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I. Classical parallel counters 

1. _Discrete parallel.counters. A parallel counte_r,is a device that 

determines how many , its_ input·s' are ,m:tlve (for: ex~ple, in the 

logic one state). Parallel counters.are used to construct· fast mul-
, . ' . ~ ' ., . " ' 

tipliers, multiinput adders. asaociative proceoaora [11. majority 

co~ncidencl_'l circuita for.countlng the number of hito registered in 

HPCs_ [2,3] and drift chambero [4] for triggering purposes •. Parallel 

counte~s aro_effectively appli~able.to ~?~otru~tion of.apecial-pur­

poae processors for, event aelection,according to the number diffe­

renc;eo.f hita.r~gistered,ln n~ighbouring hodoscopic'planes [5].To 

implement .. p~rallel counters. ; several' me~hodn . c~n be used~ Some. of 

them are the·following: !)two-level gate network; 2)R0Hs, PROMs and 

PLAs; 3) full adder array; 4) quaa~-digital counters [1,9). To make 

an-input counter using a two-level gate. 'it:is necessary a large 

number of gates so they are impractical for large value~ of n: ROHa 
. . n .. . . .. 

and .PROHa require a memory with 2 ·words of k bits (k - is the num-

ber,of outputs fromthe c~witer)."This totalatorage equals k2n 

bite. and so such ·.counters are impractical for largo of n becau-
1 . I , , . , ~. , ' 

se modern'detect~i-aih.avE;-thousands and 'mo're registration channels .. 

PLAs are imprac.tical' for this re.ason 1 too"·: 
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Fig. 1. Scheme of the. (u,v)· Fig. 2. Principal scheme 

counter •. of the (3.2)-counter. 

; 

Full-adder networks. are of practical-interest·becauae they can be 

constructed for a large.number of. inputs nand a relatively' small 

delay~ .·Such a counter having n inputa. k outputs is named a 
·, c . 

~ 
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(n,k)-counter. Connections betweE!n inputs' and outputs obey the re­

lation 

n k - 1 
L a. = L q. 

k i = 1 ,1 i =: 0 1. 

where n = 2 - 1, k = 2,3,4 ••• · •• 

?i - ' a. 
1. 

0~1; q o,i, 

A simpl~ method for constructing parallel counters with network.full­

-adders_ is described r1;t.,?J~ The. essence-cit the method tor c;,;nst­

struct'ion of' Cn;k)-c.ounter~:.~•hii:h·have a large number ot'.inp'ut's is 

to use C u, v)-cm!nters ha~ing a smaller· number' of inputs a's sho~m in 

Fig.!. The outp~Jts of a (Lo,\')-cou~tef hav'e binary weights 2°;2\22 ~ 
~-~1'' . ., . ' - . .. ' "•. . . . . 

••. 2 ~ A full' one-bit adder is' a (3,2)-'counter· (Fig.2); A MC10180 

microcircuit'' having TC'4,5 and 2·~2 ns from' 'the 'p
1

'· .:_~·'inputs to th~ 
S (sum') ~nd C (carry) outputs is tJsei:l: Thi;, i~ th~ reason why .i.ddi­

tion of delays'(for,e;:ample 'a MC1010i microcircuit is'requered·in 

the full-adder neh~ork to get a 'high time.::.resolut'in of parallel a 

counter). Fig 3'a), b) and c) 'presents (4-,3)~, (5,3):.:and'(7,3)-co-
:,,··,· 

~~ 

P4--l 

Fig. :3. Principal schemes: a) (4_.:3)-; b) (5,.:3)- and c) (7.:3)-counters. 

Number. in. squares and top on the 1 in~s - delays:·· 

2° .• _ r • •"r···_ the wieghts o'f .the output~. . . 
J. ~-.· :"'· 

Linters. Basically, , the design of ( n, k)-count~r;s in2ludes: the)'grou-

ping of counte~-i~;~ts :into sets of three 'line~ [71~-.Aiull adder redu­

ces each set of three lines to a line with weight 1 (the sUm output of 
the adder) and•'a.Jine with weight 2 (the.•carry'output o_f.the adder). 

This· results· in 'approximately n/3 lines of weight 1 and n/3 lines of 

weight 2. Each ~f these sets of lines is separated into groups of 

three,· and reduction continues until:only one line of'each weight 

r~mains~ The carry shower process: for n.='31 is given'i~ Fig~·4.:A 

~ ~' !.;.;- ·~' . 

,..,;,. 2· 

principal,scheme of (31,5)-counters is shown in Fig.5. The.number. of 

full-adders Nadd required for (n,k)-counters can be calculated from· 

a simple relation 
N ·.-add- n- k. 

Since the delay of.a three-input counte~ is a'one-adder delay, an 

n-input counter has a delay limited by~ [1, i1 · 

[log~(n - 1 + loB2n] < T c :< 2(1£)B2(n)] - 1. 

!I 

Fig. 4. Principal sqheme of (31, 5)-counter. The numbers in, squares 

delays; the nUmbers.on the top of the lines- total delays; 

·the numbers in ·rectangles - the' wieghts of :the 'inputs .lines., 

The charateristics of some parallel counters is given in Table. 
J 

The power consumption is given by condition that the loading 

resistor is 620 Om. As it follows from Table the FASTIJUS is use­

full for n > 31. 

Quasi-digital counters. It is clear that delay T c is·the most es­

sential.characteristic of a parallel counter. The fastest parallel 

3 
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Fig .. 5. Carry, shower for n, ; 31 [7]. Fig. 6. Quasi-digital (7.3)-coun-

Dotted arrow indicate no 

proceBBing _ .. 

. 'ter. Kl -; K7-comp;iratoro. 

coWlter·can be cohatructed uaing,quaai-digital.techniquea [1,8]. A 'cir­

cuit for a.aeven-inputa quaai-digital.conter ia·ahowri in Fig. 6. The 
total delay of.thia counter ia 

T = T' + 5 ns. c a · · 

where Ts is the delay added by a resistive network (T c = 5 nc for n 

31) [1]. It is supposed that ECL-logic is used for making a .quasi -\._: 

digital COUnter. The disiulvantage of this method ia that anaiog net­

Works are used and ao it ia difficult to aupprea noiaea. That ia 
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'why quasi-digital COWlters have an input limitation of 50 riJ. It is 

clear tl1at large countera can be built using,quiai~digital coWlters 

Table 
Characteristics of.some parallel coWltera-

C'..ounter (127. 7) 
Par~ter 

-- ---

The mimber 

HC10180 .o.s-. 1.5 2 2 5,5 13 28.5 60 
Delay, DB 4.5 11.2 11.2, 11.2 17.9 24.6i 31.3 40 
The number . 0.25 1.5 1.5 2 5 8,75 16 32 
HC101011 . 

j 

Power die--; 
aipate~ Wt I 0.25 10.92 I 1.12 11.22 I 3,3· 'l.7.o8: 1 14.9 I· 30 

at the first stage and ripple-carry 'adders at the aubaequent.atagea 
aa deacribcd above.\· 

2. ParaZ.ZeL 'compressors for fast triggering in caLorimeters. Parallel 

counters are widely use'd for the construction of parallel 

compressors of faat multi--;oporand·adder devices [9,10]. Tree' adders ' . ./ -

are in u.oe for the triggering in the calorimeters [11]. But it.takes 
much· tim and. requirm) a1<iny adders 'for 8uch dlacreto triimera. Ana:. 

log adders'have·numbor'of lacka: unstability of characterist:;ic.o and 

.~estricted functio_nal· c'apabilities. As shown in [12]. parallel COIIlp­

,ressors can be used for fast·triggering in the.calorilllCtera. We.de-

1 si~at this device as (H.m)-compresaor where H is the number of ad­

,idends and m the number of bits ln a BlDillland. · l'a~allel co~ters are 

the essential part of parallel COIIIpreasora. For clearness let us' 

consider' an example.'Assume that it is necessary "to add fast 15 15-bit 
digits aa shown in Fig. 7 _ SUDDation' for' n = 15 ia divided in four ·. 

atages~ The' nwnber of bits of equal weights is counted at 'the first 

s· 
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stage with th~ 
(right) haa 11 

ones of weight 

aid of (15.4)-'-counters. For example. the 1-at 'colilion 
. 0 . . 

ones of weight 2 or 10112 • the 2-nd column has 8 

2 1 and so ori. · The 15-th colUIIIIl has 5 ones of wight • 

.J.4 • • : • •.•••• : •• _2o ~i.~hts _ 
.011001100001101 =13069 .• 

OIOIIOIOIOiiiOI afl613 
II .1 0 I I 0 I 00 It I 0 0 = 30364 
IIOOIOI't0100011 =26019 
0 I I 0 I I 0 I 01 I I I 0 I = 14013 
00001010100111 I .=. 1359 

001 I 10011000011 = 7363 

0 I 0 I 0 I I 0 I 0 I 0 It I = I 1095 1-St Sta~e 
011110110100111 =15183 

II 001 Ot.t oouoo o 
011010101101010 

+)I 11011110110101 
1000110011011 I 

0001100011100 I 

1.101011011100 0. 
+) 0 II 0 I 0 I I 0 0 0 I I I 

000101111100110111 

II 0 I 0 II 0 0 I 0 I 0 I 00 
+)OOO 000000100 

= 6504 

= 28079 
= '8515 

= 26008 
= 13614 

. = 30645 

IIOOOOOIItOitOOII L + . . . 
0001011001000100 

0111011 100110000111=2.44103 

2.-nd sta~e 

3-d sta~e 

· Flg. 7. Example of colUllUJ compreB­

Blon of 15 15-binary .numberB. 

·.j·. ' 
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Fig. B. a) SchBJDB of {7. 7)-cOIDp-
, . , . I 

reBBOr; 'b) colUllUJ .· CC?JDPrBBBlon 

of 7. 7~bln;;u-y nllll!berB. 

14 . 
2 • Four words are,obtained.after_ the first stage of compression 

and after the second stage number of addendWDB is compressed to 3 

ones. A (4,;3)- countora are used at the .second stage. At least.two· 

words are su.med with the aid of a 15-blt adder. The scheme in Fig.7 
. ' . 

can be. used to construct a (15.15)-compresaor. Logic connection in 

Fig B.a is performed with the help of the, scheme pre~nted_in Fig. 

'6 
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B.b .. The diagram for tlie construction (15.7)-. (31.7)-. (63.7)- arid· 

(127.7)-compressors is given in Fig. 9. Binary numbera··t and 0 are 

marked by point~ [12]. From Fig.9. it._is seen that the (15. 7)-comp­

reasor con~ists of seven (15.7)- counters at the first stage. four 

{4.3)- and.{3.2)-counters {2~2)- is the SPecific ca&e of a {3.2)-

0 
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1 ~' •• i .•• 
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·:····· I 
•• :::::::::: ••• 2 

2) 

Olltpllt.S 
I 

Fig. 10. SchBJDe of BBguentlal­

-paioallel 'coiDpreBBOr. 

1··- OR-gate; E .:. enco­

der; & :- AND-gate. 

In+61.mat.Lon &Lts 
----'-- K2. __ ___, 

SYnd1.ome fi) 

Fig.9. DlaifraJDB for the''conat;.u;;'ti- • Fig.· 11.' Structure achBIDe of 

on (15. 7)-; {31. 7)-; . (63. 7}-; ' th~ 'iteration code. 
and, {127. 7)-compreaBors .• 

',\ ~ . ; 
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counter) and so on.'.The last etage·of compressors ia always a bina­

ry adder. BY. analogy. parallel c0111preaaora can be' constructed for 

arbitrary Hand .m. The .number of atagee L is equal to that of binary 

digits necessary to present H. It·should be marked that a ~allel 

compressor for large H can be ·made uaing a compressor with smal­

ler H. The time of compression T equals the sum of delays of (n • .k)-. c . . 
(.k.q)-; ••• (3.2)-counters plua the time T

8 
for .add .m-bit digits · 

Tc = T(n.k)- + T(k.q):_, + '" ~ ""-- T(3.2)-+ Ta. 
..J . ' .· . 

For a {7.7)-compreesor we have (see the Table) 

Tc, '7 T(7 • 3 ) .f. T(a~ 2 +·:.TS = 28 na. 

AaBUJDB that T = 12 na for a 7-bit.adder with a'faat carry.The calcu-
a ... ·. . . . . ... • . 

lations show thatTc for (15.7). {31.5).:~6~.6):-~and (127.7)-~0IIIIr 

reaaora are 48 •. 56.64 aDd 68 DB respectively. The USe Of the tree me-
, . . ' 

thod takes 60 ne for. addition of 15 7-bit words. The same time is 

needed for the.compreeeion of 127 eummande.f 

.JI. Sequential-pa~allel' compressors 

During.the laet;few years cellular automations and rectangular 

universal iteratlve'arraye have shown con~iderable premi~·{n.the 
solution of problema of pattern recognition. lmage.proceeeing and eo 

on. Many of .the problema in experimental high e~e~gy physico are al­

so of this nature: 'track reconstruction i~ wire chambers and ciuater 

finding in cellular. c~lorimeters [13]- Belo,.: we pre~ent how. iterati­

ve arrays [14] can be used f~r constructiltg fast and effective devi­

ces for the determination .·of 'multiplicity t registered in hodoecopic 

plane~ having n i~Pllte wh~re:n >> .t. Sup~se.that. the ~puta n are 

divided into equal ··{iro~ps ~d t' ~ .,4_ For simplicity a principal' 

scheme of the device· for ~ne:groui> having 7·inp~t~ is shown in Fig~ 
10. There are .three. 'stages of c6mpression~: At t~e· first stage the 

ones ~rom the array inpute.are shifted and·compresaed at their outputs 

with the aid of·theitterative array~ Then theyare counted with the . ~. ~ ' ~ ' . 

help of (4.3).,-countere. The outputs of the,countera are grouped and 

connected to the inputs of the parallel compressor.Binary digits are 

8 ' 

I 
i 
I 

I 
·I 
·I 

. 
' 
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encoded to unitary pos~tion codes by the encoder E. The delay TC of· 
such device·is 

TC = 2TG n/k + TPG + TcOIIIp + Tg•. 

where TG is. the delay of a gate • .k the number of inPllts in one gro­

up. Tcomp the .time of. compression and E the delay of the encoder E. 

III_ Pa1•allel counters for 'large inputs 

Use of tl1e synd'rome coding method [15] ~· A great number of multi­

channel position-sensitive detectors is .ln·uae in.high energy,.phy­

sics ~xperiments. Th~re .is a small number {l0-15%) of .~ignals ~for. 
procemiing with. tlle aid of electronics. The essenae of the .meth~d·· 

· ia the· following. The mmber. of hits registered simultaneously in a 

poeiti~m:-aen~itiv~ d~tecto~ ia denoted by t.If the.d~te~t~r do~~. not 

. operate, :we. ge~ ·a 2:ero code .word. and ~me~ o:~urr~ng' when.; the. de~. 
tector operates are considered ae an error. vec.tor: to' .the c,ode word. 

Thie word arrivea at· the input of a syndrome shaper {encoder) .. The 
"·.·. '. ' ·." : ,. . • . • ' •::' :,>: ' .;',, ,· ·•·•.••· < 

number of bite -~i the outputs ,o~ the. en~odef dEI'::ease,a. t~ ~i_,=,, l~c2~.,; 
where n - la the number ofpOaition-aenaitive detectors in a hodoe-, 

coplc .plane~ 
4

For 'n = 6~ Md. t,; 3>N,:: lB. Iri ~tb~r wo~de~ w~ h~ve ' 

the"effect' of c~mpreeeio~ from a 63-bit unitarypoaltio~ code to a 

18-bit':cod~~- Ae it follow~ from 'the coding theor~~ N carries' infor­

matic~n bcith ori·'th~· -~~ber of 2t hits' and 'th~ir 't "co~~dinates: Th~ :' 
' .:· . '. ' ,. ' I •> ,: 'i<- ', ,' ', ·,·:' ' ' • ·.·-''' 

efficiency of the method increases with increasing n. Ae a result. 

it. ia"poaeible to uee PROHs or parallel counters for a leeaer number 

.of inputs n. The compression coefficient 

Kc = n/N. 

. Tlle author baa suggested to use iter~tion codes for the determina­

tion of the' number of bite registered in pixeldetectore. The method 

of construction of iteration codes can. b8 'e'xplained uain'g the follo­

wing exampl~a. At first infor~tio~ Xi~ =.0~1 :pr~eent, 'aa a matrix 
[16] 

·, 

9; 



Information.symbola Row parity check 

·Xu x12 

A21 X:z2 

··, m 
x13"- -'--- .xij--- .xbl l: x1j 

j=1 ·• X:z3------ -X:zj·-- :.~ l: x_:. 
j=1""'2j' 

~~~- -~~~-- -.~;-- - 7 ----.; -.-"--"---- --- I (1> 

a a 

Column parity .I, .l:Xi1 ,l:Xi2 

m 
Xa3"----- ~Xaj--- -XC.ai ~~~Xam 

a a a 

l:Xi3 ~ - - .l:Xij- - ~l:Xiai ' . 
check i=1 i=1· i=1 ' i=1 i=1 ..J ' ' .. 

Then parity SYm.x;ls are added to each row ~d coirimn._ Figure. 11 

gives a: scheme'of'tbe 'ite~~tion code~·we ~p:Pose'tb~teach SYmbol in 

the plxel'det~~tor cor~espond~ to'.a matri~ 'ele~~t- As lnfo~tion 
symbol~ a;.e zero a~cordlng to the ~;ndroaie ~thod:··~he p~rity hit 

carries data on hlta·r~glstered .ln 'tbe·.,pixel dete~to~- It I'Sbould be, 

noted the'class of itei-ationcodei'S'is .;,eey widebeca~se co~binati­
ons of different code~h~ving~ algebraic I'St~ct~r~'can be used for 

iteration:;Aa kiiown ·f~o~ the c~dlng ui~ory. the~~ ii'S a ai;npler~ia­
tion for Uatlal·c~rreC:tin~ code~ t : d- 1~ Wb~r~ d 1la 'the codillg 

diatan~e; For ite'rati~~·c~dea~a = 'd1~ '2~~4; wh~re ?' i~·the llUDioo,r 

of codes uaed'f~r it~ration.The number of codes used for iteration 
' . 

ia called· code dimensional! ty ;The simplest two-dimension . iteration 

codes ax,e' OR.;,DR .. ·/d ~·d~~= 1.5x1.(~ 2/ ~d,PARITJ'-PAR!TY,(d d ~2. 
= 4). Then the coding distance·. o'f a four-d:imensional.OR-lJR - pAJifTI..;. 

f"·,:.; ' 

~tf o·.··,.,:2Eot·· ·.t ;E 

LJ t 

,.: '2£ · • ie 

.. ',• t•3 .• ' ' 

i J "DI·· .... a·····,·· IE 0. ··.t 1E 0 ... , ·.: L .. ·.·.··: ?£ :~1: . IE i<•' .. , t t i. ·.· oE 
. I ... . . . . . - , , 

" . t IE 

3E H iE IE 3E 
a> 

', 

Fig.12. View of events in two-dimensional plan~; t=J.-::4.E - even; E-odd. 
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-PARITY iter~tion code ia, 8 and thus t = 7. Below we show how· the· 

simple 4-d:imensional iteration code can be used for data compression 

registered in a multichannel piXel detector' and.for the conaruction 
' ~ 

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

vfewa of events in two-dimensional planes for .t = 1 ..;; 4. The ~ai::... 
tiona of. th.e events are "not· taken 'into acca'unt.·· We· determine the' 

.::.. 

i=4 

[J [] ..... D. [] G . t , . : iE. ·;, 2E 
- t : t t - 11 1 . -

~E · · t t : 1~. ·.· 1 2f . 1 t 2E. 111 2E 

~E 'iE : 2E IE 'IE 'iE .. 
' ' t•¥ ' 

EJ[][J. DB E l t ; ,~. ·t. I . : 2E 1 1 ·. . ' 

' l .. ·.· 2E : 1 1 . 1 I 2.E .' t t t ·. JE. E . - . . . . 
·, .! ' ' . • • ' . 

IE2i! . 2 ·, · 21.1~',_-j. :.2E ·' •Ljf:··. 
;-- "., . 

Fig. 13: Heaninc' t',f. parity at t = 5 and 6. 
·. L.". :.--:..: , >· ~,.:r 

number of events by counting the.number ofi,paritiea (odd and even) 
- ' ~· - • I 

in rowe (X-coordinate) and·columna (Y -;coordinate). Aa aeen from. 

Fig_ 12. for t =' 1 we ha'Y'e. one ODD for' the x.::~bordinate and one ODD 

for the Y-coordinate only .. For· t = 2 • 3 and 4 we have. two. four and 

10 different• ,picturea:reape~tively~ Fi~re'i3 presents similar pic-

turea for t = 5 anci' t = 6 (E'- eve~ a~d· E'-:: ODD). S~t~ical pictu-. "7 . . 1' • • ., '-

rea which give an identical .reault,are not.ahown. ,For·example. let: 

ua aaaume th~t ~ pixel detecto~ ~aa 31Xa1 pixels ~rr~lng in a mat­

rix with 31 rOWt:J and 31 .columna.· For simplicity Fig •. 14 gives an 

essential par.t , of ., . the scheme for one· row: • ~ Aa zero ia an even·• 

digit. aome,O~gatea are required, to check iif·a row ?r·a column baa 

at least one hit. Couning the number ~-f parities and combining the· 

encoder. outputs by connecting them,to the correapondinginputa'of·· 

the AND-gates. we can determine i the number of bite . registered in a 

pixel detector faatly and economically~ It is not difficult to cal~· 

ll 



culate the· delay<' of pulaea Tc• 

,TC :=. Tp .+ 2TG + TPC + Tg• 

where Tp - ia the delay .of a parity checke_r. _TG .the delay .. of an AND 

gate, TPC - the delay of :a _(31.5),-:counter and TE delay of an _enco-. 

der. If. ECL loglc ia used then Tp ; 12 na (for 31 inputs). TG. = 2 

na. TPC = 25 na and TE .= 4 na~ Then· TC = 43 na ! A scheme of the pa-

/'7"'77---
1 1 3 4 

-·"'· I 
2 

:3 

H 
12 

13 
t4 

'.ts 

.• 

133~--134 . 
~ • • • c 

,·' :. : : . : 
143 . ,, 

'144 Mt2 

'•. 

!fig. 14., J?ssentia! ~r:t, of. _the de-,_ 

vice parallel counter for the pixel 
' ' I ' ,· .• • f;: ;:·~ ' .-r:, r .',': ~ 
detector hav.J.ng 961 p.J.xels. PC -: pa-

Fig. 15. Scheme· for. calcula­

lating'parity checks for n = 
= 144. ,• 

rallel counter; •1: - OR-gate; &. -·AND.· ~ J. ' ' 

' ·: ~ 
j, .. 

rity checker for.·144 inputs. having 12 na' delay ia ·shown in'Fig.l-15. 

It should be:notedtbat for the:determination multiplicity .t > 7 it 

·is neceaaaryto. uae iterative codes having-a greater coding dis­

tance d. There are two methode to increase the value of' a d. 1. : Uae · 

two additional diagonal-parity checks.· 2. The uae of codes having· 

.greater coding distance~·· It ia known~that• the_modified Ha~~~ming code 

baa a coding. diatance.J d. of 4~ Then the :iteration HaDIIing-Hamming· 

12: 

code· haa · d = ·16. and t. = 15. In addition to thia. v = t/2 coordi­

~ates can be.determined with the aid of such code·accor-· 

ding to the. relation [18]: v =· (d - 1)/2. 

IV. Uae of auperimpoaed codea 

It. ia convenient to uae them in light coding ayatelllB and.·when·· 

aignala have a small amplitude (analog aignala).· It ia important 

that light and electronic,amplifi~ra-mixera c~ be used to calculate 
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Fig. 16. Coding n28• 7_ matrix. 

th~.ayndrome and it ia unne~eaaary to uae a modulo two-adder.havig 

inverters. lloweve'r. the. compression coefficient K of auch codes ia ' . c 
smaller than that of the well-known ~codea [18] uaed for data 

proceaaing in pi'xeldetect~ra .which ·a~drome ia calculated n~t by 

modulo-2 but by the.Booiean Slllll.rulea. Nevertheleaa, auch.codee,are .. -, ,' " .. . . .. ' -· . 

important in high energy phyaica experimenta.fordata compression in 

acintll~ation hodoacopea and ~alori~ters.[l5.21;-23] •. !flight aig­

nala·are.coded. photomultipliera.can,be used to calculate a·ayndro-. 
' .. ' '•' .. , ,, . .. ·, . •., ' .. 

me. Below we ahow how.a tiuperimpoaed codea-can be used for.event.ee­

lection. In acco~danc~ with tl.~ ~~d~~me c~di~g method. before the 

dete~ination of myl~ii>ydty' t •. i~fo~tion,from th~ hodo'ac~pepla-,­
ne with registration channela n ia compreaaed to N with the· aid of a 

coding matrix. Thl~ allowa. faat PRatts to be used for fur~he~ analy-
, " ' . ; . . ' 

ale. In the gen{lral caa~ .. the coding 1118.trix Hn H conaiate ?f dlffc-··· .. ' . . . . . 
rent n columna and N rowe; Each column' ia connected to a regiatra~ 

tion ch~~t"and ev~ry ro;., to ~he lnputa of a aignal mixer-~plifi-

.· 
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er. The author has auggeatedan effective cod~ng matrix having the 

following characteristics [22]: L There are n = ti columna and N 

rows. 2. Only. two ones are in each-·row (the' branching 'coefficient ~f 

signals equals 2) 3. The compression coeffi~ient K• ="'',7./N. For e-x-. c "N 
ample. let n be 28 and then N= 7. Figure 16 shows schemes of the 

coding matriX llza 7 and Fig.17 shows scheme for calculation· of the 

1-st 3-td, 4-th a~d 8-th syndrome bits. Optical fibera·and mixers. 

can.be uaed'for·coding. 

('. ,..J " 

tiv 'ii 
~"~ 
~-~ TNPUTS I 

• c •• ,, •• 
PM'S • 

'Fig. 17.,. Scheme for calculating 

1-st; 3-rd; 4-th and 8-th bit 

syndrome. 
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Fig~ 18~ Codi'ng maBlc.:.detect;,r 

for t ·: 1>' n ·=· 28 and .N ::: 7. 

-Using such coding matrix, one' event with a tripple cluster as 

3 > ... d ~ 4 can be selected~ .The cod,ing matrl~ can ~ created 'as a> 

mask~ where.blackaquares.are· ~cintillatora;and.white aqua~ea.uaual 
glass (Fig~ 18 ) . The coding 'device ·algorithm is' the follo~lng [20]. 

Let ua consider some examples. L The onlyone particie is reglate:.. 

red in the plane.~ Le. t = 1 and 'there .is no cluster. In this case 

the syndrome weight can be equar to t~·- Thus;· if all matrix ~olumita 
are different,'the.7-bit'code carries information on.the coordinate 

of a hit. 2. If a double cluat~r is generated, then the syndrome 

weight ., is equal to·). JJ\ tripplEl cluster was. g~nerated from a sing­

le particle in the pla:ne. Thus,' th~ ayDdrome weight is equal to 4 ... 

"r 

The method of coding for: t > 1 is given'in ·[21]. For example it is 

~eceasary to create a scintillation hodoacope with N. = 30 acintil­

latora and multiplicity t ~ 2. What minimum n~ber of multipliers is 

nceded?Let us construct matrix H
30

;
11

. 

H· 
31.11.-

Scintillatora ~ 

101010101010101010101010101010 
010101010101010101010101010101 
100100100100100100100100100100 
010010010010010010010010010010 
001001001001001001001001001001 
100001000010000100001000010000 
010000100001000010000100001000 
001000010000100001000010000100 
000100001000010000100001000010 
000010000100001000010000100001 
010000001000000100000010000001 

1.-- -·--------"- ~-- -·--------- .30 

I 

-'lil~t 
. ·I 
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Fig. 19. Coding maBlc-detector. for, t ~ 2, n'.= 30 and N _::, 11. 

Only 11 PHs need for multiplicity t,< 2. Optical fibers can be used fo1 

coding. The coding matrix-can be created as mask also (Fig. ·19). 

· Cluster counters. The coding matrix n64 •8 can be used. for· counting a 

aingl cluster with dimensions 1 ,< b.:....< 8. 

The .matrix> n64 •8 is composed of unitary matrices Ia .. Fig. 20 gives, 

'a scheme· of the cmmter. ·The PROHs prograJIIIIled so that the syndrome 



H = 
64,8 

n-> 

10000000 
01000000 

'00100000 
00010000 
00000100 
00000010 
00000010 

I 
-a 

00000001 I I _ I , , 

1 - - ~ c - - - - - •• " - - - - ~- ~ - - ~ - -57~ -
_.) 

., 

weight w = 1, then. b = 1:und so on~ The. efficien~y of the coding 
scheme increases wl th encre~slng ~number n. ·In ,general, _for b = z 

we must use .a unitary, ~atri',C of.·the order .z~· 

1,9,11,25,33 
41,49,57 . 

ENABLE 

Fig.: 20 .. SclJeme of tho cluster. counter for. n = 64, N = B and b.= B. 

Superimposed iteration codes. The uaual Hamming (d = 3) and the Gray 

jc, 

t -,. "I,' 

( 3 ~ · d ~ 4) codes aro sho~_ to be superimposed ones [22]. That is 

way the itaration, OR-Iiauo:ing, OR-Gray ~d 11-ing-H-ing codes are 

interesting for the construction of coding schemes for scintilla-, 

tion hodoscopes [23] ; hodoscopic calorimeters and pixel detectors. - ~. . . 
For example let n be\225-pixels or'acintillation counters _which ar-· 

_range the matrix,having k = 15 rows and 15 columna. Let us calculate· 

the syndrome for rows using the (15,4)-Gray code and for coluuna)by 

the Boolea~ ~ rules .. As-all the rows -~re coded equally; the coding 
' ' • < 

scheme is identical for all 15 ro~s- The coding matrix 11
15

•
4 

· 

represents the 4-bit Gray code [16] 

1/15,4 = 

n-> 

Inputs . t 

N 

~ 
110011001100110 1 
011110000111100 '- 2 

000111,111110000 3 
000000011111111 4 

1 ' 15 

-~~-.. 
'+ 10 
5 13 
~. ' 1~ . 

a 
9 .. 

10 ·3 
1t 4/ 
12 5 
13 .. ' 10 
14 11 
15 ·~ 

\ 

Fig. 21. ScJJeme, for· _calculating the syndrome for one row. 

1 - OR-gates, 1 -:- 4 - outputs. 

Fig. 21 presents ,a.principal scheme used to calculat~-the synd­

rome for one row.· To calculate the syndrome for all the schemes, 15 

OR-gates having 15 inputo·and 4x15 OR-gates having 8 inputs are nee-

1 i . 



·\, 

dod. It should be. atreued that photomultipliera can be used aa an 

OR- gate. The coding distance of such an iteration-code i~ d= 1.5x 

x3~5 = 7. The determined multiplicity t is equal to 6. By analogy, 

more powerful superimposed iteration codes can lie constructed. 

Co~clusion 
Several methods of the construction of parallel '?ounters used for 

fast signal'processirig registered,in multichannel charged particle 

detectors are described.· Tlu:i author 'hCI.s iruggestE!d se.;,eral types of 

the parallel counters wl1ich can be used to implementation of majority 
' coincidence circuits having large.number of-inputs n > 900 and 

omall delay. It is_shown that for the construction of auch'dovices 

,preliminary data compression baaed on syndrome' coding method should 

be uaed. Broad proal>octa of application' of/paralleL coaipressors for 

obtaining the aum of a large nrimber of si~als registered in 
' ' ' .. · .. '' " . 

. calorimeters. should be alao noted. 
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