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Operatorrs Manual for Digital Logics

l Introduction

The purpose of thi6 rnanual is to describe operations, proglarns and firadamental appli-
cations of the digital logics of Hitachi analog cornputers. The digital logics a!e intended to
add higher logical techiiques to the operation of general analog cornponents, Infolnation of
only marginal interest to the proglalnrner, such as specii icatioas, maintenance telrna of
aDalog corDpoueDt€, is ornitted.

This manual places ernphasis on the following:

( l) Elernents

'What kinds and how rnany elernents are there ?
Where are they located? What do they do?
In what waye caa they be used? How ale they patched?

(2) Composite elements

Combiration of elements. Control, declsion and rnemolization accomplished by
guch elernent cornbinations. What kinds of control logics are available ? How are
they applied ?

(3) Application

Solution of fundarnental problems, and aome exelcises. Examples of practical
applicatioDs. Application to boundary and extrerne value problerns.

Items (2) and (3) also iDclude the logical use of analog cornponenta.
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z, Logic Elernents

A11 logic elernents and control terrninals use high woltage ( logic ONE) and low voltage
(logic ZERO) for both input and output signals. Logi.c ONE is norninal ly +6.0 V DC but rnay
go as high as *24Y DC. The perforrnance wi l l  not  be adversely af fected by wol tage i r lc . rease,
The norninal value of 1ow voltage is 0 V, but i ts 1eve1 change is al lowable within a range of
approxirnately i lV. In sorne cases the input and output voltages becorne about -2 and 3 V,
respect ively.  This does not have any adwerse ef fect  on perforrnance ei thei ,  Howeve.r ,  i t  is
recomrnendable for the prograrnrner to rernernber that t tre voltage 1eve1s oI logic elernents
a re always +6 and 0 V.

With a Hitachi analog cornputer, regardless of i ts control systern being the EMC type,
the integrator and operati .on rnode can be control led direct ly frorn digital logic elernents with-
out using any vol tage 1eve1 converter.  A1so, digi ta l  logic elernents are direct ly control lable
by the use of the logic signals generated in the analog patch section.

RUN, STOP, CLEAR and MANUAL CLOCK of al l  the digi ta l  logic elernents are control l -
ed on the logic control  panel  (CT-2641. Under these {our rnodes, the logic elernent operates
as f  o l lows:

RUN:

STOP:

Elernent operates iu accordance with input sigr!a].
Output sisnal ol the standa-rd clock is ernit ted.

Operation stops. Output signal wi l l  not change even whelr input signal is
var ie d.
Output of the standard clock goes off.

A11 ou.tput 1evels are reset to the init ial  condit ion.
Output signal of the standard clock is 0.
Elernent wi l l  operate i f  input signal i f  changed.

Push this button, then generated one pulse output for rnanual checking to
prograrns and RING COUNTER.

CLEAR:

CLOCK:

Gates are al .* ;ys in the opeiat ive condi t ion wi th no reqard to these four rnodes.
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z. I AND and NAND gates

The patch hole rnarking of patch unit LG-161 having AND and NAND gates is shown in

Fig. 2. 1. One LG-16l unii inciudes {our 3-input gates and four 2 -input gates' Each gate

hal one ilwerter at its output. The output of this inverter is the NAND gate output. OutPuts

of AND and NAND gates {or warious logic input signals are l isted in Table 2' 1'

Input AND NAND

I
I
1
0

open
0

open

I
0

open
I
I
0

open

t
0
I
0
I
0
I

0
I
0
1
0
I
0

TabLe 2.1

The| |opent| inTablez. ls igni f iesthatt t re inputterrninal isnotused.Thisopeninput
terrninal normally operates.as logic ONE. Therefore, it is unnecessary to terrninate the

rernaining input to logic ONIi when only two inputs oI a 3-inPut AND gate are used'

OUTPUTS

PATCH PANEL
TERMINATIONS

PATCH PANEL'IENMIN- ' 'TIONS AND PROGFAMMERIS
SYMBOL OF TTIE AIiD GATII

PROGFAMMEFIS SYMBOL

AN-D CATE

INPUTS NONMAL OT'TPUT

REVDRSED OUTPUT

Fig,  2, I
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Z.Z OR and NOR gates

The outp.t of oR gate is logic oNE when at least one of the oR gate inputs is logic oNE.
lYoR is equivalent to the reversed oR. No oR or NoR gates are incorporated in the digital
Logic patch panel; howewer, an OR gate can be forrned by patching uti l izing the AND gate
meDtior led in r tern 2.1.  oR operat ions can be obtained by reversing al l  the 0 's and l rs in
Table 2' I in lespect of the relationship between input and AND gate output. For this reason,
the oR gate can be forrned by reversing the signals of a1l inputs and outputs of the AND gate
througb. inve rter s,

The actual patch panel is designed to be able to connect rnost logic signals as normal
alld reversed signals. When the OR signal of certain two signals is desired, all that is need-
ed is to supply an AND gate with the reversed signals of these signals and to extract the out-
put f iorn the inverter attached to that gate, Fig. z.z shows the patching {or oRing the ourpu!
sigDals A and B of two AND gates,

PATCHING
PROGFAMMER 'SSYMBOL

Fig.  2.2 PATCHING AND PROGRAMMER'S SYMBOL OF THE OR GATE
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2.3 Inverter

Most logic elements are provided with art inverter directly coupled with their output,
and very few prograrns lequire indepeDdent inverter6. lfoweve!, since the standard clock
(CL-I6I), tnain control rnode logic output (lvtC-I6l) do not have inverted outtrnrts, an AND
gate i6 used when their reversed output is needed. An AND gate can be operated identically
to an inverter by usitrg only one input of the AND gate and obtaining signal frorn tbe r€vers -
ed oufput of that gate. That is, tbe ilput and output of the AND gate a-!e identical with each
other since the open terrninal of AND gate is the sarne as logic ONE. Tbe input therefore
becornes the rewersed signal by the inverter placed in tbe succeediDg stage.

PATCtliNG
PROGRAMMER 'S
SYMBOL

Fie.  2.3 PATCII ING ANU PROGRAMMER,S SYMBOL oF 1,rrE INVERTER
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2.4 F lip-flops

(l) As independent fl ip-floPs

The patch hole rnarking of f l ip-flop patch unit FF-161 is shown in Fig' Z'4'
Each FF-161 unit has five fl ip-flops '

Each fl ip-flop is individually provided with SET, RESET aad TRIGGER inputs, and
NoRMALandREVERSEDoutputs.Al l f l ip- f lopslet theirnorrnaloutputbelogic
ZERO and their reversed output be logic ONE when the CLEAR button is pressed
on the logic contiol Pane1.

NORMAL OUTPUT
SET OUTPUT)

REVERSED OU TPUT
(RESET OUTPUT)

SET INPUT

TRIGGER INPUT
RESET INPUT

PATCH PANEL
TERMINA TIONS

TRICGER IN

PROGRAMMER'S SYMBOL

Fig. 2.4 PATCH PANEL TERMINATIONS AND PROGRAMMER'S
SI'MBOL OF THE FLIP FLOP

FLIP FLOPS
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When logic ONE is fed into the SET input of a f l ip-f lop, i ts norrnal output becornes
logic ONE. When the logic ONE at the SET input is gone and changed to logic
ZERO, the above condit ion rernains intact unti l  logic ONE is supplied to the RESEI|
input. A1so, the output wi l l  not change at al l  regardless of how rnany t irnes logic
ONE is resupplied to the SET input i f  the norrnal output is logic ONE. The sarne
perforrnance is appl icable when the SET and RESET inputs are exchanged for each
other. When logic ONE and logic ZERO are alternately led into the TRIGGER input,
the output logics of norrnal and reversed outputs alternate with each other every
t irne logic ONE enters the input. Therefore, logic pulse of half  the frequency are
obtained from the norrnal output when logic pulses of the desired frequency are fed
into fhe TRIGCER input.

Operation of ihe fhp-f1op becornes unstable i f  logic ONE is fed into the
SET and RESET inputs sirnultaneously,
The circui t  a lso becorrres unstable i f  a capaci t ive load exists between the
Dorrnal  and reversed outputs.

'2\  
Ac hi-r . . . .^ .1n+-.

The FF-161 uni t  wi l l  operate as a binary countei  when the f ive f l ip- f lops are con-
nected as shown in Fig.  2.5.

INPUT

OUT PUTS

I. ig.  2.5 PATCHING OF THE BINARY COUNTER

(3) As shi f t  register

A 5-bit  shif t  register can be forrned by cornbining f ive f l ip-f lops. However, a
.r ing counter (RC-I61) is incorporated in the logic patch-panel  as a separate uni t ,
and can simply be ut i l ized as a shi f t  register,  The decirnal  counter (CU-161) can
also be used as a shif t  register. I t  is the.refo.re practical ly unnecessary to cor-rr-
pose a shi f t  resister
by cornbining fli.p-
f lops,
When neces s a!y,
however, a shift
register can be
ploduc ed by patching
as shown in Fig.  2.6.

CLEAR IN SHTFT IN

SCT{EMATIC OF
-7 -

Fig.  2.  6 PATCHING THE SHIFT RESISTOR



2.5 Decirnal  counter

The patch hole rnarking of declrnal counter patch unit CU-161 is shown irt Fig' 2.7.
One patch uni.t CU-161 contains two.decirnal counters,

One decimal counter has two inputs (RUN and CLEAR), one CARRY OUT' and ten out-
puts (DECIMAL OUT). One of the ten DECIMAL OUTs is always logic ONE, and the remain-
ing nine DECIMAL OUTs are logic ZERO. When logic ONE is fed into cLR (abbreviation of
CLEAR), only DECIMAL OUT No. 0 of the ten DECIMAL OUTs turns to logic ONE and the
other DECIMAL OUTS No. I through No. 9 becorne logic ZERO. This condition rernains so
as long as the CLR terrniaation keeps logic ONE.

The logic ONE at
DECIMAL OUT No. 0
moves to a highe r -nurnbe r
DECIMAL OUT one by one
ewery tirne a logic ONE
enters the RUN te.rfrl i  -
nation while the RUN
termination is supplied
with nothing or with logic
ZERO. If the logic ONE
is at  DECIMAL OUT No. 9,
it returns to DECIMAL
OUT No. 0 wheir a new
logic ONE enters the RUN
terrninati.on.

OU TPU T

CARRY OUT

ROM O
TERMINATIONS

TO9

RUN INPUT

C LEAR INPUT

PATCH PANEL
TERMINA TIONS

PROGNAMMER'S SYMBOL

Fie.  2.? PATCH PANEL TERMINATIONS
OF THE DECIMAL COUNTER

^a)
n
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'when the logic oNE returns frorn DECIMAL OUT No. 9 to DECIMAL OUT No. 0, the cR
(abbreviation of GARRY) terrnination issues a.n inpulse. Plovided that the cR terrnination
is terrninated at the RUN termination of the second decirnal counte!, these two counters can
be as a two-digit decirnal counter.

The output of counter for each digit can be monitored on the digital logic control panel.

.46 arbitlary scale counte !:

The decirnal countef can be used as a quinary counter by patching as showTl in Fig. 2. g.

In the quioary counte!, the output logi.c oNE ci.iculates from DECIMAL OUT No. 0 through
DECIMAL OUT No. 4 in a ring. The CR terrnination is l lot used fof this counter, aad
DECIMAL OUT No, 5 terrnination Eerves as CR terrnination. Therefore, a two-digit quinaly
cou!1ter can be forrned by producing two of the above quinary counte! and patchi4g the

i. DECIMAL OUT No. 5 terrnination of one quiaary counter to the RUN terrnination of the
quinafv countef,

D. COUNTER

PATCHING

Fig. 2.8 PATCIIING FOR ARBITRARY SCALE COUNTING
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Z. 6 Ring counte-r

(1) Funct ion

Patch hole rnarking oI r ing counter patch unit RC-16i is shown in Fig. 2,9.
The r ing counte.r consi€ts of ten individual SHI! 'T inputs. Ten NORMAL OUTs;
and ten REVERSED OUTS, This logic rnodule is also rnanually contiol lable by
using pushbutton CLOCK located on the logic control panel,
One o{ the ten NORMAL OUTs is always logi.c ONE, and al l  the rernaining nine
NORMAL OUTS are logic ZERO.
When logic ONE is appl ied to one of the ten SHIFT INPUTs, the corresponding
NORMAL OUT turns to logic ONE and the other nine NORMAL OUTs becorne logic
ZERO. This condit ion remains so unti l  another shif t  input enters one of the
SHIFT INPUTS, even after the f o rr-t1er shif t  input becorne s logic ZERO.
When pushbutton CLEAR on the logic contlol panel is pushed, NORMAL OUT No.0
becornes logic ONE, and the other NORMAL OUTs are logic ZERO. If  other than
SHIFT INPUT No. 0 is logic ONE sirnultaneously, the corr:esponding NORMAL
OUT rernains logic ONE,
Wheo logic ONE is appl ied to the MCL termination (on the MODE CONTROL PANEL
MC-161, LOGIC CONTROL TERMINAL) once, the Iogic ONE on NORMAL OUTs
rraoves one step towald higher -nurnber NORMAL OUTs. Therefore, when logic
ONE is diwided into, for exarnple, th.ree pulses and applied to the MCL terrninatlon,
logic ONE on NORMAL OUTs rnoves three steps to higher-nurnber NORMAL OUTS.
When logic ONE is apptied to the MCL and SHIFT telrninations sirnultaneously,
priori ty is given to the logic ONE applied to the MCL terrnination.

SH]FT INPUTS
FROM O TO 9

Fie. 2.9 PATCE PANEL TERMINATIONS AND PFOGRAMMERIS
SYMBOL OF THE RINC COUNTER

REVERSED OUTPUT
FROM 0 to 9

NORMAL OUTPUT

RINC COUN:TER

O'@
O,@
Or@
On@
L)'L_).(._/D(',

OrCff
O?CTCFO
Ou@
O,C{bO
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A11 operation of the ring counter stops u'hen push the STOP pushbutton on the Iogic
control pane1. This condition rerrrains so unti l push the CLEAR pushbutton on the
logic control panel, When push the CLOCK pushbutton on the logic control panel
once by once, then logic ONE on NORMAL OUTs rnoves one step toward higher-
nurnber NORMAL OUTS. (But MCL terrninal rnust be open. ) It is undesirable,
when using the ring counter in an ordinary rnanner, to sirnultaneously apply rnany
Iogic ONEs to the input terminations because the prograrn becornes cornplex,
It is lecommendable to use the ring coulrte! to a degree that either one of the
inputs is logie ONE at all t imes or none of thern is logic ONE once in a while,

(Z) As prograrn controller

The ring counte! is uti l i .zed as the cj.rcuit Jor cont!o11ing a p!ograrn whi.ch re-
quires cyclic mode control. The ring counter-is designed to supply its output
frorn ten separate terrninations; however, it does not necessarily rnean that the
counter is solely used for the prograrns requiring ten kinds of control per cycle.
Because the ring courlte ! can be ernployed, sirnilarly to the decirnal counter, by
using only desired steps and unusing the other steps.
For exarnple, the circuit shown i.n Fig, 2. 10 controls a proglarn which needs five
kinds of coutrol cyc1ically.

t-

AS A PROCRAM CONTNOLLEN

Fig. z.ll PATCF{ PANEL TERMINATIONS

CLEAR OUTPUT

STOP OUTPUTMANUAL CLOCK
OUTPUT

RINC CONTER
SHIFT INPUT

-  1r  -



2.7 Logic Contfol

(I) Mode control of digital logic

The output terrninations provided for mode control of the overall digital Logic
modules are shown in Fig. 2. l l
They are STOP and CLEAR togic output terminations and MANUAL CLOCK output
or RING COUNTER SHIFT input termiuations'

The MCL terrnination is one pulse output wben the digital logic mode is CLOCK
orRINGCoUNTERSHIFTioput6ignal : thesToPterminat ionis logicONEwhen
theInodeisSToP;andthecLRterrninat ionis logicoNEwhenthemodeisCLEAR.

(?) Mode contlol of analog module

The input and outPut terrninations utilized for eflecting the rnode colrtlol ol
analog rnodule frorn the digital logic patch panel are show:e in Fig' 2' I2'
Input ierminations are RS (RESET) and CP (COMPUTE), and output terrni-
natiorrs are RS and CP, totaling fou! terrninatiorts.
The analog cornputer console rnode becotnes RESET when logic ONE eoters
the RS iaput telrnination, and the rnode tulns to COMPUTE when logic ONE
entels the CP input terrninatio!.

Output telrninations also i6sue logic ONE in accordance with the coDsole mode'
fhat is, logic ONE is generated from the CP telrnination if the console rnode
is COMPUTE; f rorn the RS terrninatioa, if RESET'

MODE CONTROL
n{PUT

MODE CONTROL
OUTPUT

RS: RESET

CP: COMPUTE

Ffg.2. l2 PATCH PANEL TERMINATION

( 3) Indicator

Patch terrnioations for indicators are shorno in Fig. 2. 13' These terminations
are used {or connecting general-I^i lpo6 e indicator by patching, to cotfirrn the
opelation of rnodules (for efahple, FLIP FLOP, AND gate) which do not have an
indi.cator.

- IZ-



LOGIC CONTRO

MC-16I

Wherr logical ONE enters one of the terminations, the indicator larnp corresponding

to the telmination nurnber lights on the control panel'

CLOCKS

'/S'A'2\"4Yi-o\c{< dut}u{
C|{C,'|C)
O*5""C,"O

"9.61919

cL- l6 l

Fis. 2, 13 PATCH PANEL TERMINATIONS Fie. 2.14 PATCH PANEL TERMINATIONS
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2.8 Clock

The patch hole rnarking of  c lock patch uni t  CL-161 is shown in Fig.  Z.  l , l ,  This uni t
consists of  a standard c lock,  d iodes and extension terrninat ions.

Te.rminat ions for the standard c lock.  d iodes and extensions are considcred to bc
explanatof y.

-  t+ -



2.9 Fan-out capacity of digital logic rnodules

Inputs and outputs of digital logic rnodules can be rnutually terrninated between the
rnodules. However, the load of an output i .s l i rnited since each output has a specif ic fan-out
capacity. The nuinber of loads to be telrr inated dif fers depending on the type o{ Ioad. Table
2,2 shows the rnaxirnum numbe r o{ 1oad6 al lowable according to the combination of input and
output of various module s,

n-

Table 2,2 FAN OUT CAPABILITY OF DIGITAL LOGIC MODULES

When a logic rnodule erroneously operates, check i f  e:<essiwe load is terminated by referr ing
to the table.

TO

FROM

GATES FLIP-
FLOP
FF - 161

RING
COUNTER

RC-t6l

DICIMAL
COUNTER

cu- 16r

MODE CONTROL
INPUT
MC-I6I

LG- 16i 5 5 I z
FF -  161 2 z I z I

RC-161
NORMAL
OUT

3 3 I z I

RC - I6I
REVSD OUT 5 5 I 2 1

cu-t6i 5 5 I z t

cu-r61
CARRY OUT I I I
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Thls sect ion deals wi th exarnple logic cornponents cornposed of  integrator,  contparator,
and the digi ta l  logic rnodules descr ibed in Sect ion 2.  This sect ion also explains {unct ions and
fundamental  appl ied c i rcui ts of  such cornponents.  For detai led explanat ion of  the patching
regarding the analog cornponents quoted in th is sect ion,  refer. to the operat ion rnanual  separ-
ately is sued.

3.  Control  Circui ts Using Logic Modules

3.  I  T rack/  s tor  e

Fig.  3,  1 INPI]T AND OUTPUT OF TNACK/STORE UNIT

VOLTAGE INPUT

VOLTAGE OUT PUT

INPUT PROGRAMMENIS SYMBOL

PROGRAMMER'S SYMBOL OF TRACK/STORE UNTT

fRTq
I
I

ONTROL

Fig. 3.2
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3, 2 Sample /hotd

A sample/ho1d uni t  can be forrned by te l rn inat ing two track/store uni ts in ser ies.  Theblock diagram is shown in Fig. 3.3. Input and output -woltages 
of each cornponent of the unitare shown in Fig. 3.4, The voltage_output No. I  actual ly 1s a negative value; however, thenegatiwe sign is ornit ted {or easy unde.standi.ng. The transter delay network, ,rhich wil l  bedescribed later, is an applied ci.rcuj. t  of this sarnple /hold unit ,

INPIIT

BLOCK DIAGNAM

Fig. 3.3 BLOCK DIAGRAM OF SAMPLE/HOLD I,NIT

INPTII AND OUT PUTFig.  3.4

-17 _
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3.3 Max. /rnin. value hold

The logic circuit  for sto! ing the rnaximurn o! rninirnurn value of a function is often

needed, Fig. 3.5 shows t*o: 
"*" ' iptt" 

of rnaxirnurn va-lue hold colnposed by cornbining relay

type cornparators, lntegrators and adders' They can be used as minirnum walue hold by

rnit"ry int ""tittg 
the siln of S'

dx
dt

X rnin

MAXIMUM/MINIMUM VALUE HOLD

- 18 -



The above ci lcuit  uses lelays.
di.gital logic inodule is usable for the
an exarrple of the circuit .

When a higher speed cornputation is required, the
comp.[ete control  by the EMC systern.  Fig.  ] .6 shows

-Xma t

s

n-

Fig.3.6 SIMPI.IFIED SCHEMATIC AND
FOR THE MAXIMUM/Mtr{trVIIIM

BLOCK DIAGRAM
VALUE HOLD

_ 19 -



3.4 Analog t i r -ne r

I t  is seldorn requi-red to forrn an analog t irne! by patching becau€e in rnany cases a
standard t irner is provided. rf  an analog t irner is needed, however, i t  can be cornposed by
patching. Fig. 3.7 shows an exarnple of the circuit  and the relat ionship between the input
and output of the circuit '  This t irner has two chanaels for alternate repeti t ive cornputatiotr.
The t irner starts operation i lstantly when the function switch is t i . t led to the START posit ion.
It  continue s operation unti l  the switch is t i l ted to the RESET posit ion.

-NEF +RBF

INTEGRATOR
VOLTAGE

COMPARATON

Fig. 3.7 ANALOG TIMER

-20_



A transfer delay component can be folrned
However, the track/store units rneiely direct ly
of a ataircase, sornetirres result lng in a large
error and rnaking the transler delay cornponent
unusable. The output waveform of the transler
delay wil l  be rnade rnuch sj.rni lar to the input
waveform by shaping the output waveforrn of the
track/store units direct ly l inked and connecting
each sampled vol tage with a straight l ine.

The above waveform shaping can theo-
ret i .cal ly be accornpl ished by the ci lcuit  whose
block diagrarn is shown in Fig.  3.9;  however,
a sl ight er.ror in sett ing the potentiornete r wi l l
be accumulated when this c i rcui t  is  operated
for a long t irne, and the output wi l l  have an un-
necessa.ry bias cornpared with thp input.

3.5 Transfer delay

I \PUT

HF-b
n csch intcg.ators

l iaking rnany track /store
an output wavelor.rn irt the

by di.rectly
l inked giwe

unrts,
Jorrn

Fig.  3.8 TRANSFER DELAY

INTEGRATORS. 12i  HAVE TO BE IN COMPUTE (OR IN HOLD) WHILE
INTEGRATORS, 12i+T ARE IN RESET, AND VICE VERSA SUCH MODES
ARE PERIODICALLY INTERCHANGED EACH OTHER,

Fig,  3.9 PRINCIPLE OF THE TRANSFER DELAY

IN PUT

r Rot\ l  ( :  Loc l i  co\TRot_
__ fLJl_iL

THE PULSE WIDTH OF LOGIC ONE MUST BE AS SMALL AS POSS1BLE IN
COMPARISON WITH THE WIDTH OF LOGIC ZERO. HOW'EVER, IF THEY
ARE TOO SMALL, INTEGRATORS CANNOT HAVE ENOUCH TIME FOR TRACK.
ING.

Fig. 3. I0 TRANSFER DELAY
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3.6 Guide to boundary value problern

The block diagrarn of a typical circuit  Jo! deterrnining the iuit ia- l  value or paramete! so

that the given equation rneets a speci l ic borr4dary condit ion wil l  be introduced here. The ma-in
cornputing group shown in Fig. 3. 11 denotes the block diaglarn for solving the given equatiofr.

That is, the uuknown which should be included in the given equation wil l  be supplied frorn

outside the rnain cornputing group.

Integrator I r  rntegnates the di f ference between y and the boundary value t  of  y,  and
changes the value ofa. Potentiorneter Pr is provided for adjusting the speed of changing the
value of a ;  the srnal ler this va1ue, the slower the convergence speed of a, and when the value
is too great, the value of a osci l lates, and sornetirnes does not convefge. This cornputation
proceeds as l is ted below:

i ) Using an albitrary d value, the rnain cornPuting group conducts comltutation to
solve the given equation.

The rnain cornputing group rs held after coinpute tirne t has elapsed.

ii i) The value ol y after compute tirne t is cornpared with bolndary value t , the
difference is integrated for a certain period by integrator Ir, and the value of
is changed to a new value simultaneously.

iv) The rnain computing group is !eset and integlator I  is held s irnultane ou s Iy.

Cornputations i)  - iv) above ale repeated unti l  the value of d becorne6 invariable' I f
the walue of 4 becornes invariable during the cornputations ale repeated, the value of y afte.r
t i rne t has elapsed equals boundary value y. That value of is the value which is being
s ought.
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Two of the above -rnentioned pafarneter tracking circuit  are added to the rnain cornputing
group for solving an equation having two unkrtown pararneters and two boundary values. These
two tracking circuits are rrot provided with any correlat ion and let to cornpute entj .rely indepen-
dently, Therefore, i t  someti ines takes a longer t irne to obtain the converged value of two
pararneters,  cornpared with the steepest descent rnethod, to be descr ibed later,  by which the
airned value is obtained fastest and effect ivelv.

, ' . (AVG STANDS FOR ABSOLUTE VALUE GENERATOR)
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