .  3 . 9

Exercise (4) Block Diagram

A t 1 0  s e c .

A R C

B H R

C C H

;-----*-l 1

l0"A group

lo. i :o.z

A group Lf A group

A t 5  s e c A t

A R C H

B H H CF i g .  3 .  1 0

- 2 9 -



E x e r c i s e  ( 5 )

Dec ide  t he  va lues  o f  a "  and "b ' so  t ha t  y t "becomes 'a , '  and ' y ' becomes 'b ,  when ' t " i s

ze ro ;  and ' y r "becomes 'a ,  and ' y ' becomes 'b ,  when ' t " i s  2  i n  t he  f o l l ow ing  equa t i on :

93 dv
d t r -  

+  0 . 1 d t  *  y '  =  0 . 4  c o s  t

So lu t ion:

When sca le  convers ion is  appl ied to  the g iven equat ion:

.F€

-*r.

=i

F
€
1i

i:
:i.:r:.
aaa

a:+
$
€

€
E
€

I;, &
€.i6
.'F

,''.E
€
*
:j*

,€
, ,$
' E

4:€
E

$
€-*

a

t#,] = -Q.'[*.J - n[+]' . o. 2 cos t

F ig .  3 .  11  B lock  D iag ram

When th is  b lock d iagram is
becomes as fo l lows:

i n  wh i ch  T ime  Ax i s  i s  Reduced  to  1 /4

recomposed for  automat ic  programming,  i t

Exe rc i se  (5 )  B lock  D iag ran r

- 3 0 -

r i , r  A group-til ^ lo-m( l+l

F i g .  s .  t z



In  th is  equat ion,  the opt imized va lues of  a  and b wi l l  d i f fer  depending how the
in i t ia l  va lues of  ao and bo are g iven.  Accord ing ly ,  opt i rn ized va lue must  be obta ined
b y  s t a r t i n g f r o m  a l l p o i n t s  i n c l u d e d  i n  - 2 <  a < 2  a n d  - 2  < b  < 2 .  A c t u a l l y ,  h o w e v e r ,
i t  is  suf f ic ient  to  obta in  such va lues by s tar t ing f rom any of  severa l  des i red po in ts
af ter  proper ly  dec id ing the la t t ice  po in ts  on the a-b p lane.

e l

3 . 2

( 1) After setting the question on the patch board, the
proper values of  ao and bo &r€ appl ied to pot 3
and 4 .

(2) Confirm that the values of pot 5 and pot 6 remain

the same each other .

(  3)  Af ter  the complet ion o f  converg ing,  change the
ao and b6 again with pot 3 and 4, and repeat the

above operat ions.

Extreme Value Equation

E x e r c i s e  ( 6 )

A t
2 x
,  s e c
T

A t

A R C H

B H H C

C R H H

Fig.  3 .  13 Cont ro l  S ignal
for Driving

Obtain the value of K so that the control tolerance area of eo against step input
ei becomes the minimum at the fol lowing transfer function:

I
€ o  = *

p r + K P + 1

Solut ion (  L) :

The cont ro l  to lerance area is  those por t ions

Thus, this area is obtained by calculat-
ing the fol lowing equation:

a *

J l " " - e i l a t' t r '

The b lock d iagram can be expressed as fo l lows
b y  F i g .  2 . 2 L .  M o r e o v e r ,  F i g .  3 . 1 5  i n d i c a t e s
the condi t ion in  which the cont ro l  to lerance area
changes,  depending on the s ize o f  the va lue of  K.

ind icated by ob l ique l ines in  F ig .  3 .14.

F i g .  3 .  1 4 Contro l  To lerance
Area

op t im ized

3 sec 1 0  s e c 2  s e c 3  s e c L 0  s e c
^2 

sec

A group R C H R C H

B group H R H H H H

C group H H H H R H

D group C H H H H H

Relay K ON O N ON OFF OFF OFF
F i g .  3 .  1 5

-  3 1  -



0.  1 -0 .5

A group

Relay K

Ralay is  in OFF posi t ion

F i g .  3 .  1 6  E x e r c i s e  ( 6 )  B l o c k  D i a g r a m

(1) When the value of K approaches the optimized value (km), reduce the value of Pot 3
as much as poss ib le .  0 .02 would be su i tab le .

If  reduced excessively, an error may occur in the optimized value.

(2\ The value of obtaining K can be approximately expressed as fol lows when the ap-
proaching va lue of  I  o ,  is  assumed to  be -Knl2 :

-k"- =* {9 * tS * ^K) } =](r., + aK)
2  2 r 2  ' 2  )  z ' , - - - -

Solut ion (  2) :

K

"I

Absolute value generuto? C gtou) 0. r-0.2 B

F i g .  3 . L 7  E x e r c i s e  ( 6 )  B l o c k  D i a g r a m

group

Re lay  i s

0. l -0.5

i n  OFF pos i t i on .

K K
zory

K-z

Absolute valu e
generator

A group

- 3 2 -



Exercise (7)

Solve the following equations:

(  * " * y " -  5 = 0
{
[ 3 * ,  *  * s  -  y z =  e

Solution:

Reforming the above equations to:

F r ( x , y ) = x z + Y - 5

F.(x,  y)  = 3x2 -  xt  -  y,

apply the proper values to x and y,  and obtain the values of  x and y so that the
following equation is satisfied:

F  ( x ,  y )  =  l F , ( x ,  y ) l +  l p r ( t ,  y ) l  =  o

The method of solving an algebraic equation
gramming was already described in section
practical circuit  is explained from here on.

As the circuit  outl ine, i t  is classif iable

Part A: Calculates F (x, y)

Part B: Calculates F (Ax + x, y) -

Part  C: Memorizes F(x,  y)

Part D: Corrects values of x and
F(x + lx, y) - F(x, y) and

of  th is  type by means of  automat ic  pro-
2 .5 ,  t he re fo re ,  how  to  compose  a

into the fol lowing four units:

F(x, y) F(x, y + A y) - F(x, y)

y  wi th  va lues which are in  propor t ion to
F ( x , y + n y )  -  F ( x , y )

I

1
t
I

Gh
I '
I
I

I
I
I

.&

- 3 3 -



- a x

o--$-<+r
0.01

0.1-0.5_l f - - t
x o r  x - A x

Part  C

PartA

F ig .  3 .18  Exe rc i se  (7 )  B lock  D iag ram

100V  i s  assu rned  t o  be  b .

When performing automatic operation control of this block diagram, use a r ing
counter  and compose the cont ro l  modes as shown in  F ig .  3 .19.

Condit ional terminal number 1 2 3 4 0

Re lay  K1 ON

Re lay  K2 ON

A group C H H H H

B group H R C H H

C group H H R C H

D group R C H H H

F i g .  3 .  1 9

Upon completion
the  p rope r  Xo  and  Yo

Logic Operation Control Modes for

of the entire programming ( including
o n  p o t  3  a n d  4  o f  F i g .  3 . 1 8 .

Exe rc i se  (? )

that on the r ing counter), set

, rk-r i  1N vorv-Av
l L ' l

I c srounl

L&"t9___i i  9" l l *
PariD f. i- f  l _ _ r

- 3 4 -
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Exercise (B)

Solve the

2 3 -

following equation:

5 2 2 + 9 2 - 5 = 0

a2 d dx+,
= - * D €  u v

d x '

T ime  ( sec )

Dis tance (cm)

Temperature ( 'C)

Coeff icient of heat generation

5 c m

3 . 3

Solution:

Assumin g Z = X + yi, apply this to the above equation.
wil l be rewritten as follows:

(x + y i ) '  -  5(*  + y i ) '  + 9(x + y i )  -  5 = 0

Then the above equation

This is calculated and becomes:

( x ' -  5 x 2 +  9 x  -  3 x y '  -  5 )  +  i ( - y ' +  3 > f y  - ' 1 0 r q y  +  9 y )  =  0

The X and Y are real quantity; consequently, the above equations are permuted to
a simultaneous high-dirnensional algebraic equation of the exercise (7) as follows:

x3  -  5x2*  9x  -  3xY t  -  5  =  0

- y s +  3 x 2 y  -  1 0 x y +  9 y  =  Q

Time Sharing Operation

Exe rc i se  (9 )

Assume that a material has a thickness of ncrn, on one surface of which no heat
transmission is conducted. The other surface contacts a material having a thermal
capacity of oo, and the boundary surface is always maintained under 0"C. Now, solve
the fol lowing equation which expresses the heat transmission of this material.

:

ilt-

:

a d
a t

Where, t :

x:

0z

0 l

!'i

0 < d <  1 0 0 " c

0 .  1 0  -  1 0 . 0

:
f ,  

l t
- trl
=, ttl

E i  I E
v- .!t

:
l

i
;iin

..:*r-.

F i g .  3 .  2 0

-  3 5  -



Solution:

Dividing the material equally into f ive pieces (may be
assume the temperatures of the individual surfaces to do ,
Further, when width of the divided sections is assumed to
dif ference equations can be obtained.

0 o

*  D u  
u o

0 l

5 0
+ d o ) + 5 s

div ided in to  ten p ieces) ,  and
0 r  , 0 ,  ,  , 0 u .
be Ax, the fol lowing constant

0 s  =  0 o C , 0 <

Fig.  3 .  2L Funct ion Generator
Sett ing Coordinates

Funct ion Generator
Sett ing Waveform

4 &  =  1  =  ( 2 0 , - z r . y
cl t  A x '

d a ,  1
d t  

= ; ; ( 0 .  - 2 0 ,

d 0 "  -  1
a- zx, ( d.

d d "  _  1
d -  a x ,  

(  t n

d o n  =  L  ( u
d t  A x z  

\

-  2 0 ,  * 0 ,  )  + a e

0 3

- 2 0 ,  + 0 r )  + D e 5 0

0 4

-  2 o n  + o s )  + D e 5 0

0 2

5 0

convert ing the scale of the equations, considering
and Ax = lcm,  the new equat ion wi l l  be:

*#= r (#  -1$r . * " ' *#

1  d d r _  0 2

mo at = r.bo -'"r*! . # . # "' 
"#

L  d , o 2 =  o '
1oo  d , -  , oo  -  r *h .  #  .  #  u ' "  k

t  g , '=  on -2x_% o,  D
ToD- ot  loo loo + 

loo *  
looe
0 .

1  d d n = - 2 o n *  o ,  - . -  D  2 " , o o

1 0 0  d t  1 0 0  1 0 0  1 0 0 e

The term* 
" ' "# inc luded in  these

equations has exactly the same function
for al l  from do to 0 4 . Therefore, when
a block diagram for t i rne sharing opera-
t ion is prepared by using a function
generator of one unit,  i t  can be i l lustrated
as  shown  on  F ig .  3 .28 .  Fu r the r ,  F i g .  3 .21
shows coordinates required in sett ing the
function generator, the exponential func-
t ion approximated by f ive segments. I t  is
recommended to set functions exactly
s;rmmetrical ly for the vert ica] axis in
order to reduce the number of ampli f iers,
and to arrange the composit ion so that a
wave form shown in  F ig .  S,  22 can be
f ina l ly  obta ined.  F ig .  3 .23 is  a  b lock
diagram composed by using a function
generator which has been establ ished ex_
actly s;rmmetrical ly for the vert ical
ax is .

0 "
2 x  '

1 0 0

1 0

It" *

(  to,  o.?3b)

(o.8, o. lgs

(0 .6 ,0 .332)

(0. z, o. t+g)
(0,  o .  t )

-  3 6  -
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tr3

G}

-Ar.
100

fi"'%
d
m

F i g .  3 . 2 3  E x e r c i s e  ( 9 )

0 .2

Bloek Diagram

* 10 indicates the time
constant is 10.

j

c,,il
i
I

t
j
f,

a

t

. : 4 - .
.:5..*-.

Fig.  3.24 Logic Mode Control5

\ l_Y
- -J A group -4.

100

Ring counter output 0 I 2 3 4
Relay K, O N
R elay K2 ON
R elay Ks ON
R elay Kr ON
R elay Ks O N
A group RESET HOLD HOLD HOLD HOLD
B group H R H H H
C group H H R H H
D group H H H R H
E group H H H H R
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