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1. Introduction. Toakimidis presenls in [7] a new method for
the solution of a single vreal nonlinear equalion fta) b with a stmple root in
the interval (e by, The noniterative approximale formula has very good
performances and nses just o siaple knowledge of the interval where the
root lies and no approximale knowledge ol ks vadne.

These qualities and the regokar form of the approximate formula make
it suitable for a svstolic implementalion.

This puper presents a svstolic implemeniation of this method. T Sec-
tion 2 we present an outline ol the method  and specify the real functions
whose rools linding will be svstolized. Tn Seclion 3 we deseribe the compo
nenls of  the svslolic network, and anabvse their performances. The  case of
algebraic equations is specified in Secetion ), where we give a new solutfion
to the svslolization of polynemial rools finding approchead in [1] by using
the Lin-Bairslow method. Some remarks are given in the last section.

2. Outdine of the method and funetions speeifieation. Our notation is
taken from |7} I ¢ is the simple root of the nonlinear equalion fix) -0
in the interval (a. M. then [7] slales Uhal

(1) c=81/52
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where

() Wi =L et (B =) )12,

{(n i oot oy gy, 2,

b The nodes £y, and Lhe weighls w, of the Gauss guadrature rule
can be found in [5, p. 608]. The convergence of this formula is stated by
heorem 1 in [T]
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[he function | will be taken fron a sel uf Tunetions delmed in (2] where
there are presented two Techniques to design systolic arrays abie lo compule
fz b oo oo withoa constant rale of time, Tnformally. f can be regarded
as o funetion defined by an arithmelic expression Tor which the hypothesis
of Theorem 1 in |7] holds.

3. Deseription of the <ystolic network. Further. the vartabie § deno
les the time which is o count of the aumber of clock Uicks, where the elock
Lick (CT) is the time Lo perform g division or Both o multipheation and an
addition. Mso. if 4 is a systolic array then Ted) and Pty denote dhe res-
pouse lime and the perind of L respectively.

The processors needed to constriel the svstolic network are depicted

in Figure b
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Fig. 1 — The processors used Lo Fig. 2 - The basic cell psed ko

construet the systolic nelwork pipeline (1)

Their 'O characteristics are the following :
(yz(f 1y =xth gty = thy gt £ 1) =a(h

and
() sl 5 Dy =20 D) i toa b D e ) ol 1) = il 0

‘The basic cell (BC) nsed to pipeline (1) is given in Figure 2. By supposing

that cach processor is active Tor any pulse number. we can state
Proposition 1. For cach . we have O (14 =105 D Fl

(OE XU = Dt D and O Ll =) [ Di . DEY =D,

Remark that BO qust computes the terms (5.1) and (321, The svstolic

subarray that pipelines (1) (ealled SSA ) consists of noserially connected
basic cellss B i==1, 5.0 nas L isishown in Fisure b The wave of compu-

falion moves Drom B, o BO 0 710 1.
i 5 0h
foy by %
e IE e N SN
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Fia 3 Ihe swstalic arcay o pipeline (1)
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Proposition 2. {7 [0 2y SiL | 3
) - n 2. s NemNIL Tl =S bl -1 1y =4
.\‘,(l Fivsag. ISUai-< =g and” DFEGIET H=flag. i=1 i {-hl’l-.‘-
UL =S1]52, ' S
Proog. By simple inductive argument il :
) i : arg can be shown that L0 o - D
1 Ibl and OL( by 520 where Siis delined by (200 7 1. 2 Bt-(l-'ms'vnl' Lhee
delay processor alter 5.0 S and §72 enler the divisi T | :
PR el ..-_‘” 2 he division provessor al the sane
As o consequence of the above asserlion i )
. ‘ assertion. we oblain TiSSA)y 0w 2
Now. suppose thal we have Lo find the simple ool of the vquu!inn1 fix) i
n ‘(.r!.,_. h"'.,) =1, "".l\ (in this ordery. By putting £, F imstead of fin Pro-
position 2. we obiain the woments in which the  data associated  with the
<th bateh enter and leave SSAL Clearlv, PASSAy L
| “|(" l;r((_rllv that the computation delfined by (1) and 15) mav be done
inside o C by compleling il as il is shown in Figure here 1he defl pt
vessor is o multiplier, . MUt A
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Fig. 4 — Completition of 13C 4o pipeline {1 and 630,

Clearly. this S_uljccll works so that iF o (a+ 2. e~ w2 Lt )
fgll =1y =d. WIH{ ly=wy, and Tl 1y -, then A= aw,. .\fH 1)
dcely. Gu(ly—d and () —¢. I
- I-:cm'ark lh_al il nohas lI'u' same  value for all batches then Tor cach BC
t1( valugs entering Woand 1 do not change during the compulation and
therefore they can be preloaded by a resel command, ‘
. i.el s suppose that S0/ and S/ denole the svstolic arravs lo
f:fl‘npult’ fotei) and foles), respectively. it and Lol .. K. These
.lll;i}: can he copstructed  as il is shown in 2] such  thal l’(.\.l{h))
3‘.1((‘ ,!%)) 1. l.'* 1. K. ln. order Lo ensure that the values emitled by
;u‘-.-lh).l .“l. K reach lh‘c right entries of SSA, at the right time. il is
ed the svstolic subarray SSAL presented in Figure 5. The f)rm-(n;sn" deno-
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ted by D oworks so thal il transmils its vertical inpul o fhe vertical oulput
(in the next CFy only if it reecives W17 as horizontal input. Because [l )
musl enter I, al the time £ 10 resalts that S/ must send f,(r,) hefore one
CT 1o all s and only the left-most 1) transmits fite ) to Foele. Clearly.
SAf) emits filug) ab £k 2 Hime foo 1 KO A similar subarray is used 1o
transmit the values emitted by Sy A1 .. K.

Let us denole by N the systolie network oblained by connecting
SAU S E=1 0 K 1o SSA throngh SSA. and ils copy.

Theorem 3. The networke N corveetly works. PANY— 1o and T(N) - max
LRk L K TUSSAG. nhere TEL man PRS- By i el
], ... K.

Proof. Because filry,) must appear at the !/ L2 pnlse  number il
results thal S.{f;) must  hegin ils computation in advance with TS A
Cls. Bul S.A¢f) and SSA work in - parallel & -1 Cls. and Uherelore SA(f,)
must begin ils  compuiation with TS0 Ao before the moment al
wich S8\, begins ifts activily, From the same argument applied to [, we ob-
tain thal the coliection of SA4(f) and SA{f). k=1, ... K. musl begin (in
part) ils aclivity with T(N) CTs before S8A,. I'mis completes the proof.

Let us remark that T(N) can be redaeed by indexing the balehes such

that TFg T F=1. . K—=1.
‘The munner to hroadeasl . § Lo.on Lo the enlries ol S.A(f) and
SALD. b1 KL is similarly to that discussed in 12]. Informally, Lhese

values move along a hamiltonian path connecting these enlries through some
delay processors.

We note that if different values of noare used for different i then a solu-
gion like that Trom Figure 3 can be used in order to send The value of v enle-
ring each S (/) lo r-entries of S8\,

1. The case of algehraic equations. Let us suppose that fv) = p,0

Do o X" P pais o polynomial with real cocificients. By using Florner’s
rule Lo evaluate fand [0 the systolic array whiclh uses the pipe presented by
Pam and Mastow in |11} is depicted in Figure 6.

Many advintages appear when. after locating the K oreal roots ol f

e

we want 1o find the simple rool in (ap. b k=100 Ko A systolic arrays
SAY B ol Ko are copies of thal ene. The coefficients are introdueed
just once and move from o copy Lo another. while e ¢ 1o move

along a line passing Lthrough xentries of each copy. Now. T(N)=m-—n+2
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and the enlite computation  lakes ni-ons W= Clsas compared  with
OUR () time required by the usual sequential algorithm.

As an application we can compute ¢' ™ m a svstolic manner by {aking
[ixys=xt-—q. a=1. h=q fov g=-1 or a==4. b1 Tor g=o ), while SA(f) andl
N4 become very simples where nio 24,

We nole thal the design of svslolic arrays for solving aldebraic equa-
tions is continued in [ 1] by using u specific method.

5. some remarks. As il wus menlioned, every processor of the pre-
sented network is aclive during cach pulse nuntber. By using a 2-slow ver
sion of the network as il is deflined by Leiserson in 8] we introduce iwo
classes of computation. Although the period jrereases, we can ublain some
advantages. For example. it is possible to have the number of basic ccells of
SSA; and 1o use only o single version of S8A, by tuking the advaniage ol u
coalescing technique discussed by Leiserson in {94,

By accepting a discrepance between the moments at which ihe values of
Jand [ enter SSA L we may replace SAL), k=1, ... K. construgled as in
[2] by some new and somelimes more simple svstolic arrays for namerieal
dilferentialion |3}

The most adequale way o realize the above nelwark is Lo wse a solt
svstolic implementation mentioned by Megson and Kvans in [10] or a
programmable svstolic chip discussed by Fis her, Kuno el al in |[B]
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ON THE DEFINITION OF M-FLOWCIHARTS
BY

VoOE CRZANESCU amd 5, GEAMA

This paper is a nalural continuation of the following Cazanescu and
Ungureanu resull @ the M-flowcharts over an atgebraic theory with iterate 7
Eorm o T-module with ilerate freelv generated by 1.

The definition of M-Noweharts uses an artificial hinear order on the sel
of interna! vertices. We remove this deliceney by a simple factorization. In
this way we oblain a new free algebraic stracture which differs from the pre-
vious one by oa new axiom,

1. Introduction. Lel us begin with some notation. Let 7 be an S-sorled
algebraic theory, Let M be a monoid and let 7@ M- 57 he a monoid morphisin.
The letter mowill denote an element of M. 1 f= N, p) is a morphism in the
initial (one-sorted) algebraic theory and my mu. ..o my are p clements of M
then we denole by

fomy o m ompheE T Moy rlmynmy) the uni-
que morphism of T such thal for each i« |n]

) ]”l"‘f(;)r:-U-I'-"r-.--u FONTE A VYor(foomy )

i Fod-l
O ianas < mpy— s 5 Vriag b iimgisy o oo
Nolice (hal
P e eompy =1 (] Ton), Floed . Hm,

where 1o is the idenlity morphism ol 8%
The following equalilies are easy Lo prove :
(1.1) PUfg s iy e e i == F(f 0 Mgy Mg e Blps) Py s Mg aess W)
for every fE N, p) and g=Nip. q).
(1.2) r(—fo g onny. My o ) =<<i{f 3. My o ). Mg b, Bl i) =
for every fe N, py and gy NG p).
(LS rf g my B oy, oy . .. mg)=rlf s n e g rlginyg . m,)

for every [eN(n. py and g= N’ g)

(1.1 P my by, s i) el ey



