


( 1. Classical ‘pa:rallel, counters - -

1 Dlscrete pa.ra11e1 counters- A parallel counter is a device that
. determ:mea how many 4its inputs are. getive (for exalnple, ‘in_the’,
logic one state). Parallel counters are. uscd to construct fast mul—
tipli_ers, multiinput adders, associative processors [1],,maaority k
oolneidence circuits for, countjng the number of hits. registered in
HPCs [2 31 a.nd drift. chambcrs [4] for trlggcring purposes., Parallel k

; counters are effectlvoly applicoble to construction of special—pur—-
pose processors for, event selection’ according to- the number diffe——
‘rence, of hits registored in ne1ghbouring hodoscopic pla.nes [51.To:
i.mplement parallel countors, ’several mthods can be used.- Some. of :
them are the following' 1)two—1eve1 gate network Z)RCHB, PROHB and
’PLAB, 3) full adder array, 4) quasi digital countors 11, 9)- To make Ege
“a n-input counter using a: two—level gate, ‘it 13 necessary a large
number of gates 80 they are j.mpractical for large values of n- ROHs
"‘and PROHs require a meluory with 2n words of ‘x bits’ (k - 13 the" num-
‘ber “of outputs from the counter)- This total storage equala 2"

bits, and isoi, such counters are 1mpract1ca1 for large of n be(.au—k L
se modern detectors have thousands and more reglstration channels.

’PLAs are impractical for this reaeon too.
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Fig. 2 Pz‘incipa] scheme

. Fig. 1. Scheme of the (u,v):
X I .. of .the (3 2)-—counter.
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) Full—adder networka are of: practical interest because: they can.be
constructed for a large number of, inputa n and a relatively emall. -
delsy Ta “Such a’ counter havlng n 1nputs, k outputs is named a
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(n,k)—countér.ngnneEtinné betwgeh inputs and cutputs obey the ré%j
‘lation : : R '

BNt 1A inq12 UL
where n =27 "= 1, 'k =2,3,8.... . ) ' . )
'A,simplé me thod fdfvcunStructing‘pgrallel counters with nefwnfk.full—
\—addérsfisidéstribea’[1}@;73;ifhé“éSéenceldfvfhé‘déthbd be‘Eénét—'”

struéfiuﬁ'offfh;k?;Ebuﬁtéfé:hhiEh'héQé“aﬁlérgé number ufJinhf52ié‘k‘
to uée”(u;?)4coﬁnter5:hacing a éméiléfrhumbéffofxihpﬁfé"éé‘éhéhnjihf

Fig.l;‘Tﬁé‘oufpﬁfg"df”a kh;V)FéduﬁtéF‘havéubinéry'Wéighfér20;21;22

¢
'Ev&ll

- YA full one-bit adder is‘a (3,2)~cointer’ (Fig.2). A MC10180
mickocér;uitfhaving‘%é?4,5~ahd 22 hé‘fr§m {héfp;4L p3“}an£sfép“thé
S (sum) ‘and C (carry) butputs is used. This is the reason why addi-
‘tionuéf‘délé?s“(?dfse%émpié'Q”MCiOIOiVﬁiEFbtiFEuit'i;*?équéFéd“inj e

the full-adder nefwofk’to‘géﬁjé“higﬁ\fiﬁelreédlu{iﬁybf bé}gljél atto

‘counter). Fig'3

‘a), b) and c) presents (4.3)-,"(5,3

"andi(7,3)-co
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Fig. 3. Principal schemes: a) (4.,3)—; b} (5,5)= and c) (7,3)—countéfs.v
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Number.in.-squares and top on - the Iinéé;—“déla
t;‘fh? wieghts of the output;. ;j
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unters. BaSiCék{y.&the;design of (n,k)—countérs inélu&es}fhe{grOUf

ping of counter inputs into sets of three lines[7).A full adder redu-
ces -each set of three lines to a line with weight 1 (the sum output of
the adder): and:'a’line with weight 2 (the.carry’cutput>of-the adder). "
This' results ‘in ‘approzimately n/3 lines of weight ‘1" and ‘n/3 lines. of

weight 2. Each of these sets of lines is separated inteo groups of

three, ‘and ‘reduction’.continies untilionly one line of ‘each-weight
remains. The carry shower process! for n:=:31 is:'giventin Fig. 4. A"
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. full for n > 31. - Vs :

»»ﬁrinqibél;gcﬁené pf‘(éi,S)—countéra'ia éhoﬁh'lnkFig.Sﬁ The;ﬁumbér.pf:

full-adders A%dd required for (n{k)—counters can be calculated from\

a simple relation =~ i B

Nadé = n— _k.

- Since the délay of a thiee—input counﬁeiyia a*ohé?adder délai,'an
. m—input counter haa‘a delay limited by.[1,7]:

Loy

© Clogy(n ~"1+ logyml < 7, :< 2(logy(m] = 1. U+

kﬁﬁg.44; PTincipaliéqheme off(31,5)—couhtér.Ihe nuﬁbers‘in;sguéres;
: delays; the numbers on thé top of the linés - total dblays;'
o ithe numbers»1n;rectangles,—‘theﬂwieghts;of‘thefjnputs‘Iines.

The charateristics of some parallellcountera is given ingTable.f

R ¢ N .
The power consumption - is given by condition that. the loading

‘resistor is 620 Om. As it follows from Table the FASTBUS is use-
Quasi-digital counters. It is clear that ‘delay 7 is-the most es-
Bent;al!characteriétic of,a’parallel~counter. The}f;stest parallel




F35n~5 Chrny ahower fbr n ; 31’[71;
Dotted arrows Indjcate no

6. QUaaI djgital (7 3)—coun—ﬂ”
ter- K] - K7Lcomparatora.
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‘counter can be conatructed using guasi—digital techniquea [1 8] A cir—"
cuit for a aeven-lnputs quasi-digital conter ins’ shown in Fig- 6 The

total delay of: this counter is .

. B Lo o

T

+:5 ns8,

where 1' is the delay added by a reaistive network (T
31) [1]- It is supposed” that FCI~logic is used for. making a quasi _\£;
digital counter. The diaadvantage of this method 'is that analog net-

works are used and so it is difficult to suppres ‘noises. That is- -’

a= 5 nc for 'n =

T at the firstietage
- as described above.::’

/ Ry

T‘why quaBi digital countera have an input limitation of 50 [1]. It ia

,clear that large countern can’ be built uBing quisi digital countera

W

Table S I ,,j_‘
Characterlstics of some parallel countere

\

fandfripple%carry}adderEQét'the eubaegueht;atagee’

2 ParaZZeZ comprescors fbr f&st trzggerzng in calortmeters. Parallel
counters are widely used ‘for:the construction of parallel k

-'compreesors of fant multi operand adder devicea [9,10]. Tree addera .

are in use for the trlggering in the calorimetera [11]. But it takeB
"much time and requiruu many adders ‘for such diacrete triggere Ana>
f]og addera have: number ‘of lucks- unBtability of characteriaticu and .

restricted functional capabxlities ‘As ahown Ain [12], parallel comp— -
éreasora can be uBed for fast - triggering in the calorinetere Ve . de—i

\algnat this device as (HAm)—compreBBor where Mis the number of ad-

- idends and ‘m the" number ‘of bits in a summand. Parallel countera are .

i

: the esaential part of pardllel conpreesore. " For clearness let us

consider’ an example. Assume that it is necessary to-add fast 15 15-bit
’digits as . shown in Fig. 7. Sunmation for' n 15 is‘divided in’ four
etages. The number of bits of' egual Weights is‘counted at the first

‘Counter 43,2) |(4,3) {(5.3) |(7,3) |(15,4) |(31,5) |(83,6) |(127.7)
Parameter | | | ' T IR ,
" The numberk S 1o e i 5
MC10180 - | 0,5 . |1,6 (2 . [z~ 5.6 113 v | 28,5 | 60
Delay, ns | 4,6 |11,2 |11,2, [11,2 [17.9 24,6/ | 31,3 | a0
. The number. | 0,25 (1,6 1,6 |2 [s ° |g, 75 |16 | a2
CUMC10101 | - ' SRR B S
‘kPOQer‘diﬁif o R T EER ] BTN :
sipate, Wt | 0,25 |o0,92 ‘1,12 |1,22 | 3,3 7,08 130 "

N



gt;age w:lth the a:ld of (15 4)—countera.‘ For exanple, : the 1 ,yat column Ly

; (right) haa 11 ones of weight 2 .or 1011

1

the 2-nd colt.m has 8.

_ones of weight ‘2% and 80 on. The 15—th colt.m has 5 ones of weight s

6 e

2 ..'.“.“‘/‘”-

., 01100110000110
~otol10%0101110
1101101001110
“1100101'1010001
01101101014110
00001010100! 11
0011001100001
0101011010101!
J.01t110110f 001
. 00110010110100
1111011010111
0100004010000
1100101.1001100
0110101011010l
T )1 1101111014010

~

1000110011011
©'000110001 1100

110101101 11000/0/

+ 0110104100011 1

0001011111001 10111 -

{101011001010100..
+-+)000000000100°"

,-11000004140110011 1

'0001011001000100"

=30645

‘—_oo—..o.._._.._.—o__.

01“01“00”0000“1

‘Fig.

sjan of 15 v15v~b1n‘£|ry(nymb‘eray.[

214

and after the second stage number of addenduma is compreaaed to'3

7 Eb(ample of column comprea—

Wu}hts

: ‘, B InpuTs

19 14 1y 14 vvacw‘

= 13089 , , RREET

mn{thslnws.ﬁnA»uas 73 2] [0 4]
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7363
11085 i- ststuge
= 15783

= 6504 -
=i23079
= 8515
=/26008

= 13674

2-nd stuge
;¥d.3tu9e >
24 4103

- ‘Fo'ux; “vyo'rd‘a‘ Are b‘btai‘ned aft.er"the first stage of conpresa:ldn g

%
~ ;
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‘Fjg.: 8,&) Scheme of (7 7)—camp—
i ressor; 'b) colunn campreaajon G
. of .7 .7-binary nuq:bera-. -

_ones. A (4 3)- count.ors are: uaed at the: second Btage. At least .two:
words are summed with t.he ald of . a 15—-b:lt adder. The Bchene in Fig. 7
can be. uaed to conatruct a (15 15)—conpresaor- I.og:lc connect:lon in ;
Fxg 8,a is perforned with the help of the scheme presented :ln Fig.

.

8 b '.l'he diagran for the construct:lon (15 7)—‘

\

(31, 7)—

(127, 7)—compresaors :ls given in Fig. 9 B:lnary numbers 1:'and O are

: marked by po:lnts [12]- From Fig. 9 it is seen. that the (15,7)-c

ressor cona.lata of aeven (15 7)- counters ‘at the first- Btage,

omp—
four

(63 7)~ and'>‘J 

(4, 3)— and. (3 2)-—countera ( (2 2)— :la the: spec:lf:lc case of a (3 2)-" -

;
|

L Patalle? : Compressor

o ’|| o) ,
S fNotuse '
Cfortss

LN G o

Ny e

N ~—u.fgq,_§

2

: Fjg.g Djagrams for the constructj-:
‘on (15, 7)-;.(31,7)-; . (63, 7)-"
~and. (127, 7)—compreasors. R
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counter) and so on."The last stage of compresaors ie always a bina-tt-”

Sy adder- By analogy, parallel compreeeore can: be conetructed for

arbitrary }Iand m.nThe :number of etagee L is’ equal to that of binary e

digite necessary to preeent M. It should be marked that a parallel
compressor for large M can .be:!'made . using a compressor with smal- '
ler M. The time of compreeeion T equals the sum of delaye of (n,k)-
(k;g)— - (3, 2)—countere plua the time 1' for add nrbit digitai

,AT

(n k)—wi “"9"';

Assume that T 12 ne for ‘a 7-bit adder with a faet carry The calcu-

lations show: that 1' for (15,7), (31 5),,(63 6)— and (127, 7)—comp—
resaors are 48 ‘56, 64 and 68 ns reepectively The use of ‘the tree me-
thod takes 60 ns for; addition of 15 7-bit’ worde. The same time S ¥-3
needed for. the compreeeion of 127 eummande..

: ; Sequential—parallel compreeeore
During the laet few yeare cellular automatione and rectangular
universal iterative arraye have ehown coneiderable promiea in the
_solution of problemg of .pattern recognition,limage proceeeing and 80

on. Hany of the problema in experimental high energy phyeice are. al—'v‘

80 of thie nature'ftrack reconstruction in wire chambere and cluater

finding in cellular calorimetere [13]. Below we present how iterati— o

ve arrays [14] can: be ueed for constructing faet and effective devi-i”
ces for the determination of multiplicity t registered in hodoecopicu
planee having n inpute where n >> t. Suppoee that the inpute n.are:

.10 There are: three etagee of compreeeion- At the first stage the'

ones from the array, inputs are shifted’and: compreeeed at - their outputa

with the aid of the iitterative array. Then. they:' are counted with the
help of (4 3)—countera The outputs of :the.counters are’ grouped: and
connected -to the inputs.of the parallelucompreasor.Binarv digits are

~'tector operatee are coneidered as an error vector to the code word

'*Thie word arrivee at the input of a eyndrome ehaper (encoder). The

f,‘copic plane. For n L 63 and = 3

encoded to unitary poeetion codee by the encoder E' The delay T of .
such device ie : i ¢ R ' f;‘,
‘ch‘ 2_1'(; Rk Tpg ¥ Tcom Bt 1

where Jb ia the delay of a'gate, k the’ number of inpute in one gro—

up, Jéomb the time of compreeaion and E'the delay of the encoder K.

III Para1lel countere for 1arge inputa R )
Use of the ayndrome coding mecbod [1o]. A great number of multi-
channel position‘eenaitive detectore is in use’ in high energy ;phy-_

) )eice experimenta There is a amall number (10-152) of eignale for

proceeaing with Lhe a1d of electronice The essense. of the method

“is the following The number of hite regietered eimultaneouely in a

poaition—eeneitive detector ie denoted by t If the de*ector does, not J
operate,'we get a zero code word and onee occurring when: the de—vud

/.= 1ogzn. i |
where n - ie the number of poeition—eeneitive det tore in a hodoe—

18 In othervworda, we have
the' effect of compreeeion from a 63- bit unitary poeition code .to a ‘
18 bit code. Ae it followe from the coding theory.‘N'carriea infor—»
mation both on the number of 2t hite and their t coordinatee The o

efficiency of the method increaeee with increaeing n. As a reeultk‘
it ia’ “possible. to-use RROME or: parallel countere for a 1eeeer number
.of inpute n. The compreeaion coefficient

The author hae euggeetcd to use iteration codes for the determina-

tion of the number of hite regietered in pixel detectors The method"

of conetruction of iteration codea can be explained ueing the follo—~,"

wing examplee At firot 1nformation Xid‘- 0 1 preeent as. a matrix
[16] - - o




o lnfornationlaynbole . Row parity‘check L

: ( 7;”(1);
= Column paritv “ZXil leZ (213...- 13.--2X1n«,‘ ’
. check S i 1 i—l-; i=1, ,1“1\1,, =10, Ly

\- R eJ i B PRl A SR
Then' parity Bynbols are added to each row and column Figure. 11 e PRI
‘givea a Bcheme ‘of’ the iteration code- We euppoae that each aymbol in : "1”
‘the pixel detector correaponda to a’ matrix element Ae information ‘ e
; aymbola are zero according ‘to the eyndrome method the parity bit : m

carries data’ on hita regiatered in the' pixel detecto

noted the classa’ of iteration codes is very wide becauee combinati- j_ !
“ons:of ' different codee having an algebraic etructure can be ueed for ‘

iteration. ‘As’ known fro':the coding theory,,there is a Binple rela— ;‘

tion: for ueual correcting codee t —'d - 1 where d is the coding 'w ‘
7 A ]_d2 ‘-..cs, wh‘ e r is the mmber
“of codes ueed for iteration. The nunber of codee uaed for iterationk,v~
is called codedimensionality.fl‘he simplest two—dimension iteration' '
Vcodee are OR—OR ( ar= Idb“ 1 5x1/5 t 2) and RARTTYHR&RITY (d 2x2
o= 4). Then the coding diatance ‘of a four imensi nal OR-OR - IMRTTT—

\‘diatance. For 'iterati n.codee d

iE E TR 3T T e ,ﬂ/

FHg.12. View of‘events In two-dimenaional plane, tﬁied.EYQ ééen;'xubad.

10

l‘turee for t

rix with 31 rows: and: 31 columne. For Binplicity

~PARITY iteration code ia 8 and thus ¢ = 7. Below we show how the '

»eimple 4-dimensional iteration code can herueed'foridata‘compreeeion

registered in a multichannel‘piiel'detector‘and}for the consruction

" of a parallel counter for large n > 500 [17].. Figure. 12 depicts the

views of -events ‘in two—dimensional ‘planes for. t =iy < 4 The POBi—

t]onakof the events are not". taken into accaunt “We determine the

0 ,fZE~?1 DE

}number of events by counting the number of paritiee (odd and even)
t1n rows (X—coordinate) and columne (@4 —vcoordinate)- Ae seen, ~from
'Fig. 12, for: t

1 we have one QDD for- the X’coordinate and’ one  ODD
fbr the - YLcoordinate only. For t = 2

e

10: different, picturea reepectively’ Figure 13 preeente eimilar pic~'

'3-and (4 we have two, four and

TP

5 and t Symmetrical pictu—x

k6 (E— even and E'

[T

res which give an identical reault are not shown. For example, letz

us assume that a pixel detector hae 31x31 pixele arranging in a mat—-
Fig.; 14 - gives an -

eaaential part (of . the acheme for one- rowf. Ae zero: is: an: even

" digit, some QR-gateB are. reguired to check-if a row or ‘a colunn has
‘at 1eaet one hit Couning the number of paritiee and combining the

encoder outputs by connecting them to the correeponding inputs of
the - ANDhgates, we can: ‘determine the nunber of hita regietered in a-’

’,pixel detector: faatly and economically- It ia not difficult to cal—‘j



culate the delay.of ,pulﬂef"};rc“. .

”ijb = Ib + 22b + Ibc 1&. SRS

'ﬁhere“lb - 1is the delay of a: parity checker,glb .the delay ofzan AMb

gate, PC - the delay of a (31 5)—counter and . T, delay of an [@Nco—:;,

K K.
der. If ECL logic is used then Ib = 12 ns (for 31 inputa), 1"" 2

5 =
ne,.lbc

,th. 14. Ehsentia] part of tbe de—a
vice para]]e] caunter fbr the ixel Iating parjty'checks fbr n
" “detector havang 961 plxa]a ‘PC pa¥¥ ="144. R .
rallel counter;vd:— ORLgate,,&»—flMﬂLf\ﬂ‘lwlﬁ‘Uh?“5=&$ 4”7-.’w9f*t

‘),..:y R R TR TN R I3 P

irity checker for 144 inpute having 12 ns’ delay is- ehown in~ Fig. ‘15
It should; be noted: that for: the: determination nultiplicity t >7 1t
-is neceaeary to uee
tance, d. There ‘are two methods. to increaee the" value of 'a d. 1. Uae
two additlonal diagonal parity checke 2L The use of codes having '
.greater coding distance: It ‘is ¥nown that ‘the modified Hamming code
has a codlng dietance, d; of 4 Then the iteration Ham-ﬂng—Hamming

128

25 ns andjlhﬂ 4 ns. Then' Ib ;43 ns ! A scheme of‘the pa—-

Fﬂg.‘15 Sbheme fbr ca]cula-.

~v1terative codes having a. greater coding die—'“=5

code has ‘d =16 and t = 15 In addition to- thia,,l{
’ natee can be determined with the aid
"ding to the relatlon [18): » .= (d -.1)/2.

t/2 coordi- ,
of . such code accor--\,; .
i g“IV. Use of superimpoeed codea

P

It is convenient to use them in light coding'ayetene and -when-

‘iaignale have a amall amplltude (analog Bignala). It is important

that light and electronic amplifiere—mixere can be ueed to calculate

. ouTPUTS -

T

‘ ':'F.ig. 16 Cading 23 7matz-1x-,

i

. the Byndrome and it ie unneceeeary to uee a; modulo two—adder hav1g

invertere.zﬂowever, the compression coefficient K of such codes. is
smaller than that of the well known lK}Fcodee [18] used for data

lproceeeing in pixel detectore which eyndrome ie calculated not by

modulo—2 but by the Boolean Bum ‘rules. Nevertheleea, euch codee are

'ocintlllation hodoecopee and calorimetere [15 21 23]-.If light eig—f
"nala are coded, photomultipliera can, be ueed to calculate a, eyndro- ”'

"me. Below we, ehow how a ﬂuperimpoeed codee -can be ueed for event ee—,

lection-,In accordance with the eyndrome coding method before the

vdetermination of myltip]icity t information from the hodoecope pla—}

ne wlth regietration cha le n ia compreeeed to N'with the aid of a

‘roding matrix.‘Thla al]owe faet PWOHb to’ be ueed for further analy—
"eie-rln the general caae the coding matrix H’ ﬁ'_coneiate of diffe—_f

rent n columne and N rowe. Each column ‘is connected -to-a regietra—‘:

' tion channel end evcry row to the inpute of a aignal mixer—anplifi—

N

13



"5following characterietice [221: ‘1. There are n

er; The author has suggested an effective coding matrix having thej

columns and N

rows. 2. Only two:ones are in each row (the branching coefficient of o
%/N. For ex- -

signals equals 2) 3. The compreeeion coefficient K
: ample, let n be 28 and then N = 7. Figure 18 ehowe schemes of the
coding matrix L&B 7 and Fig. 17 shows scheme for .calculation of the
1-s8t 3—td 4—th and 8-th syndrome bite. Opticel fibere -and mixere
can be used " for coding- s - : L

NSRS

3.10.16,21252627 7 1, 8,164,490, 23,2628 ‘ o

11 l
ovove 0
I ovovo o
ovawt ¢
ovivoat
bl EE ] Tvevo 1
| Iveve 1
M| 0 ovo 0
11 0 0v0 0
mts 1T T w . & 5 da ouThuTs
PMS s TRack St e T TRACKS . 4, : pMS

4, 11.17,22,23,2425

Lt

o~oeoeco-~

: Tig.‘17;”5bheme ‘for calculating‘*' Fﬂg. 18 deing maekhdetector f”

-8t 3-rd; 4-th and 8-th bit
ayndrome.' B

"'VUeing‘euchft
3*5 dg4 can he selected. The coding matrix ‘can’ ‘be created ae a'

;maek where black equaree are ecintillatore and white equaree.ueual
glaee (Fig: 18 )-,The coding device algorithm is the following [20]-
Let ue consider eome examplee. 1 The only one particle is regiete—

“red in the plane, i e-“t'; 1 and there ie no clueter. In this caee‘:
-~ the syndrome weight can be equal to two ThuB, if a11 matrix columne
/. are’ different the 7-bit code carriee information on the coordinate

of a hit 2.°If a double clueter ie genereted then the eyndrome -
‘weight w ie equalto ‘3. 3.A tripple clueter wae generated from a eing—

le particle in the p1ane Thue, the eyndrome weight ie equal to 4.“,'

14

. Seintillators — 1..lll.llill..lill...ll30

; coding matrix, one event with a tripple clueter as

ZThe method of coding for b > 1 ie given in [21]- For example it ie
neceeeary to create a acintillation hodoecope with N = 30 scintil-
,11atore and multiplicity tg 2 What minimum number of multipliere is

. " . . Y
nceded Let»ue conetruct e.matrix HSO 11. s SRR . )

©101010101010101010101010101010
010101010101010101010101010101
100100100100100100100100100100-.
©1:010010010010010010010010010010 .
s B 001001001001001001001001001001
L: 31,11 100001000010000100001000010000
E :010000100001000010000100001000
.| 001000010000100001000010000100
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. Fig. 19. Coding maek—detector for t <2,.n 30 and N = 1‘;,
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Only 11 PHe need for multiplicity t 2 Optical fibere can be ueed fo

; coding. The coding matrix can “be created as maek aleo (Fig_ 19)

Cﬂuster countera- The coding matrix H%4 8 ‘can be used for counting a

"“\i eingl clueter with dmeneione 1 b\< 8.

The matrix Hb4 8 ! is compoeed of unitary matricee 8..Fig. 20 givee
‘a echeme of the counter- The RROHB programmed 80 that the eyndrome




—weight w = 1 then b = 1 and 80 on. The»efficiency of the coding

scheme

we muat use a un1tary matrix of the order o

1847,2533
SRR *;q
20,1826 — |*

34,42,505877] |
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B )
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- 81824,30

. Fig., 20. Scheme of the cluster counter for n = 64, N = 8 and b = 8.

Supebjmposed‘itebatjon codeﬂ.‘Tho uaual Hamming (d= 3l'and the Gray

10000000 -

01000000
- 00100000
00010000

H = 00000100
64,8 '00000010

00000010

increaaea Hlth encreasing number n-vIn general for b = 2

00000001

ONGUAWNR &

2160

|EvagLE -

4

(5' "d.s 4) codea arec shown Lo be Buperimposed ones [22]. Tﬁat is

Jway the 1taration ORLHamming, CMFGray and Hanming—Hanning codea are
ylnteresting for the conatruction of coding schemes for scintilla-

tion hodoscopes [23] hodoacopic calorinetera and pixel detectors.,'

"~ For example let. n be: 225 pixels or scintillation counters which ar—"
- range the matrix having k= 15 rows and 15 columns. Let us calculate
,the ayndrome for rows ualng the (15 4)—Gray code and for colunns ‘by
'the Boolean sum rulea Aa all the rows are coded equally. the coding -
4acheme ia identlcal for all 15 rows. The coding matrix

15 4
,représenta the 4—bit Gray code [16] I i’
| : N )
x L eyt 0] 110011001100110 -1
b g o Hpet 4o= 0 01.011110000111100 | .2 -
‘ o Sn e 17000111111110000 |3
EER S - w7 000000011111111 4.
| a1 s
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Fﬁg_ 21 Sbheme fbr calcu]ating tbe &yndrome fbr one row.
e A B QR—gates, 1 -4 - outputs.ft‘l“
Fig; 21 preaenta a principal scheme used to calculate the aynd—
rome - for- one row. To ca]culate the ayndrome for all the Bchenea, 157

ORLgatuB having 15 inputu and 4x15 CMPgates having 8 inputa are nee—'



R ,~126 (1975) 519.

kded It should be streued that photomultipliers can be used as an"kl
OR~ gate TMe coding dxstance of such an’ iteration code is d=1. 5x l»
x3.5'= 7. The determlned multiplicity t is egual to 6. By analogy, .

) more powerful superimposed 1teration codes can be constructed o

'

e Conclusion %:H -
Several methods of ‘the’ construction of’ parallel counters used for
-- fast s1gnal processlng registered in multichannel charged particle

detectors are described T%e author has suggested several types of

' the parallel counters ‘which can be used to implementation of. maJority .

coinc1dence c1rcuits having - ‘large” number of inputs 'n > 900 and
nmall delay. It is shown -that for the construction of such' dev:ces
preliminary data compression based on syndrome coding method should ;
be used Broad prospects of application of parallel compressors for

obta1ning the sum of a’ large number of signals registered in
celorimeters should be also noted.ﬁyyﬁ\; :
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