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1 Introduction ; 

The. paper -~~scrib~s a software-lia~d~are·o;t~o~ 'ofth~-integ~if tr~ck .. 
-.c_rit,erion[l] for-identification of mucin track images int_he:lst level; 
trigger.·hy constructing a systolicpipe-Jine on the ba.Sis of a;one- ! 

. bit massively processors.: Iri,-pa:r'ticular, the version of the muon 
detef~or, fo~ the installation ATLA_Sj2] based on high precision-drift , 
tubes (HPDT) is considered as. thecheapest one though, with )arge 

· · inf~rmation uncertainty -iii- fixing- t'rack coordinates and th~i:s the i 

m9st .difficult to beu~ed in the mtion trigge~ .. It.~is showh _that 
even with lil\lited input'jnform'ation.one can perform tlie required 
sel~ction in the,lst level ti:iggerb{·a:·startup tiffie·perio~ 1ofJOOO ~s 
(depth of pipe~ line) and get :the~result;for each bultd1.-; Th~s,· the 
integral method fits in with the calculation algorith'msfor _one-bit 
massively processors, which' allows the' fullest possible p~raileliri.g _of 

:calculations, and this systoli~ _pipe-line may: he ,a:_basis'for ·~fast 
• [ ] ' ,. ·'I.' . . ·< .-• . - . 

tngger 3 . . . '•. ; .. _ . . . . . . . 1 • 

:_The paper considers processing o(the- data from o~-e-sup~rlayer 
because presence of this processing stage hi the parallel:pipe-lin~ is' 
the fundamental feature ofthegi~en '"method. Syst9lic matrix ·calcu- · 
lators with bit processors are proposed to be built on the basis of' the 
EPLDS (FLEX, ALTERA) technology.·· Basically,· the id~a'ofcon-· 
structing a calculator consists in organization of serial-par~llel calcu
lations.in a regular structure. The initial d~ta are. simplified prelim::.' 
inarily as much as possible so that their structure corresponded to -
the systolic pipe~line structure &•dully aipossibleand wa.S reduced 
.to the smallest digit capacity by using hicrements (difference) in 'the 
structure of input data. 

2 . _ D~scription of the sup~r-ayer data model 
,·:·· ';':"·' ;_·.• ·'.::: '" ,,;\ ·.:: . : 

A supe;layer in th~ installation ATL~S hcis 6 la:Y~rs (fig~ 1). Each 
layer consists of about 30 HPJ:?Ts. The diameter' of a tube is 30 
mm. The tube position coordinates are known._ From ,each.layer 
one can have up to 6 values of .the relative drift tim~ ti measured . 
with respect to' th~ moment Toi' of·occurrence of the event under 
investigation in the detector._ These values-.;:lso include'the value 
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Figur;eJ. ·View of superlayer · · · ~: 

~(iJ=AZ.~ +B-·:real poi'Y}_J~~~din~te .. on· .. the layer:,;: 
am~~~+~,Y(~.nT0)-measurem~nt~. coordinate on the 

. · layer 

· Where: . , .·· .· . ·.... . . . . . .. .. . . 
T0 -general delay''on the marking off time 

. in superlayer. 
'tmn-measured 'drift time· 

· V ·-drift velocity .. 
·· ~n = '±t -drift direction . . . . 

· Pmn -HPDT wire' anode . ordinate .·. 
.::zn -coordinate of layfjr •n:'. , . , 

· . · At_ · -m:ultiplicity per ·layer 
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of the delay in the transfer. channels,. which)s known in advance. 
The v,alues ofti' mayarri~~·at_the trigger.'niixed ~i~hrespect tb the· 
s~n~rce oftheif origiri,',i.e.''}n t.~e trigge~ there'f~ri .~e·d~~a:· arrived~ 
from different bullch intersections.· Thus thetirries T0 are·.not known . 
i~ ad~anc~~ a~d sep.ar~ticih' oftlie 'dataj~: To, i.e:. in 'huriches~ i; ~ne ' 
~f th~ results of trigger' -~p~ration. It i~ .also 'necessaiY:· to . establish . 

• '' ' ' l "-· " . • i' ·: . . . -~ ...... ·' ! .. t. _') '. . ' 

the presence of track from the given event in the iriiioridete,ctor'ari'd, 
to find their slope angles. .·., . · · ·. · 

>The times ti arrive at th~ pipe.:lin~ for' ~ach 1 briri~h/land it is' 
not. known either from which 'tubes the signaJs cpin'e''6r ·;nat _the 
direction (rightward::l~ft~ru:d); of the: charg~.drift.·in eaC?h t~~~is . 
Thus, we have a sign-position uncertainty. T~e drift .. rate :in;;~D. 
HPDT.[2] is 50 ·p.'m/ris . .'.The,signals coming to the pipe-line can be 
a noise or result from passage 'of one or several tracks through the 
detector. Since the superlayer is srr{au in radius and the niU:on energy 
is high, the .xn~O!J.traject<>J;ies jn, the ~u:rerlay~r·ll£~!1J;>.f;!.-1c~R-~iciered 
s~raight~ :,An()th~r ·nmitati~n pf:the mod~~)ni,qu~s.tioA1 i~ 1 a,r sm.all · 
range o(p~rt~~le"entranse <l:I}gles.(±~qo):, . · ;rj · 

' ,.. . ' " . ,• ·.>:;·:t~i/ .. f .~ • ·.~i;r.>. :. "' t;:l. J,) 
3 Integral model.of:track images for the.inuon··. 

d~tector.; ~:··:f.~f,~~?'':··.: ':~·. , .. ··· \ ..... · .. 

. The integr~l-·matliem~tical model'o( niultitrack\im~gesii~·}a~Aii~~:. 
its a' Junction of :trajeetory'·paramet~rs: and' involves; 'alL' mea~ured. 
·e:oor.dinat~s [1 J.: Ill1<~;n1:i#dividlihl_imperlayei • (SL )' 'rrnion tiaj~ctories 
can be· approxiinate(f by~'stiaight line seCtions. · The coordinates Of 
the points on the layers are 

' X~(Zn)-= AZn+B, 
.,! 

where n = 1,-N is the number of layers Zn is the coordinate of the 
layer n, For each real X(Zn·) we have a measured coordinat~ 

,I o~ ~ \. t 

cimn = P,n~ + Bmn V(t~n- To),' 
' ~ ' ....·-· .. 

where T0 is the total delay oftime counting in a superlayer; 
tmn is the measured drift tjme in· a .layer; 

' tr:is .the' partiCle drift' veloCity; ' ; .. ' 'i •. 

~t,~: _ _.,~ ~ . ' : ..... "' " .~\;; !> .J ~· ;., \~; 
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: :'Bmn = · :±1: i~ ·the drift direction sign inside- the tube;' 
· 'P,,m is,'the' o~di~~te 6fthe 'anode,wife irf HPDT mn. _ _ 

It is -a.s~umed.'that on each n-th ·layer. there. can be· Mn co~nts 
(~- 1,_. ~::;~Mn),b~lo~ging t~real traj~~t()~ie~~r havingnoisf!origin. 

. So, in this case the mathematical expression of the "Integral 
model''has the'form': ,( . . 
•:;·L ~· :-- · -~ '-': L;i~.: " 

N Mn 

''• R(~;~,:To) = L 'E·G(A$, + B- amn(To)iUmn)· .. (1) 
.• n=l m=l ,,-

.: Here d~n. is-the mea.Surementacctiracy. Thefunction G(Arg; ·u) 
is defb:ied ~ follows: _ · ·: .. 

. . '- .G( .. A - ) . {. 1. , ifiA_ 'r __ g' I .( ~mn_ rg·u - '" -
. . ' ,- - , 0 ,, if IArgj Umn· 
'· ', ?', .• : ,f ' ·• 

.. 

· -'In th~:ex~ression R(A,-B, To) w~ h~ve 3 unknown quantities. 
However? we' 'can~ eliminate A and · B: in: the following way. Let us 
take. two refere~ce layers (e.g~; kand~l). For a point on'the track 
(A, B, To) we .write down the eqtialit~es: 

'· . ' ;. ' 

'. -· "_:>_ ·.· ·.{. i~z~~+·B ~ P~i-·-~{-~k~'V(t~~'~To) ~. . 
2 AZ~,+B=P~,+S~,V(t~,..;..To), ·· · ···-· () 

,w1t~re_hk, t~1 a~~ measured times, ~ ~nd xareindiF~~ corresponding 
to· th'e choseon,tirries on the.layers,land k.·-.Expressing A and B 
in .terms.of (2) with illlowance for''aifavail~ble:val~~s:~f tim~ i~ we 

· obtai~ :a. function of one variable. F(To) in.!)~ead pf .R(A, -B, .To): 
• < ¥.::.. •. -''' < - ,. ' ' ~ "; i ,, ,, ·~ '· .• ... . . . .-" f -

N M1c. M1 Mn 
. ,. 

F(To) = L L L L q[1rg(To)i unN], (3) 
n=l x=l ~=1 p=l 

-~ '> 

Arg(To), .. T0[S,~- s~,- h(Sxk -§~,)]..;.. {[P,n- P~,- -,(4) 
-h(Pxk-:- P~,)J/V + S,nt,n- s~,t~, -h(Sxktxk- s~,t~,]}, 

. . ;;, . 

Zn :- Zk. 
::·, ·': h= z~~z,,~,·-;_, -.·'i .... 

For real trajectories one has F(To) ~ .N 1-; 2; _the value of :F(To) 
• may be larger than (N-2) because of the combinato~iitl effe~t. Thus, 

·4 

'; 

b 

,j 

:« 

calculating F(TO): for a -~~fficient 'number of :To (from 16 to~- 32, 
according to the real experimental ,conditions) and specifyin(the 
threshold value F~i~, one canfind,rriaxima in T0 corresponding'to 
the real trajectories and slope angles· A. Thus, the'data are sorted 
byT0 for bunches, and the t~ack direetionsareJound by angleiA. 

In.formul~ (4) we don6t know.'R.and S for all indices. Know
ing . t~at P 'and S ~re related. to <each other and . the drift tpBes 
have a staggered arrangement, one :_can overcome their "position 
and sign" t,mcertainty by making a set of PS· combinations for a 
single straight7line, track hi the given SL geometry. For the ~lope'' 
angle xange ( -10°: $ A $' 10°) the number of. these . combination~· 
is~ 100 (see the Table). Thus,·by exhausting aU PS combinations: 
and all discret~ values ofT0 one< can find all elements of track's in' 
thegi~en superlayer, their slopes, a~d separator: according t~;the 
bun'ches. · · - · l~-i -~ 

l 

,, . : 

~ .;i ·:eip~Iine of o.ne-~bit l>r~cessor array 
; ; ,; . . ' ... _ ... -· ~:-. ·:· :,· ; !-'': ' 
Th~ f~ncti~n_:_F(To), Call be ca!ctllated·for each''.es conibinationl~nd' 
T0 ~p.d~peridently, so _the calc~latio~ ~gorith~ ~ill he· describe4}?( 
one s~~ (PS,.T0 ). , Th~ values',of P, S, T0 ar~. known, P and')S. 
being consta.D.fon each layer with Jeach.particular PS,combinati9n.··; 
The' b:iggei· data coming from tne·aetector for 'each. bunch are tran:s
formed into quantities t,~, tk)c, tn~, where tlle,multiplicity.for each 

. layer 1;' 'D.,' k does not exceed 6 •. Thus, at' the input we have a matrix : 
< <_,'t . ~ ~';\t ~ I • • \•' , .• t ' : :·1 • ,. ' ~ .; ;_ ~ 

f.'• 

· . tu' fkt tntl 

t,2 tk:l 'tfll~ ' 
\,,< 

~ '( 

-~ D= 
.ll" 

. ·. · t1a ·. 'i~: t~~a . 

·.'-"';: 

5 

tn21 

· tn26 
tn3l . 
< • 

tn,6 

,:1 
;.·-.-

.. ,\ ~ ~ 

I ~ 
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. Here .the third column , contains the information from all non- . 
refere~~elayer~_n. To caicul~te F(T0 ) w~-~~~f t~ke va~io~~ y~l~es 
of triple sets" (tz, 'tk;:_·tn), one from each colU:IIln~·a:n<i substihit~ into' 
formulae (2)_:_(3). The. maximum number ~f vlu-iants is 4*(6*6~6). . 
4 * 218 = 872: To avoid .the necessity .'of doing. all operations (3), 
a calculator is)uilt for: each set of matrix D 'to::~otivert, the i~put 
.v~hies .from_ D io:riiatrixD:: · · · · ·· .. ··· · · · · 

t' t' ' t' .. • 11 · kt · n11 

' . 
t' ;_, t' - ti . ' 

16 · k6 n16 
t' . 
,n2~ . 
'• •" 

~" ~ . 

·~J ~I<>- • 

Here t~x·= Sktkx(hJ;l) + [-SkTo(h +.'1).;+ (Tk ~ Tz)h +Tk- Tn], 
'' i' ·:~ ;. '" ·c, 

I . ., , . . . ' .... 

t1~ ..:._ SzToh :.:... Szhtz>.; 
,. 

t~l-' =; -Sntnl-' + S~To, 
where Ti = Pi/V fori .~.k;: l, n.are calculated·beforehand:.: 

._. D' _matrix elemell:ts ~re calcula~~d ei(her by pl,ean~ of the .~~ok_ Up 
Table (L UT) technique, ,where the in I> tit for ariy'iiidex- i is ti' and the. 
output is t~, oi by d.iiect' fulflllmenfofthe .·indicated operations.: .In 
the latter case the invariable 'parts. of the expressiolii3 are'calculated 
before hand, and operatimis with t~ havethe form t =: r1ti:tr2.:·The· 
expressions fort~ are selected in such a w~y that the digit cap~city ~f 
the result' des;reases and does not exceed 5 bits (a ki~d. ofconversion. 
from absolute values to' r~lative ones within the HPDT radius takes • 
place): . . _ ·. ·. ·.' ·.~-. •. . . , ·· · _·.· 

·Thus, calculation.hy3orffiulae (2)..:..(3)' is reduced to'exhaustion 
of various values~of(t/.,· ih t~). for m~trix D' 'arid calculation·'of 
·Arg(To)·= t/. + t~+ t~ 'for them followed by'summation·of all quan.:. 
titie8'G(Arg(To)L: . . . . , ' . . :: ·. < . .. . ' 

' ~ " , I , • t ,, '· ~ _ ·" ,_ : f .. · 1 <~ __ ., 

.. _. _ ··a:~·{: 1;. i{IA~g(T~)f +( -:-~)~ o ,·~·· 
··" ·, " .. · , · · · · 0, else. , .. ··· , · .. , .. 

7 
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The rest:<ithe:~lgont.Jiffi i~ quite clear but, sin~e th~·:rnirribe~ of 
operations with the's_ame\ianables is large, ·an the operations should·. 
be done' in tlie one chip,'leaving oommunication to the chip. The 
criteria for placirig;the algoritlim'in the padmge are: 

- output of the TCSWt e.Jecy 25 ns; ' . ' -~ , . 
: . .: realization of the aigorithm inside' chip with the greatest possible 

number of variants for P S combinations and a: decrease in the data 
flow at the output by an order of mag)litude. · 

It is proposed to calculate Arg and G ·by the systoli<: method by 
fulfilling the following operations. iii series: 

< )• ., '' 

Step 1. Px>. = th + tb:. 
Step 2. H>.px = Pxx + t~n· 
Step 3. Calculation of IH>.pxl· 
Step 4. Qx>.p = IH.\J.&xl + ( -u). · 
Step 5. Summation of all Sx>.w 

1 
· 

Step 6i 'Comparis<>n ofthe·result obtained at step··5 
with the threshold; if it exceeded, a signal s~ould be pro
duced to indicate presence 9f a track for the given To and PS. . ... ,, .....• 

4.1 Data processing with parall,el code . 

A syst~lic ~atrbc is .bililt. ~ith 125 .• col~s. of 3.fc on&byte summa tor 
"tripl~ts" each (in the fiist cohinm ofeacli line ~li~re 'is n.~t a "triplet~ 
but a lli~gle slllnmatOr ). We call the 'upper 6 line~ of the matrix .th~ :· 
first 'group, the"'D.ext: 6. lines the secona group and .. so on.· ,All. 12 

' \ ·' <' ' - ' • • • ' ' •• • 

values oft~~: ~d t, ~me tO th.e1fust column,~ ticx arriving at all . 
6 summators of group number x and ea.ch .t1>. &rriving at summators 
nmnber.\ of-each group. This is how:step.li~·fulfilled. Th~ results 
of operation 1 ~fed throligh the lines ·to' the inputs ofthe fi:nt, 
summators in each ",triplet~. (i.e. P>.x arrive, at the first summator' 
of all' columns, st&riing from the 2nd one; in)irie x..\ and 8?· on). 
S!multaneously, a1J tn ~me to, the inputs of; the. sarrie summators~ 
tnJ.I being fed into' iiip~ts of all the 'first' llu~tors' of the (#l + J) 
column and thus step 2 being fulfilled. The output lligrial frOm each 
first summator of the "triplet" is applied to .the input of the second 
s1Immator of the "trlplet" and the absolute. ;value 'of the number 

8 

~ 
'l 

·-.~.". 'i 
J• 

\) 
{ 

~t th~ input .fs',caiciilat~d':iri< th~s~: shmm~tors ,(" srl~~in.~t~'i·;,_} i~; an 
arbitrary nc;une of the' logic unit which performs' calCulation\>£' the 
absolute value). The output data of these:summators·are sent to 
the third set of summaiors in the''"triplet";whiie their second inputs 
r~~eiveth~·;va.fues o(( -un)· Thus ~teps 3, an~ t~e fu~fi1led., .'H < 

... Sine~ we deal with straight-~ine:tracks; for.each linexA within.~he 
cplumns , related" toone' layer, of 'a' s~perlayer (let' us ,ca1l:the~ 'group. 
"n") no more than a unitycan'app~ar at' step 4,in,the cohimns 'that 
re<:eived.~~~:frRxP o~~ l.ayef n.j~is .. ~~~s th~(st~p~ 5i,;;(~l~Jl~d ·i·n·. 
t\\ro· stages· ~or eacpline.;~First t1i~,OR r~sults .~f step ,4· a~e ,c~wbi~eg: 
for e~ch line ,withineacll group. "u", an~ these 4 bits of infor:.:nat~on 
aie sent through lines 'to. the oounters behind the''25th 'coh.imn (the 
c~u~tei~' are' als~. org~iz~d into ~l.'H~H~,. ~(3(el~~~pt~):. ·~ A(t~~O· 
outp~t ·of, each h~e we have thr~b1t sum~. of st~p-4 r~sults ( ": t<?~aL 
of 36 numbers);' and tllese ~~b:~rs are &d,ded' up ;i~ f~t couni~is) 
[6]: .Tlie',value obtained 'i(c()~paied with)heJhre,s,hol~. oll,~)ind if 
it is' exceeded, an output' sign8.l is 'produCed .to 'indic~t~,a;~andidate 
for the l~ackrequi~cid:. , ' . . ·" , ·; : · '' . . · ... ,,, ~. >~J:;. ~) '·-~~ .. · 

.. All steps are fulfilled as pipe-line processing, i.e. while,the·next. 
s~ep: ~s. being fu,lfilled,' the h1put cif th.e. P!e~edin8.?ne: recef~~s-~n.~tb~~: 
portion of trigger data. froni'·the detector: . For promising· EPLDS. 
techn~logies, the timetofwfili'~n ~peration for·e~ch -~{the.~~~Y~~ 
mentioned steps' .. majrt)~ below 25.ns.;witll'~ll<>\va.rice)or 'dMay,'ti'me, 

"' ~-- .'· : } . ",t c, •• , - ••• > _:~ ••••• , '-*'"; "'·•yjt~ -" ,, ')' ' 

to'.'transmit information within the package.;:· 'fhe 'tota} .. dep~h:of t 
the pipe-H~e with'allo\y~~ fqr'd~lay time't~'re¢e~ve val~es~finput. 
datamatrix D' is 40 st~ps'(Le. 100Q'ns),:but th~,re~ll,Itofj)r~ces~iiigi 
of each data portion comes to the output ofthe .flovy, calculator iJ1 a 
cy~le'equal to tlie.buncb'du~it~on. ':.· ., . · · ·, __ :~. ·r: ·.: .. : .. "~ · .· .· 

However, 'this appioach has disad\rantag~~ All :cai~~latio~s lllu~f 
he,, p~rformed Wi~hin p~Kages. of systo~i~ Illatrices, (at a LCl,p~g:,r~~-;: 
quericy lOQ MHz now .and 250 MHz i~J9~8).(4]. Each s~rnrp.ator.; 
require8 1 niacrolocation (LAB) of the paekage. The tqtal~ ~uml),er, 
of LABs ill a·p~g~)~)26'(i~ future:·the'.number:~illl>e.i~cr~~ed·: 
by a· faetor' of~:_ 10· [4]): So the' complete ~ea.Iizatiori of t!l~,~go_i:ithm i 
for orie value <>fT0 ana orie PS combinationdemcmds quite·a:·rot of' 
microcircuits' and makes ooinrritimca.tion 'iilrire diffi2t'tlt, \~hich' a.lsg) 
increases the st~tup va:J\le (pipe-proces~irig-depth). 'That i~why the 

~i' 



~parallel~sedal princ_iple i~ _prpp<_?se_d}or,,~h-~:... .systolic pipe~ line b~ed 
on such . systolic matrices. . . . ; .. ·. '... . ... , . 

< ' ' • • • ·• • "' j. -' .. -~' ; 

4.2 riS:ta proc.~ssing withserial-pa~all~l·c~de ·: ~; t :< 

In:this case, the .principle of the calculator is identical with tlie·on:~ 
described above! However, in each~fl~ckorily 2 bits of each u~ing of 
values of data are sent to the inputs 'orth~ "summators". Step To{ 
the algorithm is performed by two~bit suriimato~s· (s~~:iig. 2) with 
end-around. carry:_ Foi. 6~bit. words the whole sum will he obtained. 
in.: 3 c~ip' _clocks . (at this t;noment 'the: ~igh~?rde,r .·~it_ car~.r, is~ set. t? 
zero). Afsteps 2, 3 and 4 two bits of dataarerecorded in'each of the 
similar:sum'mators in accordance with the abo~e algmithiri, btit ~ ~tep, 
3: and 4. calCulations ai-e pafalleledi the left -~umm:ator calculates tW{ 
value of Hx>..P. + (....::a-~) and 'the right ~tirrimator.calcul~tes the vaJue' 
of Hx>.p.··+un. The sign <?f theresult appears in- ZN arid Z~t st'ep 
4:_l~ythii rribmm~tthe'·sigti "K~' is ob.ta:in.ed. fo((tkx-f-'t/>.-f·t~~):at 
step'2, i and the value 'required for 'step 5 is deteriniried in .the unit. 
U = K &Z N. v K &Z .. In this algorithm steps. 2~ of ~ach clock 
p~ri~d take orily 6 LE(l LAB= 8LE), which is muchfewer'thanin 
tiie' parallel code. However, the iesult will be obtain~d· at steps i ~ 
only in· 3 210~1( 'p~riods. Thus, ifthe. bperittions i~ LE are· p.erforni.ed 1 

in Ies~;.tlian8.,n:s (with allowance for carry~over), :or in 3 ns ·in' the 
futitre,. ~~e can; fulfill steps 1-4 for each set (tk,'t!,t~) withi~Jhe 
bun~h'-time; 'So,. the output'~£ the' r~s~lt is not: slower; Besides~, in 
this' case the/requirements to outer commutation '1.iid inp1ut; lo'ads. 
can·be'far le~s sev~r~·· 

1

;' • . ' "'. ': ",,' ; • • • ,· c. .• 

· Internal exhaustion 'operations (st~ps 24) ta:ke 6. LE.· In'princi
ple, it can be 4 LE; for this purpose· each sumin~torof steps 34 (left 
and right} mtist be' repl~.'ced:by au~it'shown :in-:fig;· 3;_' In 'this case. 
the ·remaining free FLE){>A~T~RA ~egisters of, ~a~h LE are. tis~d; , 
because ohe needs only 'tl:le:·sign:of the'calculation result after' steps'' 
34: It _1li~uld ~e; Ill;~ntip,ne~ 'tllat in .~hid :'alg<?r}th~ th~. nt1mi?~~ ,of. 
pa~agel Jnput·bitscan:varyfro~ 1 to:6, ~ccoF~i1ng_to'·the:paJ:ticu~: 
lar conditions·. of the problem, without . violating. regularity, matrix.' 
cha~a~~er: ~pd, ;~9Jtiogeneity of the' ~ystoiic calcti~ating ·~trticture. .• 

,t _,,_,• •'t ' •!.._i, ~'' .-;·: "J; < 'l" -• ' ' ,-• -•L •'' ·,~ •• ~. >;4" ; : < 

'c~ ~ ' •J\'..- ; ,, ~ 
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.Figure 2. One 
.J £systolic element 
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.'Fig~rei·:Jf·p;J,rt of o~e sY~t~zic)A~umte~t with:'mi·'· l''~ 
. . . . ' ' ' ot combinatori(:tl logic . ; >· . :: ·,;. ~ ( 
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5. Discussi()li:~~tb(;U.D.dary:·cond~tions'and orga..: 
niz~ti~~,:~[I>ipe~~in~ -proc~~s~~g _ 

i ; ' ~ .. . . . ~. . . . ; ' . ' : . - . - • 

When constr#~~i~gJ)ip~p:r~-~ssing'one;!n~st ~tc!ke i~~~ ,account the 
fact that the whole pipe-:-line must be balanced in'rates and data 
input/output:c~pabilities·in some u_nits.of the pipe. : · t ·': · 

In our case 5 * ( 4 * 6 + 6+ 6) '-:- 180 bits of'information can come 
from the detector to'thefirst block of the;pipe-::line (transformation 
of the input matrix iJ ·-.~D') every.25 ns'afthe maximum multi
plicity M = 6, i.e_. less th~ 1.0 Gbyte\p~r ~e~'ond.·ThJsvolume of 
information can be transferred to-the"J}ipe:pr()Cessing block with a 
SCI bus [5] (information transfer rate U.p to.fGbyte/s). · __ ', 

The pipe:-line employs the series FLEXJ\LTERA; its input/output 
clock period being 10 ns now and 4 ns _iii· 1996~199f( [4]. ·'rhus one 
can enter trigger da~a· eve!lof 4 instea~· 'ofr 8 bit~ fo~·each ;variable. 
Now the operation execution,time for FLEX is'7;8 hs inside a LAB. 
So, inside the pac~g~_:the processing ·rate is not worse than· it is 
required under the' conditions of the problem. . ' ' . 

Note that· exhattsiive -~ystolic calculators like this have' a regular 
structure. That Is why they· c~ be adapted to .different rules spec-

. ifying the information input.order.w:ithout changes in their._iimer 
structure,. the set~ of "systoles" a.'re ~ily organize4_ irito sp~cialized 
calculators for a_particular stru~tur~of data; Si~ceeach superlayer 
is divided into blocks ("' 800) and only 2-3 % o(the blocks '()perate 
ineach bunch, a problem of compressing and multiplexing th~ data 

_·_ to be read out &rises. These problems' will be, discussed in the papers 
to follow. Here we 'o,nly .. note that).~ul!iplexing c~. be· c;>rganized in 
the same manner both wheri data oome from' the detector: and inside 
different pipe-lines: . . - ' : . .. _ _ .. , --

Being regular, the pipe:.line _can easily adop~;any changes to re-
mov~, if necessary,_ the r~t~~tJOilS that. W~ impose,d On description 

·of application of the int~ral· inethod.'to the:mu:on' detector. The 
'detector efficiency being'!. ·-:-' fessthan 1;'it is enough to introduce 
Ef=t or E~=t E~:::1 Jw~i~~-isj)r~f~ra~le)iiJ]3): Th_e to~alnu1nber 
of operations increaseS by a factor ~£4~ .iri:this: c~.e,_ but' the cal
culation structure does not c!tange despite a larger'number'()f ~hip. 
Also, th~ partiCle arift in 'a:.tub{t~as iak~n to oe pl~&- to the X-axis. 

'·" M
0 t '• ",1,: ) ',·,,; •"< ' •_., \', ' ... ' ~ O 
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Actuaily, tliesign~l is 'p'roduced by;p1:rticl~s arrivin{atthe ~oint o· 
(see fig. 1)from thepoint K: So,,OB = OKjco~a.; Yet, owing'to·· 
the fact that a does' not exceed 10°~' it' is enough to introduce fexira .. 
correcti?n c~efficient in p s coml?i~atio~s ( 1 vahie Jf'the co~ffi~ieii~. 
for a"'. 0° -_ 5~ another for a.· '6° ;.,-J0°), arid we obtain OB t() an: 
accuracY of d ~ In this' case the number of p s combinations becomes. 
twice as large, but the exhaustion units do not change ( coeffiCi~nts 
for a are taken into account at the stage of D --. D' transition). 
Finally, if ti is measured together with the coordinate Pi of the t:ube 
from which the signal conies, the exhaustion units for particular p s 
combinations can be supplied. only .with those ti that arerelated:to 
the given P S combination. The delay time for this .selection does 

.not ex~eed4 ris (one oper~tion.~fcoinpiri-ison); iin.thi~ ca8e.there are 
no changes in 'realization of-the algorithm, and"thejntegral,method 
beconies: ~ven_' ~c;>re .po~~~f~i (~he ,ip'put lllultipli~~ty 4rops_ drasti
.cally, and_ the <;()mhin~torial output··backg~c;>und d~cr~~~s)·:'Thus 
the calculation process in th<d>ipe-line;is suffiCielltly stable against 
possible variation of the.initial data modeL .r ·: · ; · :. : ·. : i: . 

'' 

· Finally, we note that.the.pipe-line has a·rather flexible structure, 
~- . ' '',' ~- ' ,.. ·,' ,-, . "'· •• •' . . ~' ' ~--· - .• . • _',; ' '- "• \ ~' :" ' j. '·" r' ; J ' 

can. be. changed for different levels 'of the fast trigger and used f()r 
construction ·of the whole fast trigger~' lt'can ~smoothly flow".Jrom ' 
one trigger sublevel to a~othe~ C()inpleme~ti~g each other. with useful 
information resulting from calculations:· ; . . . ; ' . 

6 Conclusion · 

So, it was shown thatthe FLEX ALTERA technology can be used ·· 
· to construct a pipe-line with a regular structure, which ensures se

lection by To and ihe slope angle A within the bunch time with the · 
pipe-line depth of 40 bunches: The simulation results are given in 
[7], ·where the'·advantages of the integral method, possibility of its 
application to determination of PJ.., and.notonly for drift tubes, are 
also shown. Thus, the systolic pipe~ line of the proposed architecture. 
allows the "integral method" ,to. b~. u~ed in .th~fast trigger system 
of the detectors for LHC, SSCcolliders. · · ' · · · . 

. In. the preceding secti"on it wp.s rri~ntioned that the method be
c~mes even moi~ powerful if there is Pi for 'each ti. Possibilities of 

13 ·.· 



economical· obtaining of this information will be discussed in future 
"'"·'~ ; .\ l ·- '1 .. ' ' •• • " • ' ' • ;._ ! ...... ·• ._,". - ,> • ,, ' •;'-. :- ' "" '·.,.. - '" ·, ·, • • ~: 

papers. · · , . .. , . · • . . . . . c . · r . · 
· .. The, auth.ors .are.,grateful. to .~z.Y,.Kru~shtein ~nd :a.A.Chelkov. 

(Dubni), 'E.S:di~sh~kov. (St .. ::.P~t~;sburg),. V.S~Sh~oilov,(~vov) 
for helpful discussions, to· V,B.Rumyantsev · and A.A.Kazakov 
{DHbna): fpi th~ir assistanc~ in pr~p~ratioll.o(the paper}~r. ~~~; .. 
licati.on ... · . , . · ... , • · ., . :\ 
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