Vol. 13 No. 5 i} #

May 1972

TEARAOEINHENECD (VT

foW

;'ﬁ**

Abstract

In this paper, the parallel evaluation of general polynomials is considered.

If an unlimited

number of processors is availabbe, then for any given number of steps s, s>1, polynomials

of degree as large as C2:% can be evaluated, where C=1"2 and §~V"2s.

Also, polynomials

of degree n can be evaluated in logzn+1"2logzn +0(1) steps. If only K, 0(K)=1"7, processors

are available, then polynomials of degree n can be evaluated in

2n/K +log: K+V 2loga K +0(1)

steps.
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ment % s’ R 7y FPRICTHET Z10HICE,
Qi) BT zmi O (s'—1) 27 » FLIAIC
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9 % segment % consistent & IFE3:
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N(s) L0HEEEMAY, g-cut TTs 27 v 7N
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8 steps +

(a) The computation tree for Muraoka’s folding
method, a 2-cut at step 8, which evaluates
a polynomial of degree 33.

(a361:7+ —=+20)x? * (2g a7+ -- vay) =

:

bsteps b steps
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5 steps b steps 7 steps

x_ 6 steps ™ x
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8 steps ¥
(b) The computation tree by a 3-cut at step 8,
which evaluates a polynomial of degree 36.

1 Examples of Computation Trees at Step 8.
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3. 5Lb, Aus; HD DD segment % [ L~
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BLTHWATEXEKT S, LT, LOF

sk computation tree %, FHERXDLFIFMICHER
Ag=2F g4 1) s
2.3 7HITUXLICELT

S-k+]

o \/ \/

step

[ 2 A General LOF Computation Tree.

Where [_] Denotes a Segment.

721} computation tree DRICHESF 3735, R (3)
THEZON2 Ns+1) AP & (@ —1)2—a)
XN(s—k—i—j)>0 KNI 2 LB8T&3. 1
7ZLO0L KL, TZTC, a ML LTS, N(is—k
—§)+1 & N(s—k—1—j)+1 OLLTEHRIN, —F
T 1<a<g2 TH5, #ALE, Muraocka @ folding
method DA, a(s) i3 (V5 +1)/2 &35,

HHE 2

R(3) YT B computation tree IBWVT, £
® LHT % LOF T7i\> computation tree &3 3.
Z DA LHT {3 balanced tree TH XUy, £LT,
Z#®dD kX 575 computation tree ICTFHETX ZZHER
OBEREE N(s+1) TREE, KOT LML B.
THbb, Rk Ns+1)>N(s+1) »D ¢>§ 2R
4% g-consistent 73 LOF computation tree 33/b7%
{Eb—DFET 3.

#m| 3

K (3)ITHY 94 3 computation tree 73, balanced
computation tree THY, D g-consistent TH 3
Edhi, FAU qicyd 3 LOF computation tree &
g-consistent TH 3,

1, #5212 balanced tree itk b, (s+1) X
F v 7HRICHET & 25&KEI3, balanced tree T
731> computation tree THZ O3 ZhLD b K&
W A% L, ffE312, LOF computation tree
HS—#D balanced tree k¥ b, FEADIFFHEIT

?7 AAYA \/
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LOF computation tree % g-consistent T
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7e&9 3 EX(5)MERUT B,
s—k—2>Tloga(N(s)+(2q—2***—3)
X (N(s—k—2)+1)+1)1.
(4)
N(s+1)
=N(s)+2(qg—1—-2%)(N(s—k—2)+1)
£ (@ — g 1)(N(s—k—1)+1).
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L]
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RETHIE, g-cut THEZO6NB N(s+1) i3, (g—i)-
cut THEZ 583 N(is+1) Xbhbkxw, 2L
DIER 1<i<qg—3 &7 5,

HERR

g-consistent i LOF computation tree I¥, B5
WIC (g —i)-consistent TH 3. LIchi- T, g-cutic
FvEHZoNE Nis+1) ODED (g—1)-cut itk &5
Zbh3 Nis+1) DEXD b RENT EEREFETH
SThHA.

F1ED, Nis+1) DE%E LD REL T HIcHicia,
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FVRELTELETHBENALSB. ZOHEIR
Muraoka @ folding method D—#{t.T& ¥V, multi-
folding method & FE3s. (T &7 FikdS, Munro
& Paterson® {2k 9, 12EAERKERC, »DOMMILIC
EZZHENTWA.) multi-folding method 357 &
NBFNIFIE 550 g-consistent DEH, K(4) %
FIH LT, (¢+1)-consistent 7& LOF computation tree
BB ENTES. ZDOHHE% modified multi-
folding method &FTf, multi-folding method X
DHEFTLNTVBT EBHASNTNSY,

#£1iL, BAOWKRAT v P s DURTHETE 25
ERXDOEE RS %E, Muraoka @ folding method,
& U multi-folding method T2 T L¥H LI, &5
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% 1 Degrees of Polynomials Which Can Be
Evaluated in Given Steps, Those De-
grees Marked With % Have Been
Found By Munro And Paterson.

N(s) . . N
N gy | Nen | s oo 2T
s . ‘ q q

1 0 o] — o* | —

2 1 1| 2 1| 2| 2
3 2 2| 2 2¢0 2| 3
4 4 4| 2 | 2| 4
5 7 7| 2 | 2| a
6 12 12| 2 12¢| 2| 5
7 20 20| 2 o1 | —| 6
8 33 36| 3 art| 3| ¢
9 54 62| 3 63| 3| ¢
10 88 04| 3 w0m] 3| g
11 143 183 | 4 187 [ —| g
12 232 320 4 327 | 4] 10
13 376 572 | 5 575 5| 1nn
14 609 992 | 5 1,007 | 5| 11
15 986 1,728 | 5 1,75 | 51 12
16 1,596 3,059 | 6 3,119 | 6 13
17 2,583 5,489 | 17 5575 | 7| 14
18 4,180 9,767 | 7 9,805 | 7| 15
19 6,764 17,454 | 8 17,703 | 8| 16
20 10,945 31,286 | 9 31,783 | 9| 16
21 17,710 55,915 | 10 56,743 | 9| 17
22 28,656 101,095 | 11 102,111 | 11! 18
23 | 46,367 182,875 | 12 185,047 | 12| Tg
24 75,024 330,839 | 13 335,031 | 13| 20
25 121,392 602,873 | 15 607,423 | 14| 21
26 196, 417 1,096,807 | 16 | 1,100,143 |16 | 22
27 317,810 | 1,991,463 | 17 | 2,017,047 |17 | 22
28 514,228 | 3,619,735 18| 3,662,215 |18 | 23
29 832,039 | 6,603,699 | 20 | 6,680,511 |20 | 54
30 1,346,268 | 12,071,699 | 22 | 12,216,343 | 22| 25
31 2,178, 308 22,129,325 | 24 22,373, 607 24 26
32 3,524,577 | 40 738,153 | 27 | 41,071,247 |26 | 27
33 | 5,702,886 | 75,027,400 | 29 | 75,758,895 |29 | 28
34 | 9,227,464 | 138,301,057 | 32 | 139,896,991 |32 | 29
35 114,030,331 | 254,222,609 | 33 | 257,087,903 |33 | 29

T, BIEHIS N TV ABEARDREBMA., T T,
* FIOM TV BKEIE, Munro & Paterson® ic k&
DEZONIKKRETHD, T 5 DMEE modified
multi-folding method ZFEA LT, 12 25 v 7 LIk
WCEHELT % 2 B ARDOHE /AR ERD /.. 72, multi-
folding method THZ 6115 R D FHADEEIC
HHLEL AT 7, THRbb, HiHS lower
bound % &R ULTC,

F1hobENBEBY, N(s) & Nis—1) D& L
TEHINIHMIEE afs) 13, multi-folding method
DA, s DIME & bic, 2KE3L, FRLTRATy
FLI#gic s 5 &, multi-folding method %3 folding
method ICHNT, ELLTENTVB T EBDLIS.
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3. ZEROIFIEHICIH TS BOUNDS
Bl T

B 2

bLb, EROBEENEBRBENEZONDEHBOLK
FTEEOIE, RO ENNZB.

N(D;)>2Dr-1,
127220, D,=r(r+1)2+i THb, r=2, r—1=i=
-1 &73,

K8

D, 25 v 7V, &I 201 OEHADFES
Tx B LE, BMEERAOTERTS LT,
i=0 DOEADIFIE, Munro & Paterson® ICX»
TdE5z2600TNAE,

r=2 OBAIE NB+i)>2" 45, 1=i>—-1 el
TRAT 3. r<k TR LUTEESRITEHDER
L, r=k+10HEAICS, EFEMBRILT ST EER
ER

JRRAEDRE LD, Dr 27 » TBNT, KEL,
2Dk DT TH 25 EEROSHEAMHATSE, 2, K
oD P T THIAED 2z DRELGFHEATES. L
tehioT, KE 2D PIFOREERDOFZERNE, KADLT
ELEDLENSB,

Plz)= 3 Q(2)aior,
j=0
772U, Qiz) BKEK 2D UTOREROFHAE
SF. PR DBOMIX DL, Plx) ORE&KREE
2Ds 213h), D A7 w7 TERETEXZZ LD
5,

CCTEBKOH B &, Brent? © 758 HICH
HPNTVBER (N AEFEIBLI L LILEXD, /&
o021 DEERD, r(r+1)2 25y THICEHERE
T&3EMRTES,

FE2 XD, ROWHIBALHTH S,

% 2 (dual property)

Bz 5Nz 2Pl EDR T o 7EBNT, R C27°
DEEADVHBETE S, HL, C=V2 £LTi=
V'2s.

ZRIC Primal Problem T& 3, Wi 7D FHAD
SHEICKEL, BNDRT v THRICOVWTERS. &
B2 X RORERSYF B, L, Tx(n)id, 7
NTOTNTY X aEEZIEE, nREBAEHE
TRICMERE/NDR T v 7ERICHEE L,

T..(n)=mKin Tx(n)
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T.(n)<logzn+V 2 logzn/VIogen—i +0(1)
272U, logen=r(r—1)/2+i, r>2, r—1>i=>—1.
L7285- T, Munro & Paterson D87/ EHEH
CEEE 3 #liS 5.
FE 3 (primal property)
T.(n)<logzn+V 2logzn +0(1).
ERE 4
b LHKEOHEENEEBRSEL ON/ D ERE
FThiE, ROREAMBKILT 5. KL, (K)=Vn.
Tk(n)<2n/K+logz K+1V 2log: K +0(1).
EE8R
—WBD, nREFRERDL S icHFHL, 2L, A
3, R n/(K—1) OEBATHD, X=zav&D &
XS
Po(x)=Ao(z)+ Ar(x) X+ -+ Ag-o(x) XK2
F9°, Ao, A, oo , Ax-2 %, Horner’s rule A M\
T, 2n/(K—1) 27 » 7 TEHEL, REEIC X 25
4 %. % LT, multi-folding method 21y, X5
i loga(K—2)+ V' 2logz(K—2) +0(1) R 7 v 7T Pa(z)
OHEAKRTT S, LIchB->Te2%k&LT,
2n/(K —1)+log2(K—2)+1V2log2(K—2) +0(1)
2Ty THEELY, FESHET S,

4. t ¥ U

Muraoka @ folding method ®—f&1t. & LT, multi-
folding method & FEEN 2 LH{A D computation
tree & Z TAIL, TOHEICED, KEUBREDOE
ERICEH LT, BRIICRDONBE R T » TH(THR)
IGEWA T v 7HT, SRRDHESTE 2T EMA
i

Bz ofhfc ATy THARCBOTHETE 35HR
D, BEAShTOIREORYE, K1ITRLE.
UL, BEOHFH TP 553, Munro & Paterson®
KX DEZIZINIAFHD computation tree ZEH
T, 1527 » FPY LB THATE 32RO
T N(s) %, BADDLLEDD T EMFHETH B.

KAXDOB HIL B4R %, EH2, 3, 4IRS,
ZRSOERR, ARTICELTREZELEL-

i B May 1972
2, BEELAUFHAADHEIHETE200LE

bhz. UL, KB TR LK multi-folding method
12, ¥HEHEEAFTSEAD computation tree DE
Fue LT, BEAZROELEYIHFETHD, £
EZABONKHMOBFNBEE U h 5L 6N L
b, FRICERIGENR T » PHICk D, SHADFH
BMBTRAS.
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