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ALGORITHM 6
8. PASZKO WSKI (Wrooclaw)

HOMOGRAPHIC TRANSFORMATION OF THE ZEROS OF
A POLYNOMIAL

1. Procedure declaration

procedure nrpuc(n, a);
value #;
integer n;
array a;
comment The procedure nrpuc calculates the coefficients of the poly-
nomial having all zeros of the form

o +1
xk—"‘l

(1) Y = (k=1,2,...),

where x,, x,,... are all, different from one, zeros of the polynomial
(2) a@"+ax" ' +...+a, (@, #0)

with given coefficients.

Data:

n — the degree of the polynomial (2),

a[0:n] — array of coefficients of that polynomial.

Results:

a[0:n] — array of coefficients of the polynomial with zeros of type
(1), ordered as in the data (a[0] — coefficient of 2™, which
may be equal to zero,..., a[n] — free term).

Remark: If ¢y = ... =a,_, =0, a, # 0 holds in (2), then the ob-

tained polynomial has also a multiple zero of order p equal to 1;
begin
integer j, k;
real aj, ajl, ak;
for k: = 1 step I until n do
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begin
ok : = alk];
aj: = 0;
for j: =Fk step — 1 until 1 do
begin
ajl: = a[j—1];
aljl: = aj1+aj;
aj: = ajl
end j;
al0]: = a[0]+ak
end £;
ak: = 2;
for £ : = 1 step 1 until » do
begin
aj : = ak X a[k];
for j: =k step — 1 until 7 do
begin
ajl: = a[j—1I7;
aljl: = aj—ajl;

aj: = ajl
end j;
ak : = ak+ ak
end %
end nrpuc

2. Application. The transformation y = (r+1)/(r—1)
transforms the complex halfplane

(3) rex < 0

into the interior of the unit circle |y| < 1 and the interior of the unit
circle

(4) o] <1

into the halfplane rey < 0. That is why the procedure nrpuc may be
used for shifting the search for zeros of the polynomial from region (3)
to region (4), and vice versa.

3. Method used. It is known that for a given polynomial (2) the
polynomial with zeros (1) takes the form

(5) w(@) = ay(x+1)"+a,(z+1)" " (z—1)+...
v ta, J(@+1)(z—1)" '+ a,(@—1)".
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Its coefficients for 2", 2", ..., 2° are calculated in two stages. The first
consists in introducing an auxiliary variable

1

y = (@—1)

and in calculating the coefficients of ¥, %" ', ..., %° in the polynomial

27w (w) = ay(y -+ 1)n+a'1(?/+1)n—ly+ S an—l(y'Jl‘]-)yn—l‘l'an?/n-

To do this one forms successively the coefficients of the following poly-
nomials

Vo(y) = ay,

2(Y) = @)Y+ +ay* (E=1,2,...,n).
Let

0a(Y) = @y + oy 4.+ a
In the second stage the coefficients of 2", 2" ', ..., 2" in the polynomial
(@) = 2"0,(y) = ay(@—1)"+2a;(x—1)""+...4+2"a,

are calculated. To that purpose the coefficients of the following polynomials
are successively formed:

wo(z) = a(;’
w(®) = wy,_, (@) (@—1)+2%a;, (K =1,2,...,n).

4. Certification. The procedure nrpuc has been verified on several
examples. In the sequel are given: 1° the given polynomials, 2° the exact
polynomials obtained (without rounding) from (5), and 3° the polyno-
mials obtained by the procedure nrpuc on the Elliott 803 computer:

(1) 28+ 4a® + a0t — o2 — 4w — 4,
724° — 482% 4 8023 — 4822+ 8,
71.99999972° — 47.999999924 + 79.999999922 — 47.999999922 4
+ 7.999999992;
(i)  x%447.88843234 797.2789x2+ 5349.457x+ 12296.555,
18492.17933x4— 59785.3571423 4 72190.772202% — 38579.08286x -

+7697.48847,
18492.1795x4 — 59785.35732% - 72190.77262% — 38579.08315 1

+ 7697.48854;
(i)  .0000248015873x%+.00019841269827 1 .001388888892°
+.008333333332%+.04166666672*+.166666667x3 .52+ 2+ 1,
2.71827877020532% — 16.309722222893627 1 43.49236111031642° —
—67.05138888687922° 1 65.23784722241102* — 40.95694444646323
+16.18680555609242% — 3.6787698405896x 1-.3678819441493,
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2.71827877x8 —16.3097223x7 4 43.49236092¢ — 67.0513889x° 1
+65.2378468x* — 40.95694432° 4 16.18680552%—3.67876979x +
+.367881940.
The execution time of the procedure statement nrpuc (on Elliott 803)
is approximately equal to 40n2+180n msec.
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ALGORYTM 6
S. PASZKO WSKI (Wroclaw)

PRZEKSZTALCENIE HOMOGRAFICZNE ZER WIELOMIANU

STRESZCZENIE

Procedura nrpuc oblicza wspélezynniki wielomianu, ktérego wszystkimi zerami

8g liczby (1), gdzie x,, x,, ... 8g wszystkimi réznymi od 1 zerami wielomianu (2)
o danych wspélezynnikach.
Dane:
n — stopien wielomianu (2),
a[0:n] — tablica wspélczynnikéw tego wielomianu.
Wiyniki:
af[0: n] — tablica wspélezynnikéw wielomianu o zerach (1), uporzadkowanych

jak w danych (a[0] — wspdlezynnik przy z”, byé moze réwny zeru,...,
a[n] — wyraz wolny).

Uwaga: JeSli w (2) byloby ay = ... = ap_; = 0, ap, # 0, to otrzymany wielomian
mialby dodatkowo p-krotne zero 1.

Procedure nrpuc sprawdzono na 3 przykladach. W § 4 pracy podano wielomiany
wyjsciowe, wielomiany z nich otrzymane dokladnie (bez zaokraglen) wedlug wzoru
(6) i wielomiany otrzymane za pomoca procedury nrpuc na maszynie cyfrowe;j
Elliott 803. Czas wykonania instrukeji procedury nrpuc wynosi ok. 40 n2+4 180 n msek.

AJNT'OPHTM 6
C. TAIIKOBCKHM (Bponnas)

I'OMOT'PA®NYECKOE IPEOBPA3OBAHUE HYJIEM MHOI'OUJIEHA
PE3IOME
Ilpouenypa nrpuc BBLIYACTSET KO3(bQHUHEHTH MHOTOYIEHA, BCEMH HYISMH KOTODOIO SBIIA-

rorca wucna (1), rae xj, X2, ... — BCE OTNIMYHBIE OT 1 HyaM MHorowreHa (2) ¢ naHHBIMH k03ddH-
LEEHTaMH.
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Haungie:
n — cTenedbp MHorowieHa (2),
al0 : ] — maccuB KOPPUUMEHTOB 3TOTO MHOrOYJIEHa.
Pesynerater:
a0 : n) — maccuB Kk03(ddULMEHTOB MHOTOWIEHA ¢ HyNsMH (1), yOOpSANOYEHHBIX KaKk B JAHHBIX
(a[0] — xo3¢duuuent npu x”, KOTOPHI MOXeT ObITh paBHBIM 0, ..., a[n] — cBOGOAHBIH
YJieH).
3amevaune: Ecnu 661 B (2) 6bU10 @) = ... = ap_1 = 0, ap # 0, TO NOJNyYeHHBII MHOTOYIEH HMeN
6b1 IOMONHUTENBLHO p-KPATHEHI HyJIb paBHbIA 1.
Hpouenypa nrpuc 6pina mposepeHa Ha 3 npumMmepax. B ctaThe mpHBeAeHbI JaHHbIE MHOIOYJIE-
HbI, MHOTO4IEHBl IOJyYyeHHbIe TO4YHO (0e3 oxpyrienus) mo ¢opmyne (5) ¥ MHOrOYJIEHHI MOJY-
YeHHbIe ¢ MOMOLIbI0 mpoueaypsl nrpuc HAa IBM Dmmort 803. Bpems BbINOJIHEHHA omepaTopa
npouenypst arpuc npubau3ATenbHO paBHO 40n2-+180n Mcek.



