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SPECIFICATION
Method and Apparatus for Arithmetic Operation and Recording Medium of

5 Method of Operation

Technical Field
This invention relates to an operation apparatus, an operation
method for calculating a remainder, and a recording medium thereof. In
10  particular, the invention relates to an operation apparatus, an operation
method for calculating a remainder using a computer, and a recdrding

medium thereof.

Background Art
15 Related Art 1.

In the following, as the first conventional related art, an example of
the conventional technique, where a remainder operating method disclosed
in USP No. 5,463,690 is applied, will be explained referring to Fig. 15. This
relates to an operation method for calculating a remainder of an integer Z

20  divided by a prime number P. Here, it is assumed that the prime number P
1s limited to be a number which can be represented by 2% — C (q: a natural
number; C: a relatively small odd number). By limiting the prime number
as the above, the remainder can be calculated using only shift operation,
addition and subtraction. Here, the calculation of remainder is performed

M

25 by a computer having 2" as a basic operational unit.
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In the followng, as the first conventional related art, an exanple of the
.conventional technique, where a renai nder operating nmethod disclosed in USP
"No. 5,463,690 is applied, will be exp%ained referring to Fig. 15. This
‘relates to an operation nethod for calculating a remai nder of an integer Z
20 divided by a prime nunber P. Here, it is assuned that the prinme nunber P
islimted to be a nunber which can be represented by 29 - C (q: a natural
nunber; C. a relatively small odd nunber). By limting the prinme nunber as

Eﬂﬁib i onand SEBY PRREREH 8y AP Aot Pt PR leEi e SBE BT of mec
25 ] i 2 [ ' it. i
£117711 107100 Py S £ERE DERL 165 (4781 CmAtppanpe lcilated psinghiipl o, as

shown in Fig. 15 the r,emai.nder qof the integer 685 divided by the prine
nunber  1etaguier katE BIIRNIOHe Hebttic sBpRUiomd Eoipardrtadpergion (3
bits) as mg basi ¢, operatignal unit, and the operation will be described in
the fol | Y @:d%CW% 1@%‘?@@‘{?1@@1 by bi nary nunber, 685 becones
(1010101101). First, the lowest bits q = 4 bits 1401 (1101) of the

i nt eder Whernggprasentedihyneiaarnaumbesaf8d baogned (HOIOIOL10Whi ch is the

remai ning bits 1402 (101010) nmultiplied by C = 3, is calculated by shift
operation and Budt.tthedowgstebits gite 4dbtsal 4@ (1AM of 498integenlded68d atrbe dat a
1401 (1101) to obtain data 101404 (10001011). Then, the | owest bits q
= 4 bit slatdlos].( 1Desy, dhta HetQBat(2111408), awdidlatic e, r&ubseiggebitsy 14dat a 1407
(11000), which is the remaining bits 1406 (1000) nultiplied by C = 3, is
cal cul at@®16y 05 midltipbiedriat Con Rnd cadtdilhicdnby Bift hperatitie adhdt addiddh.i s added
to the data 1405 to produce data 1408 15(100011). Then, the | owest

bits q =THehj tie dstathdD@dth) 1403 ished dul @i thedidat B1O14Q302) & bitash A% ta
Subsequently, data 1411 (110), which is the remaining bits 1410 (10)

mul tiopl | B4D4¥10001031).i s cal cul ated by shift operation and addition.
Further, the data 1411 is added to the data 1409 to produce data 1412

20(10001) . Then, the lowest bits q = 4 bits 1405 (1011) of the data 1404 are
latched. Subsequently, data 1407 (11000), which is the remaining bits 1406
(1000) multiplied by C = 3, is calculated by shift operation and addition.
Further, the data 1407 is added to the data 1405 to produce data 1408

15 (100011).

Then, the lowest bits q = 4 bits 1409 (0011) of the obtained data 1408
are latched. Subsequently, data 1411 (110), which is the remaining bits
1410 (10) multiplied by C = 3, is calculated by shift operation and addition.
Further, the data 1411 is added to the data 1409 to produce data 1412

20 (10001).

The data 1412 includes q bits where q is ¢ = 4 or q = less than 4, and

is a remainder of the integer Z divided by the prime number P. Namely,

(1001) = 9, and the remainder 9 of 685 divided by 13 is obtained.

25 Related Art 2.



The data 1412 includes g bits where g is g =4 or g = less than 4, and is &
.,remaiinder -of the integer Z divided by the prine nunber P. Nanely, (1001) =
"9, ahd the remainder 9 of 685 divided,by 13 is obtained. 3 “In the
‘foll ow ng, as the second conventional "related art, an operating nethod for
calculating a remainder R of a division of an integer Z by an integer

will be explained referring to Fig. 16. The operating nmethod is considered
basically in the same way as the first related art, however, the 5 concrete

mb d thereincis different fromthe first related art. The ti
et hod i npl erreft B () HEE &2 Bt sl e eabppabicTalid aitnan oograiinke

operation i for with 16 biits as a.processing unit. In Fig. 16, a
feferenc@eﬁﬁﬂ‘gﬁéﬁ’ Cigcg‘iagﬁgv% rﬁﬂlai”ﬁ&"éfggr()fz? WHPOR ({HVRD ARteERY dydy n(| =
2160 + ff§9d), 50§ ihoms hj%gﬁr 64 bit data Zh of the integer Z, 1504 shows
| over 10'6EeHTWHhPs explamedneeferingde Mg 46 Wooorsrehmeameshedrider R In
Fig. 16, the_integer Z and the remainder R are represented by hexadeci mal
nunber s, carddenedt pasicalledgerthe same way pehe fonst adlasgd deti hewevemttbe, ff9d
by hexadeci mal nunber. ~ The highest 16 bits of |I are 1, and the

r emai hdegonsantennupdiesuisade therein 3s saffereadt frog Hre {568 related pirt.edThy f f 9d
fromZ 1504. Concretely, the follow ng process is used for cal culating the
r emai ndeeperating metld ghplephentedhysthelld-bittcodatige nsdl befexphaiht3ahs
multiplied by ff9d to obtain 32 bit data aa680042 (1505) (rultiplication
1) . Next thebbpdraitonnis péyforradd with f18dbite aght pidced3inki ﬁlni@.atﬁnlﬂig.zﬁé,aﬁ (1506)
(multiplication 2). 20 Subsequently, cccc is nultiplied by ff9d to obtain
32 bit dedfarerréandherd116W1) sHowd 4h phicgat ZoN58% shows an int&H&NT (ddadoi s
multiplied by ff9d to obtain 32 bit data dd873389 (1508) (rultiplication

4) . Thr ougipd)hesedbedews Hikhér B4 ibedanBh o tRE deechr of 150k khBlkisqatiken of Zh
and ff9d is obtained. 25Subsequently, this product is subtracted from Zl

(1504 . 160 biedath F0bf QW RleeadHi i D500dhsWR AGHL QL RE! ey and
borr ow. allzi rst, 00412 ie% subtracted from tﬁ%ﬁ?%gylgﬂﬁwg&ga 0000

R e e R e
(addi tiophgult et idger 1, 2'® is represented by decimal number, ff9d by
hexadecimal number.

The highest 16 bits of I are 1, and the remainder can be calculated by

15  subtracting Zh 1503 multiplied by ff9d from Z1 1504. Concretely, the
following process is used for calculating the remainder.

First, the lowest 16 bit data aaaa of Zh 1503 is multiplied by ff9d to
obtain 32 bit data aa680042 (1505) (multiplication 1). Next, bbbb is
multiplied by ff9d to obtain 32 bit data bb7266af (1506) (multiplication 2).

20 Subsequently, ccce is multiplied by ffd to obtain 32 bit data cc7cedle (1507)
(multipiication 3). |

Then, dddd is multiplied by ff9d to obtain 32 bit data dd873389

(1508) (multiplication 4). Through the above 4 multiplications, a product of

multiplication of Zh and ff9d is obtained.

25 Subsequently, this product is subtracted from Z1 (1504). In the



5 3). Subsequently, bb72 is subtracted from 2222 (addition/subtraction 4),
.and further cdlc is subtracted (addition/subtraction 5). Then, cc7s is
"subtiacted from 3333 (addition/subtragtion 6), and further 3389 is

‘subtracted (addition/subtraction 7). Finally, dd87 is subtracted from 4444
(addition/subtraction 8). 10As has been described, the remai nder R 1509 of
the integer Z divided by the integer | is calculated through 4

mul tiplications and 8 additions/subtractions. In the above related arts,

when t he fQfd j - MY 15 rel atively small odd nunber),
t he rernauf(;r%ddg{r;l??1 gg%aggioclg?}églsép ter(ﬁ1 CVE\}IiO %1 ﬁgﬁﬁld%ic\?irg Sﬁ,a Wf% " all ows the
operation proceed i ckly. ;However., even.if t(I}EGe al cul gtian cl udes the
di vision, the %ﬁ%%%ﬂ%%@?%éﬁgAw«est pilidasn 0Ol a2l A0S ¢ he
operatin ed,of the. calqulatiqn. Further, .as clearly described in the
second rgﬁ(’;ﬁg&néﬁ“?),tr%%é’ﬂt - 20 ‘??Etege&}ar}iS i d8 pgsubtragtgd= from =1l n the
first relajed art, q = 160, f = ff9d in the second related art), f (3 or
f f 9d) nuFat‘*dgFlP%gt“ibS’F?‘cé’toé‘p%), apd fugthartaaf insubtmetad (addatipeisubbractiosul t
exceeds 16 bjts of the basic operation unit, so that the nunber of
acconpanfbd dHeaueRElYobbddhisr sehtirastedy Boaneild2afasliticofrbgrrantidy 4)f he code
size becones | arge, and when the nunber of 25 processing steps is |arge,
t he oper abflofithgr ddilgyis sgbtracted GHditpdsebitractioens).onThenprevsdad t o
sol ve the above-nenti oned problens, and ains to obtain an operation
appar at usubtopetedt | fsomnedddt (aokdidahsubstachignt M), r emdi Mdetheef 3389 i iat eger at
a high speed using a conputer and recording nmediumthereof. 5 D sclosure of
t he | nvesbtoacted (additdom/spbtraction Bppdtiaallg dd87 & stbtractal Gloen PMesent
invention for calculating a remainder R of data Z having Bz bits divided by
data | réudésentsabthietianf&)l | owi ng equati on: 10N=A

10 As has been described, the remainder R 1509 of the integer Z divided

by the integer I is calculated through 4 multiplications and 8

additi'ons/subtractions.

In the above related arts, when the prime number P is 29— C (Cisa
15 relatively small odd number), the remainder can be célculated without
division, which allows the operation proceed quickly. However, even if the
calculation excludes the division, the calculation includes the shift operation,
which limits the operating speed of the calculation.
Further, as clearly described in the second related art, when the
20 integer Iis 2°—f (q = 4, = 3 in the first related art, g = 160, f = ffod in the
second related art), f (3 or ff9d) multiplication steps are required. And the
multiplication result exceeds 16 bits of the basic operation unit, so that the
number of accompanied additions or subtractions becomes large.
Consequently, the code size becomes large, and when the number of

25  processing steps is large, the operation may delay.



1= E ANviN N=O (Mis a nunber of bits of a basic operational unit; Nis a
Jnhaturral nunber being one of 0 through Nmax, Ao is a val ue whose absol ute
"value is smaller 15 than a val ue repr(é;)sent ed by the basic operational unit
‘of Mbits; each of A through ANNinl is +1, 0, or -1; ANmax is +1, or -1;
and Qis a natural nunber equal to or nore than 2) the operation apparatus
i ncl udes: (1) a data Z1 storing region for storing data Zl of |ower M
X Nmax bits of the 20data Z;, (2) a data Zh storing region for storing data
Zh of higher (Bz-Mx Nmax) bits of the data Z; (3) a data. AN storing
region for stori gpf(ﬁs@g‘ga eRffon, iy provided 497 solve, fher P%?l‘ies'ﬁlﬁ“l‘t%{eidon uni t
for cal cul ating the remainder .R by 25 determ ning an operati on between

addi ti onPg eg??o@.r@c%%t(ba NG ORSIRSID RRRATRE S PRAFaBP N et rAN, and
operating addition/subtraction of data stored. in at |east a part of the
data zI Stlsiiatang dhe gsmaindem ek the dptager mtaa highspeed psing 6f camputpat a zh
storing reai on. Further, in the operation apparatus, the data ZI storing
regi on sedflascording nedianytheyeofiata z1(i) divided by the basic operational
unit of Mbits sequentially froma |owest side within a range of a natural
nunbe? i (1 i Nmax) in a data Z1(i) region; the data Zh storing
region stores the data Zh as data Zh(j) divided by the basic operational
uni t of Mibilosureesfithatlnabhtiofirom a | owest side within a

An operation apparatus in relation to the present invention for
calculating a remainder R of data Z having Bz bits divided by data— I
represented by a following equation:
10 N= N,
I= Y, ANQ™
N=0

(M is a number of bits of a basic operational unit; N is a natural number

being one of 0 through Nmax, A, is a value whose absolute value is smaller
15 than a value represented by the basic operational unit of M bits; each of A,

- through Ay, 1s +1, 0, or —1; Ay, is +1, or —1; and Q is a natural number

equal to or more than 2)

the operation apparatus includes:

(1) a data Zl storing region for storing data ZlI of lower M X Nmax bits of the
20 data Z; |

(2) a data Zh storing region for storing data Zh of higher (Bz—M X Nmax)

bits of the data Z;

(3) a data Ay storing region for storing the data A; and

(4) an addition/subtraction unit for calculating the remainder R by

25 - determining an operation between addition and subtraction based on



10 range of a natural nunmber j (a natural nunber of 1) (Bz/M - Nmax with
sraising its decimals) in a data Zh(j) region; and t he
"addition/subtraction unit determ nes the operation between addition and
‘subtraction using N having a predeterm ned relationship with i and j, and
operates addition/subtraction of the data Z1(i) and the data zZh(j). 15
Further, in the operation apparatus, the addition/subtraction unit

determ nes the operation using N having a relationship of N=i-j that the

operation is.sybtractiop when the dat.a AN i.s posj.tive, and that_ the

oper at i oﬁ’OFﬁlvan’a?% o ﬁﬁ&lhe gﬁéa ga't &nﬂl\?ﬂeé’aﬂé‘ﬁa%‘f‘i}gpnﬁubtl'aCtlon udateer, in

t he operagi 0 _apga at us, the#acl_glif Eli on/ iubt raction unit 20 continuously

oper at es SEY¥§FtoRY PaBRTlopt ¥y data A4S skring segon and,datp atared aniainshi p of
N =1i-j against a certain N ) Further, in the operation apparatus,
the addi t¢ast/apattrefdbestatamh stosing yagems| y operates addition/ subtraction
for pairs of N and j having a relationship of N =i-j against a certain i.
25An oper at i on Fvethen 1n ghe epardteom appatsuprtheahttaiZl\etotingmegioni stgrean 7
operation apparatus, for calculating a remainder R of data Z having Bz bits
di vi ded bhe diata Y1 mepdaizedi@ddiwided flgt tbhevibegie gpatstinial Ninit NfaM bits E A
NVIN N=O5 (Mis a nunber of bits of a basic operational unit; Nis a

nat ural seqbestidky fiprrelosfesd sidy witdiin MRageAsf 4 Saturdd hwenydios@ apsol ut e

value is smaller than a value represented by the basic operational unit of
Mbits; @&anhxpin AdathZd@phegddipx. 1 is +1, 0, or -1; ANnimis +1, or -1; and
Qis a natural nunber 10 equal to or nore than 2) the operation nethod
i ncl udes: the data Zh storing region stores the data Zh as data Zh(j) divided by

the basic operational unit of M bits sequentially from a lowest side within a

10  range of a natural number j (a natural number of 1 £j < (Bz/M) — Nmax with

raising its decimals) in a data Zh(j) region; and

the addition/subtraction unit determines the operation between
addition and subtraction using N having a predetermined relationship with i
and J, and operates addition/subtraction of the data ZI(i) and the data Zh(j).

15 Further, in the operation apparatus, the addition/subtraction unit
determines the operation using N having a relationship of N = i—j that the
operation is subtraction wheﬂ the data Ay is positive, and that the operation
1s addition when the data Ay is negative.

Further, in the operation apparatus, the addition/subtraction unit

20 continuously operates addition/subtraction for pairs of i and j having a
relationship of N = i—j against a certain N.

Further, in the operation apparatus, the addition/subtraction unit
continuously operates addition/subtraction for pairs of N and j having a

relationship of N = i—j against a certain i.

25 An operation method in relation to the present invention, using an



(1) a data ZI storing step of storing data Zl of lower M X Nmax bits of the
.dataZ (2) a data Zh storing step of storing data Zh of higher (Bz-M
"X Nmax) bits 15 of the data Z; (3) a data AN storing step of storing the
‘data AN, and (4) an addi ng/subtracting step of calculating the remai nder R
by determ ning an operation between addition and subtracti on based on
positivel/ negative of the data AN, and operating addition/subtraction of
data stored in at least a 20 part of the data Zl storing region and data

stored in_at_l.east a part .of the data Zh storing regio ) Further, in
the opera ?B%tlﬁ%taﬁgﬁf&i%ef%fé?ae%c'ﬂa%s‘}%?irﬁﬁlaé?@%" gtﬁr(g’sta%é‘aﬁgtgaBZIb%?s dat a
Z1(i) divj.d he basi c operatio unit of Mbits sequentially froma

1 owest sidd‘é%dt% ‘ﬁuatzi‘ f%@s teQ%Ya?E?aliﬂWWLgrﬁd?é%atlonfl i 25 Nmax); 8

the data zh stor})\rlag ep stores the data Zh as data Zh(j) divided by the
basi c operationaltY Un'ma0of M bits sequentially froma | owest side within a
range of a na u_.ral}_:u epywn (a natural nunmber of 1) (Bz/M - Nmax with

raising its deci ANd 5t he addi ng/ subtracting step determ nes the

operation bet weedVadli ti on and subtraction using N having a predeternined
relatPonship with i and j, and operates addition/subtraction of the data
Z1(i) and the data Zh(j). In a conputer readable recordi ng nedi um

in rel ati(dhis e nhmbpr efdnts ofiaeldsiowphaatiogalanconplics neadabhenpeagr am
stored therein for causing a 10 conputer to perform an operation process
usi ng an bepeg ahe of Cagpangh uSnfat Agak auvalue ngheser SmilwderalReGf sdatlderZ havi ng

Bz bits divided by data | represented by a follow ng equation: N=_Nmax
than a value represented by the basic operational unit of M bits; each of A,
through Ay, 1s +1, 0, or —1; Ay, is +1, or —1; and Q is a natural number

10  equal to or more than 2)
the operation method includes:
(1) a data ZI storing step of storing data Zl of lower.-M X Nmax bits of the data
Z;
(2) a data Zh storing step of storing data Zh of higher (Bz—M X Nmax) bits
15 of the data Z;
3) a d_ata Ay storing step of storing the data A,; and
(4) an adding/subtracting step of calculating the remainder R by determining
an operation between addition and subtraction based on positive/negative of
the déta Ay, and operating addition/subtraction of data sfored in at least a
20  part of the data ZI storing region and data stored in at least a part of the data
Zh storing region.
Further, in the operation method, the data ZI storing step stores the
data Zl as data ZI(i) divided by the basic operational unit of M bits
sequentially from a lowest side within'a range of a natural numberi (1 <i <

25  Nmax);



1= E.A NVIN 15N=0O (Mis a nunber of bits of a basic operational unit; Nis
- a natural nunber being one of 0 through Nmax, Ao is a val ue whose absol ute
"value is smaller than a val ue represented by the basic operational unit of
‘M bits; each of Al through Anin,. is ¥1, 0, or -1; ANm, is +1, or -1; and
Qis a natural nunber 20 equal to or nore than 2) the operation process

includes: (1) a data ZI storing process for storing data ZI of lower MX
Nmax bits of the data Z; (2) a data Zh storing process for storing

data Zh of higher Z Nmex), 25hits of the data Z, (3) .a data AN
storing procesk ?Sgé’s?m%{tmjn@ eHaf’Egtleﬁl\Y?’ea‘iﬂfa 2§)asa‘£at§d2k‘%§§’&@%d &t i ng
process fgr cal cul ati.ng the Ecgqﬁl nder R by determ ning an operation between
addi t i on tBhbasianestiona wal Pibogsquerdiaibytiony a lewesthaidgavishana and
operating addition/subtraction of data 5 stored in at |east a part of the
data zI 298¢ Aba NGy mHabemt @ ratyralinnmher afdaSi <4BpAv) —d¥mabevitht a Zh
storing region, . Further, in the conputer readable recording nmedi um
t he dat ar@ising geidegimalstensl stores the data Z1 as data Z1(i) divided by the
basic operational unit of Mbits sequentially froma |owest side within a
ranged of a 10 Hat vadding(swibéractingl stepmdrdermines the operation between
addition and subtraction using N having a predetermined relationship with i
and j, and operates addition/subtraction of the data Z1(i) and the data Zh().
In a computer readable recording medium in relation to the prese;ﬁ:
invention having a computer readable program stored therein for causing a
10 computer to perform an operation process using an operation apparatus for

calculating a remainder R.of data Z having Bz bits divided by data I

represented by a following equation:

N= Nopax

1= D A0™
15 N=0

(M is a number of bits of a basic operational unit; N is a natural number
being one of 0 through Nmax, A, is a value whose absolute value is smaller
than a value represented by the basic operational unit of M bits; each of A,
through Ay, 1s +1, 0, or —1; Ay, is +1, or —1; and Q is a natural number
20  equal to or more than 2)

the operation process includes:

(1) a data ZI storing process for storing data ZI of lower M X Nmax bits of the
data Z;

(2) a data Zh storing process for storing data Zh of higher (Bz—M X Nmax)

25  bits of the data Z;



the data Zh storing process stores the data Zh as data Zh(j) divided by the
~basic operational unit of Mbits sequentially froma |owest side within a '
‘range of a natural nunber j (a natural, nunber of 1 (Bz/M - Nmax with
raising its decimals); and 15the additing/subtracting process deternines

t he operation between addition and subtraction using N having a
"predeterm ned relationship with i and j, and operates addition/subtraction
of the data Z1(i) and the data Zh(j). An operation apparatus in

relation, 4o t;he knvention for cal cul ati reprai nder R of data Z having Bz
bits di vf%eaolhgga é{tsgorlmggb?céaggg T3 Vlgaagog?t& &gvﬁ equation: | = Ch 1
(Mis a nunber of,.bits. of basi c operatiopal unit; Qis a natural nunber
equal tolBr "j‘r?o|"’(é)1dt‘?|%{t u%raﬁﬁpg H-rﬂﬁesgn rCC?gcui%‘@Q@ﬂ?%ere@b%‘P foR &par at us
includes:, 25 (1) a data Z1 storing regiqn, for stori‘gg data Zl of lower n
bits of HREIHLNLNE . an jgperasion, hehwgenrnaddibiqm and giwiragiontkasedg osat a zh
of higher Bz - n bits of the data Z; (3) a quotient calculating unit for
cal cul at PAgityefpsatvrtofthendata Aentnd@derating additign/sybtiastioatef &tawi th t he
data C, and 5 (4) an addition/subtraction unit for calculating the
r emai hdeptoredynzidieagt ahmnt edhadtatar Zastogingasigion perdadansiorediit ati gher
than the data ZI to the data Z1, and addi ng/subtracting the quotient g
t o/ f r om dpashadeattoése data Zh storingregiar.ati on nmethod in relation to the
present invention, using an operation apparatus, for calculating a
remai nder R of FdatlerZimahengpmBgutsrt eeadable recording medium, the data Z1
storing process stores the data ZI as data ZI(3) divided by the basic
operational unit of M bits sequentially from a lowest side within a range of a
10 natural number i (1 £1 £ Nmax);
the data Zh storing process stores the data Zh as data Zh() divided
by the basic operational unit of M bits sequentially from a lowest side within
a range of a natural number j (a natural number of 1 £ j £ (Bz/M) — Nmax
with raising its decimals); and
15 the additing/subtracting process determines the operation between
additiqn and subtraction using N having a predetermined relationship with i
and j, and operates addition/subtraction of the data Z1(1) and the data Zh().
An operation apparatus in relation to the invention for calculating a
remainder R of data Z having Bz bits divided by data I represented by a
20 following equation:
I=CQ %1
(M is a number of bits of a basic operational unit; Q is a natural number
equal to or more than 2; n is n2M; and C is 1<C<Q")

the operation apparatus includes:

25 (1) a data ZI storing region for storing data Zl of lower n bits of the data Z:



10 divided by data | represented by a followi ng equation: I = Cn 1 (Mis
~a nupber of bits of a basic operational unit; Qis a natural nunber equal
“to or nore than 2; nis n?-M and C i§ | <C<Qm the operation nethod
‘includes: 15 (1) a data Z1 storing step of storing data Zl of lower n bits
of the data Z;, (2) a data Zh storing step of storing data Zh of higher
Bz-n bits of the data Z;, (3) a quotient calculating step of calculating a
guotient g and a remainder r by dividing the data Zzh with the data C, and

20 (4) an,adding/subtracting st f .cal gyl atj ng,t. rgnai nder addi ng
the r erra?“)ﬁ?d%rdagga@] 5&5%% éegﬁgrfggisgﬂrdpgdfﬁ%?% Qﬁé}lgﬁ%ﬁzt e by ‘§ % to the
data Z1, ,and_addi ng/subtracting the quotient gq to/froman added result. In
.a conmput dat3 &adabl e recor di ng mediumin relation to the invention having a
conput er readabl e gr ogr gar;tnéét ored therein for causing a 25 conputer to
per f or m &9 dEEPHENb RIS Ut fog calrudpEraE ewetiptad ands remaingderaul at i ng
a remai nder R of data Z having Bz bits divided by data | represented by a
f ol | owi n§yehutingthe data Bty with the datm G;sand nunber of bits of a basic
operational unit; Qis a natural number 5 equal to or nore than 2; nis
1-1- M afd) sniaddiigalgwptraction unit for calculating the remainder R by adding
| the remainder r as a basic operational unit higher than the data ZI to the
data Zl, and adding/subtracting the quotient q to/from an added result.
An operation method in relation to the present invention, using ;m
operation apparatus, for calculating a remainder R of data Z having Bz bits
10 divided by data I represented by a following equation:
I=CQ"%1
(M 1s a number of bits of a basic operational unit; Q is a natural number
equal to or more than 2; n is n2M; and C is 1<C<QM)
* the operation method includes:
15 (1) a data ZI storing step of storing data Zl of lower n bits of the data Z;
(2) a data Zh storing step of storing data Zh of higher Bz—n bits of the data
Z;
(3) a quotient calculating step of calculating a quotient q and a remainder r
by dividing the data Zh with the data C; and |
20 (4) an adding/subtracting step of calculating the remainder R by adding the
remainder r as a basic operational unit higher than the data ZI to the data Zl,
and adding/subtracting the quotient q to/from an added result.
In a computer readable recording medium in relation to the

invention having a computer readable program stored therein for causing a

25  computer to perform an operation process using an operation apparatus for



the operation process includes: (1) a data Zlstoring process for storing -
data Zl of lower n bits of the data Z, (2) a data Zh storing process for
"storing data Zh of higher BZ- n bits 9{ the data Z; 10 (3) a quotient
‘cal cul ating process for calculating a quotient g and a renainder r by
dividing the data Zzh with the data C, and (4) an addi ng/ subtracti ng process
for calculating the remainder R by adding the remainder r as a basic
operational unit higher than the data Zl to the data zl, and

ddi ng/ t t th [ f d.re 5 An operation
gpplant Ega C}r* é‘:‘é 5ﬁemtagn$ Eiﬁ Oéqgﬁf) 43@%?@%? Ek?lt%afﬁg eg P¥gdata dmai nder
R of data Z divi ge‘y f)tf ata i ncludes a data | judging unit for judging if

the dat a“f-pl@a%‘éti ‘f”é‘rgrﬁ%‘éﬁl%ta | . Further, in the operation

apparatus, the puﬁgeternlned data | of the data | judging unit is _

repr esent ed by a ng equation: 20 N = Nmax 1= E ANQIN N=O (Mis a
nunber of bits of a basic operational unit; Nis a natural nunber being one
of 0 t hr igls amBmbepof Hits el (hasiheperadinsl unity@) iseaimatsmal hemlzs t han a

val ue represented by the basic operational unit of Mbits; each of Al 12
5 equal to or more than 2; n is n2M; and C is 1<C<QM)

the operation process includes:

(1) a data Zl storing process for storing data Zl of lower n bits of the data Z:
(2) a data Zh storing process for storing data Zh of higher Bz—n bits of tile
data Z; |

10 (3) a quotient calculating process for calculating a quotient q and a
remainder r by dividing the data Zh with the data C; and
(4) an adding/subtracting process for calculating the remainder R by adding
the remainder r as a basic operational unit higher than the data ZI to the
data Zl, and adding/subtracting the quotient q to/from an added result.

15 An operation apparatus in relation to the present invention for
calculating a remainder R of data Z divided by data P includes a data I
judging unit for judging if the data P equals a predetermined data I.

Further, in the operation apparatus, the predetermined data I of the
data I judging unit is represented by a following equation:

20
N= Nuu

— Z ANQ‘WN
N=0

(M 1s a number of bits of a basic operational unit; N is a natural number
being one of 0 through Nmax, A, is a value whose absolute value is smaller

25 than a value represented by the basic operational unit of M bits; each of A,



t hrough ANmax.i is +1, 0, or -1; ANmax is +1, or -1; and Qis a natural
nunber equal to or nore than 2) Further, in the operation

appar atus,; the predeternined data | og the data | judging unit is _
represented by a follow ng equation: ‘(I)' =Ch 1 (Mis a nunber of bits of
a basic operational unit; Qis a natural nunber equal to or nore than 2; n
isrizvli and Cis |I<CQm An operation nmethod in relation to the
present invention for calculating a remainder R of data Z divided by data P

i ncl ud | 10.j i ; f.] i i.f the .data P equals a
o e MR R 1 419078 SHER 2 L HIRORRS T e

det 1 data | t data | judging unit is represente y a
Fol | owi ngaggnis PomorReRen

_foIIovvinﬁq E ANVINN=O15 (Mis a nunber of bits ﬁf a
"basic operational unit; is a natural nunber being one of O through Nmax,
Ao is apval ue &ﬁ’tﬁé}éerab‘%éﬁl‘ﬂf)@e\’ﬁﬂ%ap@a%ﬁ’l EWé{ﬁg%WWIedéi%tédr@s@ﬂ ed by
t he basic operational unit of Mbits; each of A through ANmax.i is +1, O,
or -1; Adataijudgingiunipis repregerted hysa folinwimegquatianer 20 equal to or nore
t han 2) Further, in the operation nethod, the predeterm ned data |
of the data | Hadgid Lnit is represented by a follow ng equation: | = CQn
1

(M is a number of bits of a basic operational unit; Q is a natural number
equal to or more than 2; n is n2M and C is 1<C<QY)
An operation method in relation to the present invention %or
calculating a remainder R of data Z divided by data P includes a data I
10  judging step of judging if the data P equals a predetermined data I.
Further, in the operation method, the predetermined data I of the
data I judging unit is represented by a following equation:
N=N,.;
I= > Ay
5 N=0
(M is a number of bits of a basic operational unit; N is a natural number
being one of 0 through Nmax, A, is a value whose absolute value is smaller
than a value represented by the basic operational unit of M bits; each of A,
through Ay, 1s +1, 0, or —1; Ay, is +1, or —1; and Q is a natural number
20  equal to or more than 2)
Further, in the operation method, the predetermined data I of the
data I judging unit is represented by a following equation:
I=CQ* 1
(M is a number of bits of a basic operational unit; Q is a natural number

25  equal to or more than 2; n is n2M; and C is 1<C<Q")



(Mis a nunber of bits of a basic operational unit; Qis a-.natural nunber
25 equal to or nore than 2; nis rilVl; and Cis 1<C(QW 13 In a
“conput er readabl e recording nmediumin gel ation to the present invention
‘having a conputer readable program stor ed therein for causing a conputer to
perform an operation process using an operation apparatus for calculating a
remai nder R of data Z divided by data P, the operation process.5 includes a
data | judgi ng process for judgi ng if the data P equals to a predetermned
data I. regdabl.e cor medi um, the
pr edet er m ned e Cqmﬁlfltetl ea&‘%51a %‘Eﬁn‘&e ’r‘HBéslsle 19%5‘? gls%r?tr%%elﬁy a
foll owi n at i of bits of a
_.basi c opg'r‘ aqﬁb% a&mgta CR|m[p§1 81 h%?‘%ﬁbg? pﬁﬁ@r‘@éﬂl eglg&l?ﬁ%“bforcfat%r%&h Nmax,
A, is a val ue whose rg,bsol ute value is smaller 15 than a val ue represent ed
by the b&&PEUEPetuPFGA hlrl%thPeEﬁth BIQCsss AstMe 81 oRErakep @paspks fars +1, o,
or -1; AN,,,a), is +1, or -1, an % a natural nunpber equal to or nore
than 2) calculdting apgmaigder |Rn0ff<|’#3tac epuided hyedafank ¢heapsrating predissm t he
predeterm ned data | of the data I judgr n process IS regresent ed by a 20
f ol | o nip@ydet irodata =) wtging1pyacess fer nu it the tdatef Paedisdi cto a
operational unit; is a natural nunber equal to or nore than 2; nis riM
and C |spte¢t9£€m;1me data I. :

Further, in the computer readable recording medium, the

predetermined data I of the data I judging process is represented by a

following equation:

10 N=N,..
Z ANOMY
N=0
(M i1s a number of bits of a basic operational unit; N is a natural number
being one of 0 through Nmax, A, is a value whose absolute value is smaller
15 than a value represented by the basic operational unit of M bits; each of A,
through Anmaxa 18 +1, 0, or —1; Ay,., 1s +1, or —1; and Q is a natural number
equal to or more than 2)
Further, in the computer readable recording medium, the
predetermined data I of the data I judging process is represented by a
20 following equation:
I=CQ"t1
(M 1s a number of bits of a basic operational unit; Q is a natural number

equal to or more than 2; n is n2M; and C is 1<C<QM)

25  Brief Description of the Drawings



14 . Fig. 1 explains a renainder cal culation according to the first

and second enbodi nents. Fig. 2 shows a general configuration of a
conputer in relation to the first, seggnd, third, fourth, and fifth
‘enbodi nent s. Fig. 3 shows a flow di agram showi ng a remai nder

cal cul ating nethod according to the first and third enbodi nents. _
Fig. 4 explains a renainder calculation according to the first enbodi ment.
Fig. 5 shows a flow di agram showi ng anot her remai nder cal cul ating 10 net hod

ot her Pemi ndeF caP b oty o Pk AR IRRY suopfinehpdlipnit dnd' "
Fig. 7 eryﬁ%kgﬁé\gmt%%%]?‘gétrfenm nder cal cul ation according to the third and

fourth e 8 explains the remai nder cal cul ati on accordi ng
tothe third e ins the remai pder cal cul ation

Fig. 9 expl
according to t égf E%PWS&SSH?WAWT’%@MHOI? of a compgfer 1 1giagiian ksthmot her
r emai nder | cul a n ing t he fifth 20 enbodi nent. Fig. 11
shows a ff}S ﬁfc‘é@‘a’a%”é‘gﬁﬁ tﬂ’l dtqg@hre@ﬁ%qq%%n tgal cul ati on according to the
fifth_enbodi nme . 12 is a general configuration show ng a
conmufli cati on %gt%ﬁPPWS r”ef'ﬂ:%‘t’ldéﬁgltaén shewingavemapodemesiculating method

according to the first and third embodiments.

Fig. 4 explains a remainder calculation according to the first

embodiment.
Fig. 5 shows a flow diagram showing another remainder calculating
10 method according to the second and fourth embodiments.
Fig. 6 explains another remainder calculatio.n according to the second
embodiment.
Fig. 7 explains another remainder calculation according to the third
and fourth embodiments.
15 Fig. 8 explains the remainder calculation according to the third
embodiment.
Fig. .9 explains the remainder calculation according to the fourth
embodiment.
Fig. 10 explains another remainder calculation according to the fifth
20 embodiment.
Fig. 11 shows a flow diagram explaining the remainder calculation
according to the fifth embodiment.
Fig. 12 is a general configuration showing a communication system

in relation to the sixth embodiment.

25 Fig. 13 is a flow diagram showing an operation of the communication



25Fig. 13-i's-a flow di agram showi ng an operation of the conmunication 15
system of the sixth enbodi nent. Fig. 14 is a flow diagram '
explai ning the judgenent of data P ac%)rdi ng to the sixth enbodi nent.

‘Fig. 15 explains a remainder cal cul att’hg nmet hod according to the 5first

related art. Fig. 16 explains a renai nder cal cul ati ng met hod
according to the second related art. Best Mdde for Carrying out the
| nvention 10 Enbodi nent 1. Fig. 1 explains a renmainder cal cul ation

using a 16-bit nput er agcgrding to one enbodi ment of the present

i nventi OF‘P.'StFﬂl ?ﬁi%f Séﬁﬁbafr’ﬁ)éﬁfl}leﬁgr emai nder R 109 of an integer Z 101

di vi ded by another _ integer. | 102 is calculated.. 15In Fig. 1, ref erence
.nureral 101 shgb% Lfhels A 0% ‘gagfalﬁ4ﬁx%]iafn?’§pltg% SnWthé&gd’ééi Fal
nunber, and each 4 digit nunbers correspond to 16 bits. The data is stored
in the nBfROFGINS/tocthesixeh pmbodiments er ence nuneral 102 shows the integer |,

whi ch can be represented by the foll ow an equation: 20N = Nmax | = E A NVIN
N=O Fig. 15 explains a remainder calculating method according to the

5 first related art.
Fig. 16 explains a remainder calculating method according to the

second related art.

Best Mode for Carrying out the Invention
10 Embodiment 1.
Fig. 1 explains a remainder calculation using a 16-bit computer
according to one embodiment of the present invention. In this embodiment,
a remainder R 109 of an integer Z 101 divided by another integer I 102 is
calculated.
15 In Fig. 1, a reference numeral 101 shows the integer Z of 240 bit
represented by hexadecimal number, and each 4 digit numbers correspond to
16 bits. The data is stored in the memory by each 16 bits. A reference
numeral 102 shows the integer I, which can be represented by the following
equation:
20 N=N_.
I= ANOMN
N=0
Ay(N#0)isOor =1. A,is an integer whose absolute value is smaller than
a basic operational unit M, and Ay, is *1)

25  Inthis embodiment, M =16,A,=-1,A;=1,A,=0,A,=1,A,=-1,A,,=1, and



(AN (NO) is Oor 1. Ao is an integer whose absolute value is smaller than
a ba,si c operational unit M and ANmas iS 1) 25 In this enbodinent, M= 16,
Ao = -1, Al =1, A2 =0, A3 =1, A =l Alo=1 and 16 Nmax = 10. | is
represented by deci mal nunber. A reference nunmeral 103 shows the

hi gher 80 bit data Zh of the integer Z 101, 104 shows the | ower 160 bit
data ZI of the integer Z 101. Zh and ZlI are divided by 16 bits fromthe

| owest bit and each 16 bit data is 5 stored as Zl (1) through zZI (10), Zzh
(1) throug i c operational unit of this

) 5) 1 ht ks.the basic
conput er. ma"_ é l[—'ls repéésesnatgﬁé’éfn%?cé’inai rati on showing a CPU 201 and a
menoty 202 of the uter. In.t sho in the figu t he
_.CPU 201 operate‘g Lteﬁeéfngﬁ‘f éllﬂpe’cq’}e?@?’cf’g‘ro &6‘0,}%%19&'[ 8Y hisdatposh ‘%eéli“fl ed by
the address 10 i) 1N Far. _exanpl e menory 202 stores data
of M AN ﬂl‘iﬁ%el‘"él\gﬂ)l 4§E8W§&%340W3ﬁd69ﬁét dpta stzf ‘élxwmeggr £hTpr gdr am
performng the processes_as shown in Fig. 3. The sanme process will be
per f or med@th 4 gecdiviirde pyi 16 bris QQﬁ‘séh@éﬁWe%fnbﬁdﬁuméﬁ!@Sh Ithbitndatr ys 202
corresponds to a storing neans, and the CPU 201 corresponds to an
addi t iSon/stotrd ast4lda) brcnﬁngl £HY, Zhq(lotthemgle Zhc(@) at Hege nb@bst, is the
Fig. 3 is a flow diagram showi ng an exanple of procedure of the invention
descr i bedvdsic pperatibnafiugit df Ghewempntaper ati on where concrete numerals are
applied to the flowdiagram In Fig. 3, Dz shows a nunber of groups when
the integer Z 10g. Rsisdi gédedallmnﬁgarmm chop&iig@ti ORIl 20Niahdf 4 amemetyt he
| owest bit, and Nse shows the number having the second | argest N anpbng

terms of 20%eof tieeganipiter021n Ithe tb@iputes eltshemboni anfigub® ths GBRUaNH Nse is
4. And i, j, W and n are variables. In the follow ng, the remainder

cal cul at idp@rateraddula@a\irlthe pRogxdrh atdied dtef Beativg shecifib@dy thedddrdss The
process expl ai ned bel ow operationally equals the foll ow ng 25 equati on:
10  W(@) in the memory. For example, the memory 202 stores data of M, Ay,
Nuaw Zh, Z1 and so on, and the CPU 201 executes the program performing the
processes as shown in Fig. 3. The same process will be performed in the
computer in the subsequent embodiments. The memory 202 corresponds to
a storing means, and the CPU 201 corresponds to an addition/subtraction
15 means and a quotient calculating means.
| Fig. 3 is a flow diagram showing an example of procedure of the
invention described in Fig. 1. Fig. 4 shows an operation where concrete
numerals are applied to the flow diagram. In Fig. 3, Dz shows a number of
groups when the integer Z 101 is divided by the basic operational unit from
20  the lowest bit, and Nse shows the number having the second largest N
among terms of the integer I 102. In the present embodiment, Dz is 15 and
Nseis 4. And 1, j, W, and n are variables. In the following, the remainder
calculating procedure will be explained referring to Figs. 3 and 4.
The process explained below operationally equals the following

25  equation:



17 ZI.- zh X (I - 2mNm') = Z1- Zh X (- 264+248+ 216 1) (equation 1) And, the
foll ow ng explains the procedure of operation using hexadeci mal nunbers,
however, the operation is actually prgfessed by bi nary nunbers in the
conputer. This will be the sane as in the subsequent enbodi nents. 5 First,
the integer ZI 104 is divided by 16 bits and each 16 bits is stored at a

| ocation specified by the address Wi) in the nenory (steps 3-1 through
3-4). Here, the operation is separated at the |ower 160th bit of the

integer Z beca $€ + oMNSax 48 );_ S been c).eared to zero
2}4'\;!3( & 0 EPFX 200 ‘?1 | \Bau B’Pal ned using

at thelnltlatlon hefol oW ng, eopr
rst equation is pﬁrfo d

Z1(i) 10 ] eopratlon of f

(steps S%dt Ztﬁ% @loﬁ'lﬂ)exﬁams ypErefLe 8 @?F%l%n gysinghexadecimger ef or e,
80 bit data (105 conS|sE|ng Zh( 1) through Zh(/5) |s added to 80 bit data
consi st i BYIHLE) heweyer § %Hp@i"’(t!})nbgt%(‘rtéa ¥ progessed By dugRr ) bersincase of
N =0, steps 3-6 through 3-9). By these processes, 160 bit data consisting
W1) t hr S0 ROMPYEST bedbraglida thesrme Aewh the srbepquent embodimmngs.above
process is performed by addition/subtraction for each 16 bit data (step
3-7).5At step it the lofseent4loh04 s adeidapl b Hédbitacindlpach 26 bisriswi ng and
carrying. This is the sane as in the subsequent enbodi nents. Next, the
process fBoredad zdswtsn specified bypdef addreds (B tippn 3he Ghematy :(sﬂepss’:’alt hat 80
bit data (106) consisting Zh(1l) through Zh(5) is subtracted from 80 bit

dat a conshstighg34)2) Hiehe,othghopifré)iofiia sepseatefl a¥ thellowst @93 dftheugh

integer Z because MN,,, is 160. The memory W(i) has been cleared to zero—at
the initiation. In the following, the operation will be explained using ZI@)
10 and Zh().
Next, the operation of first equation is performed (steps 3-5 through
3-11).
When N = 0 (step 3-5), A;=—1. Therefore, 80 bit data (105)
consisting Zh(1) through Zh(5) is added to 80 bit data consisting ZI(1)
15  through ZI(5) stored in W(1) through W(10) (in case of N = 0, steps 3-6
through 3-9). By these processes, 160 bit data consisting W(1) through
W(10) becomes data 401 shown in Fig. 4.
The above process is performed by addition/subtraction for each 16
bit data (step 3-7). At step 3-7, the operation is accomplished including
20  borrowing and carrying. This is the same as in the subsequent
embodiments.
Next, the process for the case of N = 1 is performed (step 3-10). A, =
1, so that 80 bit data (106) consisting Zh(1) through Zh(5) is subtracted from

80 bit data consisting W(2) through W(6) (in case of N = 1, steps 3-6 through

25 3-9). By these processes, 160 bit data consisting W(1) through W(10)



25 3-9). By these processes, 160 bit data consisting W1) through W10) 18
becones data 402. Subsequently, the process for the case of N = 2
is perforned (step 3- 10). Because A,1: 0, the processes of steps 3-6

t hrough 3-9 can be elininated. 5Then, ?he process for the case of N=3 is
performed (step 3-10). A3 = 1, so that 80 bit data (107) of addresses
Zh(1) through Zh(5) is subtracted from80 bit data of W4) through W8) (in
case of N = 3, steps 3-6 through 3- 9). By these processes, 160 bit data

consi sti 1) ,thr h W 10) becones data 403. 10Finally, the process for
t he casegg(fo\%leg:dﬂpe} gH%'erfor med (step 3-10). A4 =1, so that 80 bit data

(108) of zZh(1) .through Zh(5) is added to 80 bit_data of W5) .t hrough W?9)
(N = 4, steps §Pgs%%'?edlf§h(tg9®r90%§ ft%ﬁé?g% CB?%EE@‘%ESZ, I%B@'fﬁrfle@éﬁtépcgnsi sting
W 1) thriggh ¥%10) becones data 404, and the obtained value R 109 becones a
remai ndefVUbf E156215R e B> 1bhe drpressgspyl sheps mregrongh 3¢d.can be

Fol | ow ng .t he above procedure, it is possible to calculate the renai nder by
operati nghﬁﬁﬁﬁﬁqdon/subtracti on of 16 bit data stored in the nenory based on
the value of AN. As has been described, according to the present

enbod® nent, t h&heo, thenprasdes faftherpase of 8be3 i& mirfdrded @yert BAO)nt Ager | can
be cal cul ated using only addition and subtraction, which enabl es a higher
speed opér ao itbat SOnpidrdatani1iOR) tofi e dopessatsi Zn( rehhoekl @d(S)disngulstiruétsidon and
shift operation. In the above procedure, when the absol ute val ue of
Ao is nofient Barbif datdef B@) ahiaphm@i(8pénpeist of Mee N)stéePsa iNGubhRes-
processes of steps 3-6 25 through 3-9 in case of N = 1. The processing
order of 9pddBy ithedespuiceeszis] 60 bst data consisting W(1) through W(10) becomes

data 403.
10 Finally, the process for the case of N = 4 is performed (step 3-10). A,
=—1, so that 80 bit data (108) of Zh(1) through Zh(5) is added to 80 bit data
of W(5) through W(9) (N = 4, steps 3-6 through 3-9). By these processes, 160
bit data consisting W(1) through W(10) becomes data 404, and the obtained
value R 109 becomes a remainder of the integer Z 101 divided by the integer
15 1102
Following the above procedure, it is possible to calculate the
remainder by operating addition/subtraction of 16 bit data stored in the
memory based on the value of A.
As has been described, according to the present embodiment, the
20 remainder of the integer Z divided by the integer I can be calculated using
only addition and subtraction, which enables a higher speed operation
compared with the operation method including division and shift operation.
In the above procedure, when the absolute value of A, 1s more than 1,

the operation may be performed by repeating the processes of steps 3-6

25  through 3-9in case of N=1. The processing order of addition/subtraction is



19 not limted to the above, for exanple, the process with the data 103
can be perfornmed after processing the data 105 through 108. Further, "bit"
means the basic unit of information, ggd in the present enbodi ment the bit
is processed by binary notation, howeveéer, in the conputer processed by Q5
notation, "bit" shows Q statuses of 0 through (Q1). The renainder can be
also calculated in the sane way with this enbodi nent. Further, the
operating nethod according to the enbodi nent can be stored in the recording

et S A KBRS AL B 1580 Slced Pt nd DG 9TR G DL
57000 00 PLRENAS 05 BT TR b SRS et o

as ones agf W’Q.Ofg}nfamapﬁé‘i A t PEIfSnArambedimet Heg dit i t he
fol | ow ng, remaj nder cal cul ating procedure will be explained referring to
Figs. 5 dHACeSsefnhly (IRErhdetabisnai View it theepgioubamprocesséd bya® as one
obtained in the first enbodinment. 20First, data ZI 104 is divided by 16bits
and edch nitatiged Riht ahews Q statgses of Ol theavngl{QsbeciflicetkhyinaldaroasisbaN(i ) in
t he mem)r{ (steps 5-1 through 5-4). Here, the integer Z is separated at the
| oner 16GH#p HalcWetetisa ke ssame Wwep withwehis asnhdhinfantst FRudihdi, meind .

Next, the process regresent ed by the equation 1 is perforned (steps 255-5

t hr ough ®pesjting2method accoFdirg ,tot hke pembedinéwtr dame heaseorefl iin=thd s
performed (step 5-5). Sincei =1, Nis only O (step 5-9). A = -1,

t her ef or egc@tling madiadded at do\Melperfatnegd by thy.coByputbes eTRIsAs 858 &3umN 1)
beconmes aaaa (601). Next, the process for the case of i = 2 is perforned
(step 5- B3)in thermdbsequent embodiments.

has been .exp] ai.ned in the. first 15 epbodinment, signs in Fig. 5 are the sane
H6 o
a

10
Embodiment 2.

Fig. 5 is a flow diagram showing another procedure of the operating
method described in Fig. 1. Fig. 6 shows a concrete numeral operation
according to the flow diagram. Fig. 1 has been explained in the first

15 embodiment, signs in Fig. .5 are the same as ones shown in Fig. 3, and their
explanations are omitted here. In the following, a remainder calculating
procedure will be explained referring to Figs. 5 and 6. The remainder
obtained in this embodiment is the same as one obtained in the first
embodiment.

20 - First, data Z1 104 is divided by 16bits and each divided data is stored
at a location specified by address W(i) in the memory (steps 5-1 through 5-4).
Here, the integer Z is separated at the lower 160™ bit because MN,,,, is 160
as well as the first embodiment.

Next, the process represented by the equation 1 is performed (steps

25  5-5 through 5-13).



5i =2, Nis either of 0 and 1 (step 5-9). A, = -1 and Al= 1, therefore,
Zh(2) is added to and Zh(1l) is subtracted fromW?2) (step 5-7). By these.
processes, W2) becones 2222 (602). Subsequently, the process for
the case of i = 3 is performed (step %912). Sincei =3, Nis 0, 1, or 2
(step 5-9). AO = -1, AL =1, and A2 = 0, therefore, 10 Zh(3) is added to
and Zh(2) is subtracted fromW3) (step 5-7). By these processes, W3)
beconmes 3333 (603). Next, the process for the case of i =4 is
perfornmed (ste ince.i .t =-1

.5-12). S 4. N j ,. 1, , 3 5-9). A
L T o Ry e Otk B el obPr s BerRmed Gish St a) Sited izh( 1)

are subtracted fro 4 tep, 5-7). By 15 these processes 4) becones
.999a (60%)*% “AtS f’myrs%%tﬁ)ﬁ,g'é)-b(@%r%w)lo@gfﬁém’ th(l) 15 8@6@@&%8%19 stephe process
for the case of i =5 is performed (step 5-12). Sincei =5, Nis 0, 1, 2,
3, or 4 (&t &Ry sbege piggessesg W(A) becomesppaaa 60d3 = 1, A4 = -1, therefore,
Zh(5) is added to, Zh(4) is subtracted from further Zh(2) is subtracted
from Zzh(1) isNgatiddetmrocessdor thecasamell 2 it peroagedditdp 512).i sSizee
subtracted fromWS5) (step 5-7). By these processes, WS5) becones 4443
(605)3 NextZ, N heeiphecetd anol 1 (dtepdale df, ¥ —T addi 4, pdr, therwbate( £héd) i5- 12) .

Though i =6, Nis up to 4 (step 5-10), therefore, Nis 0, 1, 2, 3, or 4.
However , agthed $o amdt Dh@h (16 subtiverat from W (stepe5-ah). NBy thesaprbesesd,tted. 25
Since AL =1, A2 =0, A3 =1, A =-1, Zh(5) is subtracted from further

Zh(3) i sW@1lbschhealp2? (602)m and Zh(2) is added to W6) (step 5-7). By
these processes, W6) becomes 5556 (606). At this time, a borrow occurs.
Subsequent |y, ShBsqueeeBs thépea®es &r theeade bbi ﬁ%ﬁ%@)"e%%‘i‘r_n(e?t@%ﬁjlg? As

well as the case of i =6, Nis 2, 3, or 4. A2 =0,
thereforgincei=3,Nis0, 1, or 2 (step 5-9). A,=-1,A, =1, and A, = 0, therefore,
10 Zh(3) is added to and Zh(2) is subtracted from W(3) (step 5-7). By these
processes, W(3) becomes 3333 (603).
Next, the process for the case of 1 = 4 is performed (step 5-12). Since
1=4,Nis0, 1, 2,0or 3 (step 5-9). Aj=-1,A,=1,A,=0, and A, = 1, therefore,
Zh(4) 1s added to, Zh(3) and Zh(1) are subtracted from W(4) (step 5-7). By
15 these processes, W(4) becomes 999a (604). At this timé, a borrow occurs.
| Subsequently, the process for the case of i = 5 is performed (step 5-12).
Sincei=5,Nis0, 1,2, 3, or 4 (step 5-9). Aj=-1,A,=1,A,=0,A,=1,A,=
—1, therefore, Zh(5) is added to, Zh(4) is subtracted from, further Zh(2) is
subtracted from, Zh(1) is added to, and 1 borrowed in the case of i = 4 is
20  subtracted from W(5) (step 5-7). By these processes, W(5) becomes 4443
(605).
Next, the process for the case of i = 6 is performed (step 5-12).
Though 1 = 6, N is up to 4 (step 5-10), therefore, N is 0, 1, 2, 3, or 4.
However, Zh is up to Zh(5), therefore, the case of N = 0 can be omitted.

25 Since A =1,A,=0,A;=1,A,=-1, Zh(5) is subtracted from, further Zh(3) is



5 Zh(4) is subtracted from 2Zh(3) is added to (step 5-7), and 1 borrowed in

_the case of i =6 is subtracted fromW?7) (step 5-11). By these processes,
" W7) becones 5554 (607). Nexty; the process for the case of i =8 is
‘perfornmed (step 5-12). As well as the case of i =6, Nis 3 or 4. Since A3~

.= 1, M = -1, Zh(5) is subtracted 10 from and Zh(4) is added to WS8)
(step 5-7). By these processes, WS8) becones 6666 (608).
Subsequently, the process for the case of i = 9 is performed (step 5-12).

As wel | th e of i+ N : s -1, ref,ore, Zh(5) is added to
WOy (st pabiedtEom and Zpl?@%é%%,daﬁéé?%g@o(ﬁéeé’ 556 %@ & Rrdashgsn | me, a
carry 15gccuys. {Ral Ly, the process for the case of i =9 is
_perfor mag @ggﬁﬁn’%@sﬁ@%g@ﬁ: ﬁg this tIm%s AUYPETRHLECHS | = 6, the process of
step 4-7 can bg omtted 1]%carri ed in the case_of i = 9 is added to W10)
(step 5-12). Bgu‘P%ﬁ%leaﬂdcé Q Progess) Inperssnels! §09ds merfyrmerh (Hep fi-124at a
consisting WO0) through W9) obtained through the above procedure is the
r emai ndefiS §felt R thecaseel =@ W ted By he AnFdydy F 1, A, = -1, thegethes been
described, according to the enbodi ment, the renminder can be cal cul ated by
pr océssi AB(Aas subtupsted Sosr.ch(3h isadheddel(etss ). yandliprrowed in the
addi tion/subtraction without shift operation. The data can be processed by
25 the beasecofopertis suptwactedofromeWH[7) step Hed &) orBy thedw ptocepessgd Wehai nder
22 cal cul ati on has been perfornmed. Enbodinent 3. Fig. 7 explains a
r emai ndebecwateub@i4 GO7ISi ng a 16-bit conput er
Next, the process for the case of 1 = 8 is performed (step 5-12). :As
well as the case of i=6, Nis 3or4. Since A; =1, A, =-1, Zh(5) is subtracted
10 from, and Zh(4) 1s added to. W(8) (step 5-7). By these processes, W(8)
becc_)mes 6666 (608).
Subsequently, the process for the case of i = 9 is performed (step 5-12).
As well as the case of 1=6, Nis 4. A, =-1, therefore, Zh(5) is added to W(9)
(step 5-7). By this process, W(9) becomes 7776 (609). At this time, a carry
15  occurs.
Finally, the process for the case of i = 9 is performed (step 5-12, 5-13).
As well as the case of i = 6, the process of step 4-7 can be omitted. 1 carried
in the case of 1 = 9 is added to W(10) (step 5-12). By this procéss, W(10)
becomes 999a (610).
20 160 bit data consisting W(0) through W(9) obtained through the
above procedure is the remainder of the integer Z divided by the integer I.
As has been described, according to the embodiment, the remainder
can be calculated by processing 16 bit data stored in each address only using

addition/subtraction without shift operation. The data can be processed by

25 the basic operating unit of 16 bits, therefore, a high speed remainder



5 according to anot her enbodi nent of the present invention. In this

enbadi nent, a renmainder R 711 of an integer Z 701 divided by anot her
integer | 702 is cal cul at ed. %g Fig. 7, a reference nuneral 701
Shows the integer Z of 256 bits repreSented by hexadeci mal nunber, and each
4 digit nunbers correspond to 10 16 bits. The data is stored in the nenory
by each 16 bits. | 702 is the sane as the integer | described in the first
enbodi ment, and the explanation is onmtted here. A reference

.nuner al 7q% fQOMB hiﬁher 96, bit .data Zh of the integer Z 701, 704 shows
lower 1667 6PN BasPedh PP MSfeger Zz 701. zh and ZI are 15 divided by 16
bits fromthe lowest bit and each 16 bit data is stored as ZI (1) through
-Z1 (10), Zh (1) through Zh (5) in the nenory. Here, the basic operational
unit of this conmputer is 16 bits. Fig. 3 is a flow diagram show ng
an exanpl&kgdimgat gk ocedure of the invention described in Fig. 7. Fig. 8
shows an operation where concrete 20 nunerals are applied to the flow

di agram Fig. Bithab dxedninsxpl rimeaihdebosedculantbrnt eirex pl d6dtit oromsuier t t ed
here. In the present enbodinent, Dz is 16 and Nse is 4. In the follow ng,

t he reemaienedingaltoukavthey Emobetorentwiof | thee mepbai nedentibar ri hy tleisFi gs. 3
and 8. The process expl ai ned bel ow operationally equals the

f ol | owi ngmdbdenent, i DremaiBd@i-R ZN1Xof pn2M¥eges) Z 20N, dvided Bl adbtHer264+248+
216 1) ( 264+248+ 216_i) (equation 2) First, the integer Z1 704 is
di vi ded bytedér b703 iaculcslagaeéd at a | ocation' specified by the address Wi)
in the nenory (steps 3-1 through 3-4). Here, 5 the operation is separated

at the |over 1G60Wigbi!aabfdrBRcs MueesialZ701ecRMs€ th¥liNtéreri B o¥656 bits
Next, the operation of the second equation is performed (steps 3-5 through
3-11). represented by hexadecimal number, and each 4 digit numbers correspond to
10 16 bits. The data is stored in the memory by each 16 bits. I 702 is the
same as the integer I described in the first embodiment, and the explanation
1s omitted here.
A reference numeral 703 shows higher 96 bit data Zh of the integer Z
701, 704 shows lower 160 bit data Zl1 of the integer Z 701. Zh and Zl are
15 divided by 16 bits from the lowest bit and each 16 bit data is stored as Z1 (1)
through Z1 (10), Zh (1) through Zhv (5) in the memory. Here, the basic
operational unit of this computer is 16 bits.
Fig. 3 is a flow diagram showing an example of the procedure of the
invention described in Fig. 7. Fig. 8 shows an operation where concrete
20 numerals are applied to the flow diagram. Fig. 3 has been explained above,
and the explanation is omitted here. In the present embodiment, Dz is 16
and Nse is 4. In the following, the remainder calculating procedure will be
explained referring to Figs. 3 and 8.
The process explained below operationally equals the following

25  equation:



When.N = 0 (step 3-5), A = -1, so that 96 bit data (705) of Zh(1) 10 ,
t hrough Zh(6) is added to 96 bit data consisting Z1(1) through Z1(6) stored
in W1) through W10) (in case of N =0, steps 3-6 through 3-9). By these
‘processes, 160 bit data consisting va? t hrough W 10) becones data 801
shown in Fig. 8 Next, the process for the case of N=1 is perfornmed (step
3-10). Al =15 1, so that 96 bit data (706) of Zh(1) through Zh(6) is
subtracted from96 bit data of W2) through W7) (in case of N = 1, steps
.3-6 through 3-9),, By thesewhacesses,ukf bit data consisting W1) through
W 10) becones déga%§b§?? 2 9 éib?%que tly, the process for the case of N
=2 is perforned,{s - .40)... Begause = t processes of steps 3-6
-through 3-9 canm %ﬁ:_?g‘%ETﬁl ﬁgtséd.flg_%_(ﬁzzcﬁgﬁf%hﬁé 1§5rocé%%u4¥t(b9n £he case of
N =3 is perfored éstep 3-10%. A3 = 1, so that 96 bit data (707) of

addr esses zh( 111§ sherntegesyl 7044pdivided &y 16 bits gmdstorehat adpcatian

t hrough W8) (in case of N =3, steps 3-6 through 3- 9). By these

pr ocesse$petidpdhy thaddeenssiVeb iind bagmpmony detsps\§-10hrbeghPed). 251eimt; a 803.
24 Subsequent |y, the(frocess for the case of N = 4 is perfornmed

(st ep53- the)opesatieniis separhtad @6 thietlovmralOFOB)t of tHe(ih}egedrr Buplkardhé 6) i s
added to 96 bit data of WS5) through W10) (in case of N= 4, steps 3-6

t hr ough 34N),, 1sBl6Q.hese processes, 176 bit data consisting W1) through

W 11l) becones data 5 804. Since this nunber is |arger than the integer

702, the above Nuxicehs ampeastion efedicesbcont ngyuditordas pedRdnre tdhepd Bteger Z.
In the present enbodi nent, Zh of the data 804 is 1, therefore the _operation
can be pehteugied-1y. subtracting ( - 2'4+248+ 216 1) fromthe data 804. The
obtai ned value R 711 becones the remai nder of the integer Z 701 divided by

10t he integer IWHKBR.N =0 (step Bo3), owi-ng-thao abay®EOHACELr €05) lofizh@Pssi bl e
to calculate the remai nder on the nenory by perform ng addition/subtraction

L8R S, i e O s oon
W(1) through W(10) (in case of N = 0, steps 3-6 through 3-9). By these
processes, 160 bit data consisting W(1) through W(10) becomes data 801
shown in Fig. 8.

Next, the process for the case of N = 1 is performed (step 3-10). A, =
15 1, so that 96 bit data (706) of Zh(1) through Zh(6) is subtracted from 96 bit
data of W(2) through W(7) (in case of N = 1, steps 3-6 through 3-9). By these
processes, 160 bit data consisting W(1) through W(10) becomes data 802. -
Subsequently, the process for the case of N = 2 is performed (step 3-
10). Because A, = 0, the processes of steps 3-6 through 3-9 can be
20 eliminated.
Then, the process for the case of N = 3 is performed (step 3-10). A, =
1, so that 96 bit data (707) of addresses Zh(1) through Zh(6) is subtracted
from 96 bit data of W(4) through W(8) (in case of N = 3, steps 3-6 through 3-
9). By these processes, 160 bit data consisting W(1) through W(10) becomes

25 data 803.



15 remai nder can be cal cul ated by processing 16 bit data stored in each
address using addition and subtraction without shift operation. The data is
processed by the basic operational un%& of 16 bits, which enables a high
Speed remai nder calculation. In the above procedure, when the absolute
value of Ac, is nore than 1, 20 the operation may be perforned by repeating
the process for the case of N = 1. Wen one series of the procedure cannot
cal cul ate the remainder, the sanme procedure may be repeated. This is the

same as in the lgur bl ARDAdl Takec RRHLIRAL of  -25;08sLbed (L, FL L

Fig. 9 shows a conc uneral operation accordi ng SBi'gram
Fig. 5h begn_expl ai ned. LR it e i, rent ' v s .be
_exglainegérn‘ghé Fﬁr%&tgﬁ%ggﬁﬁgﬁ?éi§§@§Pﬁ23fﬂé£€?%ﬂbgbgﬂgséggeéﬁPgﬁéd here.
. In the sent i ment er, Dz i 6 and Nse is 4. 5 In the
fol | owi P\é% ‘igﬁﬂem@eﬁﬁl‘?&ﬁbﬁ?’ ﬁf@sn@ﬁ ﬁ?%‘b%@ﬂ%‘e 4\An9qu';%e6 éﬁ’ﬁﬂ%h‘n@ﬁ’)f eB¥rring to
Figs. 5 and 9. The remmj nder obtained.in_this enbodinent is the sane as one
ob? ai ned "17e REPCERTSS r@'ﬁb& i gty consisting W) througty (1) begamies diitai ded by
16 bits and each divided data is stored at a |ocation specified by the
addr e3s 8\??1-) gﬁlqeh@lﬁﬁh‘ﬂi‘lgﬁr(@tlé&eréh@ntthﬁdﬂwelégﬂﬁ) theebeve prosesgper at i on
is separated at the lower 160th bit of the integer Z because M\. a" is 160
as wel | &k t¥peaked qudnBodheedata 804 as thexintegpe Br odessheepresent ed by
the equation 2 is performed (steps 5-5 through 5-13). . The process
for the eadedonent,=7h jof {her fdataed04 sisep, Shsyefosi nbe bperationlThni Heonly 0
(step 5-9). A = -1, therefore, Zhgl) is added to W1) (step 5-7). By this
process, pyyfeymidcbyesubtaactin®00y-.2%°+2% + 2 NeRt frothether daesssdfr The case of
i =2 is perfornmed (step 5-12). i = 2, therefore Nis either of 0 and 1
(step 5-6htaid@d valde Rl 1Alecondes theerahgingler of the integer Z 701 divided by
10  the integer I 702. |
Following the above pfocedure, it is possible to calculate the
remainder on the memory by performing addition/subtraction of 16 bit data
stored in the memory based on the value of Ay.
As has been described, according to the present embodiment, the
15 remainder can be calculated by processing 16 bit data stored in each address
using addition and subtraction without shift operation. The data is
processed by the basic operational unit of 16 bits, which enables a high speed
remainder calculation.
In the above procedure, when the absolute value of A, 1s more than 1,
20 the operation may be performed by repeating the process for the case of N = 1.

When one series of the procedure cannot calculate the remainder, the same

procedure may be repeated. This is the same as in the fourth embodiment.

Embodiment 4.

25 Fig. 5 is a flow diagram showing another procedure of the invention



Zh(2) is added to, and zZh(1) is subtracted fromW2) (step 5-7). 'By these

20 processes, W?2) becones 2222 (902). Subsequently, the process
for 'the case of i = 3 is perforned (s% p 5-12). Sincei =3, Nis 0, 1, or
2 (step 5-9). A = -1 Al = 1, and A2 0, therefore, Zh(3) is added to,
and zZh(2) is subtracted frontV%S) (step 5-7). By these processes, W23)
becones 3333 (903). 25hbxt, the process for the case of i =4 is perforned
(step 5-12). Since 26 i =4, Nis 0, 1, 2, or 3 (step 5-9). A =-1, A =

1, A2 = th ( ef Zh(4) i.s added,t h(3 Zh( 1) are
subt r act et S?{r:igrenéa?zﬁ)‘%(gt e%‘ £§hOV§s ﬁ%&é‘e S PEHRE aes?peWZt(§ %8‘6‘3&%
(904). At S tinme, ab curs ub tl r cessf 1§ the
case of it r}t’uov?’si ratnorng %gta&gb%e%%p% egquC S%Co%é]em% gl@enﬁ
4 (step = -1 therefore
Zh(5) is agieéob‘te& e’%ﬁ?ﬂ)edaﬁﬂl%%rda?@b%ﬁf‘?’%taéﬂia ?lreﬁ]exz#rrta)thrss ated to,
and further 1 borrowed in case of i, =4 1is subtracted fromWJ5) (step 5-7).
By these 0@? weed sere. \ipsthe)presens exbodlippod) h ONEXET, Dz W evdsNs¢ a8 4t he case
i =61Js erforned (step 5-12). 10 Though i 6, Nis upto 4 (step
5 10) | 5 tH@régérﬂ) ligying, @ remaindgr o%lculatsrgwdeowdwre- willabe —explaped 0, A3
=1, and A -= -1, Zh(6) is added to, is subtracted from further
Zh(3) is refiyring te Figs. omandrdl ZEbQ)lenEala @edbitaonw é) thst embbdithenBys t hese
processes W 6) becones 5555 (906). Subsequently, the process for the case
of i = uhsaoend as wBd obsaimpd5n1hp thivd dihbodiment= 7, Nis up to 4 (step
5-10), therefore, Nis 0, 1, 2, 3, or 4. Further, since Zh is up to Zh(6),

t he process forFikstzdatzZh70¢ isodivticﬂ@tﬂbyAﬁdﬁtsdhﬂ@ bach tdheded aaessasodde
perfornmed for the case of Nis 1, 2, 3, or 4. Al=1, A =0, A3 =1, and A4

= -1, thertet bratiodhdlerifial bylphe adﬂe@hstlenZJh@%etrﬁnﬁ l@@ﬁeb@@?@hfd’ and
furt her Zh(3) is added to W7) (step 5-7). By these processes, 7)
becones G545 (19640, thAlopkhitsoh 1dBepA-abed hOPhO TEAEIS160™ bit of the 1nteger Z
because MN,,,. is 160 as well as the third embodiment.
Next, the process represented by the equation 2 is performed (steps
5-5 through 5-13).
The process for the case of i = 11is performed (step 5-5). Sincei=1,
15 | N is only O (step 5-9). A, = ~1, therefore, Zh(1) is added to W(1) (step 5-7).
By this process, W(1) becomes aaaa (901).
Next, the process for the case of i = 2 is performed (step 5-12). i=2,
therefore N is either of 0 and 1 (step 5-9). A, = -1 and A, = 1, therefore,
Zh(2) is added to, and Zh(1) is subtracted from W(2) (step 5-7). By these
20  processes, W(2) becomes 2222 (902).
Subsequently, the process for the case of i = 3 is performed (step 5-12).
Sincei=3, Nis 0, 1, or 2 (step 5-9). A,=-1,A, =1, and A, = 0, therefore,
Zh(3) is added to, and Zh(2) is subtracted from W(3) (step 5-7). By these
processes, W(3) becomes 3333 (903).

25 _ Next, the process for the case of 1 = 4 is performed (step 5-12). Since



Next,. the process for the case of i = 8 is perforned (step 5-12). As well

~as the case of i =7, Nis 2, 3 or 4. Since A2 =0, A3 =1, and A -= -1,
Zh(5) is subtracted from and Zh(4) i§ added to WB8) (step 5-7), and |
borrowed in case of i = 7 is subtracted (step 4-11). By these processes,
W8) 25 becones 6665 (908). Subsequently, the process for the case of i =9
is 27 perforned (step 5-12). As well as the case of i =6, Nis 3 or 4. A3

=1, and A = -1, therefore, Zh(6) is subtracted fromand Z(5) is added to
W) (step p-7 V., t hi rocess, .W9), heco 7777 (909), Finally, the
process fc_)r‘is’tlﬂég g’agez’é’f %s(sgefigﬁﬁs ferfor hed ges“?%basgﬂéﬁsﬁ !L’Sf)h.ergil(’%’ wel | as
the case of .= e jpracess i.s..perforped on for. Nis 4. A4 .= -1,
_theref or g?’(%%’(SG"}‘%"éit gho@&gfana(@}(l?@tr%ﬁ“g-%%cpe‘%ﬁ%ivg(‘ﬁr(é‘%%’ﬁﬁ)w By)

becomes 9998 (910). A thjs tinme, a carry occurs. 176 bit data 709
consi st i HeSA(ENOCeFResuYHAnpeamenPan 0 Dhr Al dhis imeapdosrew oceats e i s

| arger than the integer | 102. Accordingly, the above 10 procedure is
repeat ed usi ngSthseqantlysobe asocens fomthegase of i £ islperforesshistembdd) nent , Zh
= 1, therefore the operation can be perfornmed by subtracting

(- 2645-24842ce6l TP, Y Bt he. datoa 476%p FHD. obyal nbdA vallud, R §14; bdcamds t he
remai nder of the integer Z 701 divided by the integer I 702. As has been
descri bed, ;aedotbéredortep Z1{B) pr edded tenBhii)rend ZhiPeaid subtracndefroaan be

cal cul ated by processing 16 bit data stored in each address using addition

wi t hout Ehi(T)tisophkiedt fopandHwetltat b bbsrogwalcassewk i +heishaditea@p@rfadmonal
unit of 16 bits, which enables a high speed renai nder cal cul ation, 20

Enbodi meM{ (53 (step 5-7). By theskOpexedsas W () bedomsle 4T aomy) ation using a
16-bit conputer according to another enbodi nent of the present invention.

In this enbodi MeRE, the EROBéRARST FhdQA8e off AR Bniseg@ffozm%@loéstgﬁ vi.degl by
another integer | 1002 is calculated. 25In Fig. 10, a reference numneral
10011 howsotiBR 1i=Ng ENEE ub tof4 &2bp lglf(ﬁ, therefore, Nis 0, 1, 2, 3, or 4. Since A,
=-1,A=1,A,=0,A;=1, and A, = -1, Zh(6) is added to, Zh(5) is_subfracted
from, further Zh(3) is subtracted from, and Zh(2) is added to W(8) (step 5-7).
By these processes, W(6) becomes 5555 (906). |
| Subsequently, the process for the case of i =7 is performed (step 5-12).

15 Thoughi=7, Nis up to 4 (step 5-10), therefore, Nis 0, 1, 2, 3, or 4. Further,
since Zh is up to Zh(6), the process for N = 0 can be omitted. Accordingly,
the processes are performed for the case of Nis 1,2, 3,0or 4. A, =1, A, =0,

A; =1, and A, = -1, therefore, Zh(6) is subtracted from, Zh(4) is subtracted
from, and further Zh(3) is added to W(7) (step 5-7). By these processes,

20 W(7) becomes 5556 (907). At this time, a borrow occurs.

Next, the process for the case of i = 8 is performed (step 5-12). As
well as the case ofi =7, Nis2,30r4. SinceA,=0, A;=1,and A, =-1,
Zh(5) is subtracted from, and Zh(4) is added to W(8) (step 5-7), and 1
borrowed in case of i = 7 is subtracted (step 4-11). By these processes, W(8)

25 becomes 6665 (908). Subsequently, the process for the case of i = 9 is



28 represented by hexadeci mal nunber, and each nuneral, divided by the o
. Space, corresponds to 16 bits. The data is stored in the nenory by each 16
bits. The integer | 1002 can be represgnted by the follow ng: '
| =CCef (1<C<Qrs NnM 1 --f<Qm) 5 The integer | is represented by deci nmal
nunber and hexadeci mal nunber in this enbodi nent, and C= ff9c (hexadeci nmal
nunber) and Q = 2, n = 144 (deci mal nunber), f = 1 (hexadeci mal nunber),
and M = 16 (decinmal nunber). 1003 shows higher 80 bit data Zh of the

.i nteger ) ho wer ..144 bit,..dat.a,Zl of the integer,Z 1001.
10The datzgégﬁ a%%lz%ﬁéeogg?); sz‘?%)regl e }bee%%%ev%fl Y g’r &Fﬁe@oﬁ)‘}' 16%bi Esa’f‘ﬁiom t he
| owest bif, anc ch 16 bit.data,is stored as .of .da t hr ough

~data Z1(9 ;‘_aﬁld%gglc o5 %Iélg(?)alszsr‘il(bﬂact%ﬁ&&?dﬂ aﬂ‘éﬂteg&)gllﬁ gﬁige‘i—ig}g{l(gﬂ?ée%ési c
oper ati onal it,is 16 bi r this ter. The hi ghest 16
bit of I ;ﬁ]%é}}lsé’r’fﬂcetsﬁe{)‘?@ﬁr&a%?s 23R E0Fai cul at ed by 15 the fol | owi ng.
First, Zh 1003 |s ﬂ&i\e“ ded by f&)?i; the quotient q 1005 and the remai nder r
1006 are obt ai alletdie Pragess mdhagase pf 136 15 perioamedieter-28, 548)hi gher
bits to produce data 1007, The quotient q 1005 is subtracted fromthe data
1007. 9% n paveellhas the erseradda Adde mrotesis@arfaranedorly far dHis 20 £ig-111 is a
fl ow di agram showi ng a concrete procedure for calculating the remainder. In
t he fi guridergfors, s daded ob V&M éstepripm). di By shrpmotesshdV q@dbeennes 1005
by 16 bits fromthe |owest bit, inmax is the maxi numvalue of i of q(i). In
t hi s enbod?9e(R10).C At thdimedaicaery ccctirs. The fol | owi ng expl ai ns the concrete
operating procedure referring to the 25figure. 29 First, Zh 1003 is
divi ded by C = ¥itbittdata &0OuloassstingeWdlpthrenghdV{D) Dhaaichedtdroesiigler r
1006 (step 1101). Nanely, the highest 32 bit data dddd cccc of Zh 1003 is
di vi ded bybdvleO9prdcodasd duilateertthanqtiod igteigeanditode AesmdNSEY, the above

10 procedure is repeated using the data 709 as the integer Z. In the present
embodiment, Zh = 1, therefore the operation can be performed by subtracting
(—2%4+2°+2%—1) from the data 709. The obtained value R 711 becomes
the remainder of the integer Z 701 divided by the integer I 702.

As has been described, according to the present embodiment, the

15  remainder can be calculated by processing 16 bit data stored in each address
using addition without shift operation. The data is processed by the basic

operational unit of 16 bits, which enables a high speed remainder

calculation.

20 Embodiment 5.

Fig. 10 explains a remainder calculation using a 16-bit computer
according to another embodiment of the present invention. In this
embodiment, a remainder R 1008 of an integer Z 1001 divided by another
mteger I 1002 is calculated.

25 In Fig. 10, a reference numeral 1001 shows the integer Z of 224 bits



(division 1). Next, since the remainder of the division 1 is 991c, data
991¢ 5 bbbb is divided by ff9c to cal cul ate the quotient and the remai nder
(division. 2). Consequently, since thgg,reminder of the division 2 is a2lb,
‘data a2lb aaaa is divided by ff9c to Calculate the quotient and the

remai nder (division 3). Further, since the remainder of the division 3 is
1636, data 1636 9999 is divided by ff9c to calculate the quotient and the
remai nder (division 4). 10 Through the above four tines divisional

. ti t t 10Q5 th d h divided b
7SS AP o, A0 it
1004 the h th t 11-2 )

-(Subsezqugrscff”r%‘?%p?#’lg 3%&% ltélﬁf dgtgflsfﬁ(’%%v’ind (rfs“?’g’gb}’se%%)b]tq B¥ged 15

fromthe data 1007 omnng 0 n |ncludes borromnng and
carrying. ?ge%&légfc LERT&SiG ?ég gef?%ﬂWEE?l) 0000 (in case of
=1, step 11- 5& g;addltl on/ subtraction 1) ¥t, a(2) = a25b is subtracted
fromzi(2) = 11F¢ Q' dseCot & H%M s]f€=6<1@ ?5) (addl tion/subtraction 2).
Subsequently, q(3) 9958 is subtracted frole(B)hd 2222 (in case of i =
3, 2o5stél‘;helmtsgel(hwdretm@wrst@dtbya@wmlswmbﬂmané wadedimad mymlatied fr om
Z1(4) 3333 (in case of i = 4, step 11-5) (addition/subtraction 4). After
t he abovéhfsoathidimsnaddhdi@ﬁ/fﬁﬂmfhmdieohnmlpauatbwhsm(dsf%ee 21n63,14%e
remai nder is output (step 11-7). Through t he above four

di vi si onddemmhal ouwmbeldj f + dr(hesadeaimed nonsher) 2B +aBeidadeialRlAber)of t he
integer Z 1001 divided by the integer | 1002 can be calculated. . As
has been 1063cshdves] higliwoBdiig davatZie ofrthseintegdivENLO®N, arsd €094 MHows
multiplying f (3 in case of the first related art, ff9d in case of the

second r gébweed4ani) dateZnet theSititégeadZ 101 ch are required in the first and
the second 5 related arts, because the integer | 1002 can be represented by

| = fi6 9 ¢ .214hetddta Zl@@ﬁﬂqufén&é% ZeafrekPebiveldatididRll Bihee d¥Qtfr6A d 1005
never exceeds 16 bits, and the m ni nrum nunber of additi ons/subtractl ons are

merely rqRyilbRdst DACRdicaghYyi6 bleds@MRl sidesq %@'é‘alé'ha&t‘ %4 I('ﬂ?

obt ai ned, where the nunber of instructions is snal and t € tode ze is

conpact. d%@anl:&!b )heé[n alf Cofl Bﬁtzf'%ﬂ(ﬁf tﬁ§01£§}§tdral€§t2’,19@§ ' ﬁe?gmltﬂle Pall&

operation can b€ per ormed at hi g
operational unit is 16 bits for this computer.
The highest 16 bit of I is ffO¢, and the remainder can be calculated by
15  the following.
| First, Zh 1003 is divided by ff9¢, the quotient q 1005 and the
remainder r 1006 are obtained. Next, the remainder r 1006 is added to 71
as the higher bits to produce data 1007. The quotient q 1005 is subtracted
from the data 1007. In this way, the remainder R 1008 can be calculated.
20 Fig. 11 1s a flow diagram showing a concrete procedure for
calculating the remainder. In the figure, q(i) shows data obtained from
division of the quotient q IOQ5 by 16 bits from the lowest bit, imax is the
maximum value of i of q(i). In this embodiment, C = ff9%¢ and imax = 4.
The following explains the concrete operating procedure referring to the

25 figure.



In the present enbodi nent, the case where f = 1 is explained. Wen 1,
the.quotient g 1005 nultiplied by f and the data 1007 shoul d be

added/ subtracted.In this case, if thezéesult obtained fromthe 15

mul tiplication of r(i) of each 16 bit data of the quotient and f is smaller
than 16 bits, the nunber of additions/subtractions can be mnimzed as well
as in the case of f = 1. Enbodinent 6. 20Fig. 12 shows a general :
configuration of comruni cation system accordi ng to one enbodi ment of the

.present inventi figure.a ref ce nu al, 1201 .sho n
encrypting/ decr@]%tvC i %g 1?@%’&? a(gglsdee fbyabgo%#ccﬂ%‘ﬂg% hlezﬁﬂog%ti/\gms]&%éecr et
key hol di_n par at.us of co i.catgr A, 03 .shows :
_encrypti ﬁ&%&@gfﬁﬂlaﬁlﬂ e%’b;]nggt(ﬁgw%ﬁ?Sﬁég}ﬁ]rﬁ#%Eilgge%,32?&’641%?‘1@%_% Eecret
key hol din a s of .the co ni.catqr B, 1205 shows a public key
hol di ng &ifgé’?f%hi‘%%}m&fz‘%%f QYE&% ta?%%ﬁten@i%w}emfﬁ% fhe sgmpiera
secrecy of. the co ni cation data can be held by encrypting/decrypting data
using a a}ﬁ}ﬁl%n ey bt B8ga thenremadndercel theadivasionrlpr 891e elata ®edcpubl i c
key cryptosystem5 uses different two keys for encrypting and decrypting
data,r e?bb%tlﬁ dévided PreffPe tmenlcutade thacrippieatians thearmmaindenddvasianusi ng
the public key, which is opened by the receiver, and the receiver decrypts
t he recekedComgeqguentlygsimcs dheatenkaindentof ¢he idvisapt 2siecxrddb, byt b@1becei ver .
It is, of course, actually inpossible to obtain the secret key fromthe
publ i c kegaa i9BiGdedbycifyptoszlstulate ithe tquetiendland Keyremyitides (distigsnwhi ch
has ’ .
3). Further, since the remainder of the division 3 is 1636, data 1636 9999 is
divided by ff9¢ to calculate the quotient and the remainder (division 4).
10 Through the above four times divisional operations, the quotient q 1005 and
the remainder r 1006 of Zh divided by ff9¢c can be obtained.
Next, the obtained remainder is added to Z1 (1004) as the higher bits
to obtain the data 1007 (step 11-2).
Subsequently, the quotient q 1005 of Zh divided by ff9c is subtracted
15 from the data 1007. The following operation includes borrowing and
carrying. First, q(1) = 163f is subtracted from ZI(1) = 0000 (in case of i = 1,
step 11-5) (addition/subtraction 1). Next, q(2) = a25b is subtracted from
Z1(2) = 1111 (in case of i = 2, step 11-5) (addition/subtraction 2).
Subsequently, q(3) = 9958 is subtracted from Z1(3) = 2222 (in case of i = 3,
20  step 11-5) (addition/subtraction 3). q(4) = de34 is subtracted from Z1(4) =
3333 (in case of i = 4, step 11-5) (addition/subtraction 4). After the above
four times addition/subtraction operations (step 11-6), the remainder is
output (step 11-7).

Through the above four divisions and four additions/subtractions, the

25 remainder R 1008 of the integer Z 1001 divided by the integer I 1002 can be



been devel oped based on the difficulty in solving the discrete Togarithm ™
problem The discrete |logarithmproblemis to obtain x in the follow ng
equat.ion when p, g, a are given: agx nod p(equation 3) 15where p is a prine
nunber; "g is a primtive element over @ois Field GF(p); a i s—a-natural
nunber, of which a remainder of division by pis not 0. When p is large, it
IS difficult to obtain the solution in an actual tine even operated by the
conputer. 20Fig. 13 shows a flow di agram of encrypting/decrypting data
according to the enbodi rent. The operation of encrypting/decrypting
transm tt cagullated. W 11 be explained with reference to Fig. 13- kn
this enbodi nent, the case where the transmtter encrypts plaintext data M

and transnits the RCHYEL %gscqﬁif)@d'ébc%?&rn%tto"\mé pP%e%%é 1ﬁ¥@1l1ﬁbﬂegteps%ghl ]

The receiver holds a secret key X (step opens p, g,

Panber K PoyiihReP(n R Ea%%%@?rkiﬁélagﬁ@%rr@t foaam By PLERY SEEE™ 1o
Eife'yﬁekogata%‘%é. 4>gi?sxﬂ%‘*" R S 0R JESHASEAT B! %n@gﬁs%%%%i EE?Rﬂg |
14 t
can’ be® dott REb AT éﬁgﬁe o5¢ iRkl 1 S%aen %3%%%%:&/5%1{%2 '8%{ 2Znaﬁe
d to t
ecei ver Hoh “@aase%{% I LaRh i B AL 41 7 Suepirricn 1005 BT SUFLdDper t o
t he

16 bits, and the minimum number of additions/subtractions are merely

required. Accordingly, the remainder calculéting method can be obtaine—zd,

where the number of instructions is small and the code size is compact.

10  Further, since the number of instructiéns is small, the operation can be
performed at a high speed.

| In fhe present embodimént_, the case where f =1 is explained. When

f # 1, the quotient q 1005 multiplied by f and the data 1007 should be

added/subtracted. In this case, if thg result obtained from the

15 multiplication of r(i) of each 16 bit data of the quotient and f is smaller than

£ 16 bits, the number of additions/subtractions can be minimized as well as in

the case of f= 1.

Embodiment 6.

20 | Fig. 12 showé a general éonﬁgurétion of communication system
according to one embodimént of the present invention. In the figure, a
reference numeral 1201 shows an encrypting/decrypting apparatus of a
communicator A, 1202 shows a secret key holding apparatus of the
communicator A, 1203 shows an encrypting/decrypting apparatus of a

25 communicator B, 1204 shows a secret key holding apparatus of the



remai nder cal cul ation of the prinme nunber p, nanely, nod p for

encrypting/ decrypting data..Accordingly, it is necessary for this
encrypti ng/ decrypting process to performa high speed operation of the
remai nder cal cul ation of the prinme nunBer p. This is also inportant for 15
i nprovenent of the cipher strength. Therefore, the prinme nunber p which can
be represented by the foll ow ng equati on should be sel ected according to
the operational unit QM of the conputer: N= Arinax 1= E ANVIN N=0 20
(AN(N*O) is O or 1. Ao is an integer whose absolute value is smaller than

t he basi c :gpghahicAMG BJansVlshawé é\'\{s&%qld kel halAh Q dphadafldd Wl 13gEder

which is equal to or nore than By uSing this, "as descrlbed in the

can_be acondus Shaye mﬁ?ﬁﬁdfgﬁgb e%}h?%y%egﬁt oo PaS o S8 DR 0
rcconpant S By e bhi BEL ol agrkp BnehipeRy iRk Shta " Sligh DR By “%%eiévn the
Pecord! lﬁﬂ%ﬁ)@ﬁﬁ%&éﬁ%ﬁ@ﬁ@ﬁ emaeldvﬁwys?%f e mpesigte 8, %
R B s AL T R L tht]‘IFFh‘feilé&n

net hod can_ _be obtained, in which the nunber of instructions 10 is snmall and
t he code gibget |a§1sg)d];ﬁ§a@tncrypts the transmitting data using the public key, which

1s opened by the receiver, and the receiver decrypts the received data using a
secret key, which is kept secret by the receiver. It is, of course, actuaily
1mpossible to obtain the secret key from the public key.

10 ElGamal cryptosystem is the public key cryptosystem which has
been developed based on the difficulty in solving the discrete logarithm
problem. The discrete logarithm problem is to obtain x in the following
equation Whén p,. g, a are given:

a = g* mod p (equation 3)
15 where p 1s a prime number; g is a primitive element over Glois Field
£ _ | GF(p); a is a natural number, of which a remainder of division by p is
not 0.
When p is large, it is difficult to obtain the solution in an actual time even
_ opefated by the co.mp_uter.'

20 ' Fig. 13 shows a flow diagram of encrypting/decrypting data according
to fhe embodiment. The oberation of encrypting/decrypting transmitting
data will be explained with reference to Fig. 13.

In this embodiment, the case where the transmitter encrypts
plaintext data M and transmits the encrypted data in secret will be

25 explained.



Further, when the remainder of division by the data P is to be cal cul ated,
it is checked whether the data P is eqaul to the data | represented by one
of the above two equations as shown in Fig. 14. |If the check result is
"Yes", the high speed remainder calcul&ion can be operated based on the 15
data | according to the present invention. If the result is "No", another
general -used remai nder calculation is applied. This check is performed by
previously nmenorizing the data | of the above two equations and conpari ng
themwith the data P. In this way, the high speed encryption/decryption is

al ternatively paeofetBidepeolen sbhiet aRpa Atels28-Daghd opent he gSpami hisc data
|, 20 and in case of the communication between ot her appar at uses,

gener al - U%%li%“&é%okétgﬁ'/ﬂ?—%.ypi‘h@Qréﬁsxﬁf’c"t&o%??Qrg;éé;%lhzé%ﬁfalﬁg?ésﬂa%&ﬁi lity

It is posSible to cal culate the remainder o ditio tractions
using the ' - i o tiQn a{ at us,
the oper ot ook ee, FOTRE Shd BRREHREL Ry OWhel"S el g AREHS) (P RRPAL
recordi ng dj ac din 0 the present invention., The ;cal cul atiion does
not invoIGgﬁgagg%mb%Q%%PFgﬁéfn%?eﬂg?%%gh%ﬁe%ﬁﬁ%'%ﬁ?%%??@ﬁgysﬁﬁﬁfhkﬁVloms
t he operation t oceed at .a high speed.,,l diti,on, th ode 5size is
corrpac? X (8lep (13%{% t ﬁz??e g% %C@ hemgﬁé)sel\@q(%ge’ﬁf’fi& 19 ﬁ@ﬁ:ﬂg%@aauilpgp f or
j udgi ng whet her, the data for _djivisor . is applicable to the high-speed
operat i on tiS THEUPRFRL P 05- ot L5t Hie RPGIR. BIEEEPespahatpeyehdabe M
alternatively pﬁrforn%g. hbneyﬁ an operation suitable to the

char act er i°apj ke da¢ryaied (5t6p i-soln this geee the spareer @fithetdatasgpmmbat us
per form n% t he operation of the invention _ as wel| as the-general-used
oper at i onheldheaygenthe decrypting pragesspracatitesnx, apbishatsusngwn axdy dalthei ng a
remai nder R of data Z having Bz bits divided by data | represented by a
fol | ow ngreefiEey on:

10 In the present embodiment, it is required to repeatedly operate the
remainder calculation of the prime number p, namely, mod p for
encrypting/decrypting data. Accordingly, it 1is  necessary for this
encrypting/decrypting process to perform a high speed opération of the
remainder calculation of the prime number p. This is also important for

15 1improvement of the cipher strength. Therefore, the prime number p which
ety can be represented by the following equation should be selected according to
the operational unit Q" of the computer:
N= Noax
REOPVAR
20
(Ay(N#0) is O or £1. A, is an integer whose absolute value is smaller

than the basic operational unit M, and A is =1, and Q 1is a natural

Nmax
number which is equal to or more than 2)
By using this, as described in the first through fourth embodiments, the high

25 speed remainder calculation can be accomplished, which enables to



5N = Nmax 1= E A NVIN N=O (Mis a nunber of bits of a basic operational
unit; Nis a natural nunber being one of 0 through Nmax, A is a value
whose. absolute value is smaller 10 than a val ue represented by the basic
operational unit of Mbits; each of Alsghrough ANmax.i is +1, 0, or -1;
ANma, is +1, or -1; and Qis a natural nunber equal to or nore than 2) the
oper ati on apparatus conpri sing: (1) a data Z1 storing region for
storing data Z1 of lower M X Nmax bits of the 15 data Z; (2) a data Zh
storing region for storing data Zh of higher (Bz-M X Nmax) bits of the data

Z; (t(BAnsfosiat AatN 8¢ Of | RGN 2gbOM TrRFE3EOFd Nehi6e dated AMicdRd of
by 20

(4) an addition/subtraction unit for calculating the renmal nder

posi (1 vo! nRe BEaf 1. R AORRe AR PEAE AROmSMAE My Hhe B A o

dat a stor%ge;[ & | east a part of the data ZI storing region and data _
stored in at zFteas't a part of the data Zh-storing region. 2. The operation

T 22050 FhrSndsfef T dhie FRANSTRbE"E WAL &' réprelemBa’£Y' B8 O 0TS
5 following equation is selected according to the operational unit Q™:
[ =CQ"+ 1 (1<C<QY, nzM, Q is a natural number which is
equal to or more than 2)
By using this, as explained in the fifth embodiment, the high speed da—ta
transformation method can b_e obtained, in which the nuﬁlbel' of instructions
10  is small and the code size is compact.
Further, when the remainder of division by the data P is to be
calculated, it is checked whether the data P is eqaul to the data I represented
by one of the above two eqﬁations as shown in Fig. 14. If the check result is
“Yes”, the high speed remainder calculation can be operated based on the
15 data I according to the present invention. If the result is “No”, another
£ general-used remainder calculation is applied. This check is performed by
| previously memorizing the data I of the above two equations and comparing
them with the data P. In this way, the high speed encryption/decryption is
alterha_tively perfo'r.n'ied_-_b.etv_s}.een.'_the a.ppa'ratt.lse.s based on fhe :_’spéciﬁc data i,
20 and in case of the communication between other apparatuses, general-used

encryption/decryption is performed.

Industrial Applicability
It 1s possible to calculate the remainder only by

25  additions/subtractions using the operational process implemented by the



36 divided by the basic operational unit of Mbits sequentially froma

| owest side within a range of a natural nunber i (1 i Nmax) in a data Z1(i)
regi on; wherein the data Zh storing region stores the data zZh as data Zzh(j)
5 divided by the basic operational unid of Mbits sequentially froma

| owest side within a range of a natural -nunber j (a natural nunber of 1 j
(Bz/M - Nmax with raising its decimals) in a data Zh(j) region; and
wherein the addition/subtraction unit determ nes the operation between
addi ti on and subtraction using N having a predeterm ned 10 rel ati onship

with i angpérativnd spperahes aidichbrmatbhsard 6f e (RmARER é«_léli({g) tgéld the

data Zh(j). 3. The operation apparatus according to clarm 2,
wherein t { L4 i jty; et ] iQn. using N
navi ng o PRI bRGRPA T IhEREth Rici iR RS i 1R JRELEM ARelBcn ¢ ne

IS negative. operation paratus a

wherein the.add;tion{subtraction unit.conti.nuously operates

addi ti on/ gﬁ%@% g@?‘f"%ﬁﬁ?8Pebag°r‘?%9°o?rqce%‘%agﬁ mgﬁisﬁﬁe% r aaithéiﬁhitbeﬁf’d?\l = -]
against a_.certain N.t 5. The operation apparatus according to
claim3, WAEFEFHPPA&20 addition/subtraction unit continuousl y operates
addi tion/ subtr ti%n for pairs of N and j ,havi_nq arelationship of N =1i-]
agai nst a certaf Hrfiher, since the pragerypmpvention medlndes aisitery fan iodaingi on
apparatus, .faor cal cyl ating a remainder R of data Z having Bz bits divided
by data |Wh§g1?9€s ‘iﬂtab rfliyisor snprplieaplate she high-spged opgrataon oftle A A v

invention or not, the high-speed operation can be alternatively performed.

data oo | PadRaRRrAhibN foodfith AL MR WELALL0 453N QU ADRMAOS data AN

Namely, an operation suitable to the characteristics of data for divisor can be
10  selected in the apparatus performing the operation of the invention as well

as the general-used operation.



N=O (Mis a nunber of bits of a basic operational unit; Nis a natural
nunber being one of O through Nmax, AO is a val ue whose absolute value is
smal l'er 5.than a value represented by the basic operational unit of Mbits;
each of Al through AN,..1 is +1, O, or3s1; ANmax is +1, or -1; and Qis a
nat ural nunber equal to or nore than 2) the operation nmethod conpri sing:
(1) a data ZlI storing step of storing data Z1 of |lower M X Nmax bits of the
data 10Z; (2) a data Zh storing step of storing data Zh of higher (Bz-M X
Nmax) bits of the data Z; (3) a data AN storing step of storing the
data AN, and (4) an addi ng/ subtraghieg step of calculating the

remai nder R by determ ning 15 an operation between addition and subtraction
based on positive/negative of the data AN, and operating
addition/subtraction of data stored in at |least a part of the data Zl

storing region ang data_stored in, at .l east art of the,data t@ring
region. 7. The gp Pa‘%ﬁ%ﬁaﬂﬁtwrg&%%&ﬁﬁ CPgatgrf%?n{eéflaWe e?tﬁg?%e%jata Zl
storing siep stores the data ZI data Z1(i) di.vided by the basic _
oper at i oné?e ilgzgftslgl%lidé e‘gﬂt TERP P Fér@ya? k"élﬁé’%‘f‘g WYY hi n a range
of a natural nu ~i,,(1 1 Nmax); wherein the data Zh storing step stores
the data zZh as d a‘i\[n(a,k) di vided by the basic operational unit of Mbits

sequential ly from E o{yﬁ%wv
N=0

(M is a number of bits of a basic operational unit; N is a natural number
being one of 0 through Nmax, A, is a value whose absolute value is smaller
10  than a value represented by the basic operational unit of M bits; each of A,
through Ay, 1s +1, 0, or —1; Ay,.. 1s +1, or =1; and Q is a natural number
equal to or more thaq 2)
the operation apparatus comprising:
(1) a data ZI storing region for storing data ZI of lower M X Nmax bits of the
15 data Z;
JER (2) a data Zh storing region for storing data Zh of higher (Bz—M X Nmax)
| bits of the data Z;
(3) a data Ay storing region for storing the data Ag; and
B _.(4) an "addition/subtraction. qr_lit for cal_cdiatihg the remainder . R by
20 determiniﬁg aﬁ operation between addition and subtraction Based on
positive/negative of the .data'AN, and operating addition/subtraction of data
stored in at least a part of the data Zl storing region and data stored in at
least a part of the data Zh storing region.
2. The operation apparatus according to claim 1,

25 wherein the data Zl storing region stores the data Z1 as data ZI1()



25 side wthin a range of a natural nunber j (a natural nunber of 1 |
(Bz/M 38 - Nmax with raising its decinmals); and wherei n the

addi ng/ subtracting step determ nes the operation between addition and
subtraction using N having a predeterm3aed relationship with i and j, and
operates addition/subtraction of the data Z1(i) 5 and the data Zh(j).

8. A conputer readabl e recordi ng nedi um having a conputer readabl e program
stored therein for causing a conputer to perform an operation process using
an operation apparatus for calculating a remai nder R of data Z having Bz
bits divi didideyl bhatthe Ibdsepbpseiticrhlbynid Jfol Bitk @ qLeneAURt el aNowdst 1= E
Aivoti N N=O (Mis a nunber of bits of a basic operational unit; Nis a
natural nuseryilBinDgl RN Af ndturAl HEALNMR(L A9 £ NRANRIIHS m(eé%giﬁ.so' ute
value is smaller than a val ue represented by the basic operational it of
Mbits; egghif A through ANmex., is +1, 0, or -1; ANma, is +1, or -1; and
Qis a natufal 'nunber equal to or nore than 2) wherein the operation

Pover M x xS0 o, Rl 2P oorief 20 RESSPT e, Fhte ARt 20
stori ng da}fi@id%ﬁ l%]; tﬂé gi)r%aesric gggfa%o)ﬁawr@ﬁ(i}: ol%l MS bﬁfs steggeggitaﬁyzfrom a lowest

side within a range of a natural number j (a natural number of 1 <3 < (Bz/M)

f

o

~ Nmax with raising its decimals) in a data Zh(j) region; and

wherein the addition/subtraction unit determines the ope_rati—on

between addition and subtraction using N having a predetermined
10 relationship with i and j, and operates addition/subtraction of the data yALGY!
and the data Zh().

3. The operation apparatus according to claim 2, wherein the
addition/subtraction unit determines the operation using N having a
relationship of N = i—j that the operation is subtraction when the data Ay is

15  positive, and that the operation is addition when the data A, is negative.
= | 4. The operation apparatus according to claim 3, wherein the
- addition/subtraction unit continuously operates addition/subtraction for
pairs of i and j having a relationship of N = i—j against a certain N.
5. The 'o_peration apparatus "_accord__i_ng' to claim 3, wherein thé-
20 éddition/subtracti_on uniﬁ continuouély operates additionjsubtraétion for
pairs of N and j having a relétionship of N = 1—j against a certain 1.

6. An operation method, using an operation apparatus, for
calculating a remainder R of data Z having Bz bits divided by data I
represented by a following equation:

25



(3) a data AN storing process for storing the data AN, and 25 (4) an

addi ng/ subtracting process for calculating the remainder R by 39
determ ni ng an operation between addition and subtracti on based on
positive/ negative of the data AN, and gperating addition/subtraction of
data stored in at least a part of the data ZlI storing region and data
stored in at least a part of the data Zh storing region. 59. The conputer
readabl e recordi ng medi um according to claim 8, wherein the data Zl
storing process stprespthe data Z1 as data Z1(i) divided by the basic
operational unit of Qbl"'s sequentially froma |owest side within a range
of a natural nuhber (2LLQﬁmhx); wherein the data Zh storing process
stores the data zh ata Zh(j) 10 divided by the basic operational unit

of Mbits sequentially froma |owest side within a range of a natural

nunber | atural .nunber., of .1 j (.Bz/ - Npax W th.raising jts decinmals);

and ot {v%hér%l?%bF an;? }d‘(’fﬁ ﬂ{;fls*ﬁé‘? 881‘%%@0%‘8@?’51\@& ér?ﬁtﬂééi PHERFer at i on

bet ween addition a ubt r i on ysi.ng N having a predeterm ned 15 _
?6 ﬁ‘;[}tﬁ’ﬂ’a&p sval

rel at i onsRPP&REH O Vdiidope fpér At HaivYh5/ Ahselvtacealsn 1osmallerdat a
Z1(1) and_the data Zh(j). 10. An operation apparatus for

cal cu|5gt i AT 2 erif&gfgfﬁ%ﬁd &t thezbagig iopgraszonsl iunigiof M ddtsy padhod A,
represented by a follow ng equation: | = CQ" 1 20 (Mis a nunber of bits
of a basi thigp@hadiconals tihi 0; 00-1sAannas dilabr ndnbad @dsial natorel noorkert han 2;

nis ril\4;, and Cis 1<C<WL) the operation apparatus conprising:
equal to or more than 2

the operation method comprising:
(1) a data Z1 storing step of storing data Z1 of lower M X Nmax bits of the data

10 Z;

(2) a data Zh storing step of storing data Zh of higher (Bz—M X Nmax) bits

of the data Z; )

3)a dafa Ay storing step of storing the data A; and

(4) an adding/subtracting step of calculating the remainder R by determining
15 an operation between addition and subtraction based on positive/negative of
£y the da_ta Ay, and operating addition/subtraction of data stored in at least a

| part of the data Z] storing region and data stored in at least a part of the data
Zh storing region. |
7. The op_erétion _m'.et'hod aécofding to c‘léir__n‘ 6, ?_ _

20 wherein the data Zl storing step stores the data Z1 as data Z1(1)
divided by the basic operatiénal unit of M bits sequentially from a lowest
side within a range of a natural number i (1 <i < Nmax);

wherein the data Zh storing step stores the data Zh as data Zh(j)
divided by the basic operational unit of M bits sequentially from a lowest

25  side within a range of a natural number j (a natural number of 1 £ j S_(Bz/M)



(1) a data ZI storing region for storing data Zl of lower n bits of the

, data z, (2) a data Zh storing region for storing data Zh of higher

" Bz-n bits of the 25 data Z; 40 (3) guotient cal cul-ating unit for
‘calculating a quotient g and a remainder r by dividing the data Zh with the
data C, and (4) an addition/subtraction unit for calculating the:

remai nder R by adding the remainder r as a basic operational unit higher
than the data Z1 to the 5 data ZlI, and addi ngtsubtracting the quotient g

.to/ from anyadded. n operation nethod, using an
operati onr}g%lﬁé{r‘g]tt s‘alerBE 1S ?%ﬂpftl%)nﬁnﬁ remai nder R of data Z havi ng Bz bits

di vi ded by data repr se oW n uatian cqQ' 10 (Mis
-a nunber of bi Wé‘ Of ﬁﬂ#&gfﬁﬁ%gurﬁtgp gf‘ieé”me%nﬁ%lt theal Ol?ﬂ}ﬁﬁ‘ém equal
to or nofe than 2; n is n and Cis 1<C< t he operation net hod

conpri si Agtween addijion, %Féfi aS‘Zlit@PBPF ngssr&pNofhatipgi gy epredgtenmised] ower n
bits of the data Z a data Zh storing step of storing data Zh of

hi gher Bzelﬁtlﬁnﬁblrbm&lheaadtJaamelppere@)s ad djtion/sebtrassionudfattiendatst Blti)of
calculatin uotient g and a remainder r by dividing the data Zzh with the
dat a <, ang the%@&? Z&)addi ng/ subtracting step of calculating the renmai nder
R by adding the renainder r as a basic operational unit higher than the
data ZlI to the8dakacamapuzd anadazbldi megdrding aneiignt havinpta ecumputed/ f rom an
added result. 12. A conmputer readable recording medi um having a
conput er rezddd| Erogragr atoretlotledeimdbei daustig cawsipgitar aonpefefmt anper f orm
an operation process using an operation apparatus for calculating.a

][elmlal ndeopdtadfordpicreds haiighgn Bpebation dipphderhsofsr dalculhtinE RN fSARLREEDY a
ol | owi ng
R of data Z having Bz bits divided by data I represented by a following

10 equation:
N=N,.,
= 2 A"
N=0

(M is a number of bits of a basic operational unit; N is a natural number
15 being one of 0 through Nmax, A, is a value whose absolute value is smaller
tha'n a value represented by the basic operational unit of M bits; each of A,
through Ay_,,, 1s +1, 0, or 41; Ay 18 +1, or —~1; and Q is a natural number
equal to or more than 2)
wherein the operation process comprises:
20 (1) a data Zl storing process for storing data ZI of lower M X Nmax bits of the
data Z;
(2) a data Zh storing process for storing data Zh of higher (Bz—M X Nmax)
bits of the data Z;
(3) a data Ay storing process for storing the data Ay; and

25 (4) an adding/subtracting process for calculating the remainder R by



25 equation: 411 = Cce 1 (Mis a nunber of bits of a basic operational
unit; Qis a natural nunber equal to or nore than'2; nis OM and Cis

| <C<Qm) wherein the operation process3§onpri ses: 5 (1) a data ZlI storing
process for storing data Z1 of l.ower n"bits of the data Z;, (2) a data zZh
storing process for storing data Zh of higher Bz-n bits of the data Z;, (3)
a quotient calculating process for calculating-a quotient-g and arenai nder
r by dividing the data Zzh with the data C, and 10 (4) an addi ng/ subtracti ng

. f | cul ati t he. i,.nd R . addi t ge]
P ¢ op PAPHSNE LAPL ORPURLET (RN B \Aa1ic) #H0 THUTRGH Aecdngn

addi ng/ subtracti ng the oti.ent q to/froman added result. | 13.
“An oper atPSHIED %{H?sog gli‘e da %élNataPﬂg‘)p&r?@Hﬁiarfgiépoﬁfsb‘gt%’é?nzo%‘il%aded by

data P conprising a data | ju a{n uniL for judging if the data P 15 equals
a predet toHefed datenst a part of thejdatarfh stoymaredan apphiatastaeddrdtng to
claim 13, wherein the predetermned data | of the data | judging unit is

r epr esentleaptiypartiofl thewdatg Zdysieringntes@n.Nni ax 201= E A NVIN N=O

5 9. The computer readable recording medium according to claim 8,

wherein the data Zl storing process stores the data Z1 as data ZI1(i)
divided by the basic operational unit of M bits sequentially from a lowest
side within a range of a natural number i (1 £i £ Nmax); -
. wherein the data Zh storing process stores the data Zh as data Zh()
10 divided by the basic operational unit of M bits sequentially from a lowest
side within a range of a natural number j (a natural number of 1 < j £ (Bz/M)
— Nmax with raising its decimals); and
wherein the adding/subtracting process determines the operation
between addition and subtraction using N having a predetermined
15 relationship with i1 and j, and operates addition/subtraction of the data ZI(1)
and the data Zh().
10. An operation apparatus for calculating a remainder R of data Z
having Bz bits divided by data I represented by a following equation:
[=CQ"+1
20 (M is a number of bits of a basic operational unit; Q is a natural number
equal to or more than 2; n is n2M; and C is 1<C<Q™)
the operation apparatus comprising:
(1) a data Zl storing region for storing data Zl of lower n bits of the data Z;
(2) a data Zh storing region for storing data Zh of higher Bz—n bits of the

25 data Z;



(Mis a nunber of bits of a basic operational unit; Nis a natural nunber
., being one of O through Nmax, Ao is a value whose -absolute value'is snaller
than a val ue represented by the basic, operaticonal unit of Mbits; each of

"Al 25 through ANmexl is +1, 0, or -1; OANi na, is +1, or -1; and Qis a

natural nunmber 42 Il equal to or nore than 2) 15. The operation
apparatus according to claim 13, wherein the predetermned-data-1 of the
data | judging unit is represented by a following equation: I =Ch 1 (M

equal toche gerdetecuB udidbco e falaghotiont o ad A s andaper at | on
2 data |5 dagig Qiefior Zh GG e ALt Reo8dt a P 10 equal s a pr edetorm ned
data |I. 17. The operation nethod according to claim 16, wherein the
pr edet er ¢ At additzon/sebtrapidon it foy galgntafingithe iremaipdes Enbphdsing
follow n&leelq:rg;inodrgr rNezls Nanﬁgsigi%ZrEtiﬁgglwljnit higher than thé data ZI to the
5 data Zl, and adding/subtracting the quotient q to/from an added result.
11. An operation method, using an operation apparatus, for
calculating a remainder R of data Z having Bz bits divided by data I
represented by a following equation: —
I=CQ"*1
10 (M is a number of bits of a basic operational unit; Q is a natural number
equal to or more than 2; n is n=M; and C is 1<C<QY)
the operation method comprising:
(1) a data Z1 storing step of storing data Zl of lower n bits of the data Z:
(2) a data Zh storing step of storing data Zh of higher Bz—n bits of the data
15 Z; |
(3) a quotient calculating step of calculating a quotient q and a rem.ainder r
by dividing the data Zh with the data C; and
(4) an adding/subtracting step of calculating the remainder R by adding the
remainder r as a basic operational unit higher than the data Z1 to the data Z1,
20  and adding/subtracting the quotient q to/from an added result.
12. A computer readable recording medium having a computer
readable program stored therein for causing a computer to perform an
operation process using an operation apparatus for calculating a remainder

R of data Z having Bz bits divided by data I represented by a following

25  equation:



N=O (Mis a nunber of bits of a basic operational unit; Nis a natural
nunber bei ng one of O through Nmax, AO is a value whose absolute value is
smal l er than a val ue represent ed by t basi c operational unit of Mbits;
each of Al 20 through ANmax., is +1, 0, or -1; ANmax 1S +1, or -1; and le
a natural nunber equal to or nor e than 2) 18. The operat| on net hod
according to claim 16, wherein the predeterm ned data | of the data |
judging unit is represented by a follow ng equatiion:.25] = Cn 1 43 (Mis
-a nunber of bi %_&Qna, gaa c operational unit; Qis a natural Aunmber— equal
to or nore tha i n--IVl and Cis I<C<Q1) 19. A conputer

r eadabl e cordin nedl uter readabl e program stored therein
-for causﬂ%lsaactb‘f‘l‘g‘aﬁ’er"f %Iﬁgg?ﬁlér?pg ehalt RBi gib%és’ég%g}ﬁé‘“éﬂ beher ati on
“appar at us fo calculatjng a re nder of Z divided by data P,
wher ei n £ABa Hé?ra{ni%?lt ?Bc?eé’slsc‘r%% ?’é@g H%Séal ) j udgi ng process for
judging if the data P _equals to a predeternm ned data |I. 20. The
conput er readam}@lﬁ%wwaﬁ@@l RifPCecO@PIget o claim 19, wherein the

predeterm ned data | of the data | judging i)rocess is 10 represented by a
fol | o an)et’qdat& Shstaxing\procers fornsgpning data Zl of lower n bits of the data Z;

(2) a data Zh storing process for storing data Zh of higher Bz—n bits of the
data Z;
(3) a quotient calculating process for calculating a quotient g and— a
remainder r by dividing the data Zh with the data C; and
10  (4) an adding/subtracting process for calculating the remainder R by adding
the remainder r as a basic operational unit higher than the data Zl to the
data Zl, and adding/subtracting the quotient q to/from an added result.
13. An operation apparatus for calculating a remainder R of data Z
divided by data P comprising a data I judging unit for judging if the data P
15 equals a predetermined data 1. |
| 14. The operation apparatus according to claim 13, wherein the
predetermined data I of the data I judging unit is represented by a following
equation:
N= N,
20 I= D AO™
N=0 '

(M is a number of bits of a basic operational unit; N is a natural number
being one of 0 through Nmax, A, is a value whose absolute value is smaller
than a value represented by the basic operational unit of M bits; each of A,

25  through Ay, 1s +1, 0, or —1; Ay,,, is +1, or —1; and Q is a natural number



N=O (Mis a nunber of bits of a basic operational unit; Nis a natural
nunmber 15 being one of O through Nmax, Ao is a value whose absol ute val ue
is smaller than a val ue represent ed b¥2the basic operational unit of M
bits; each of Al t hrough ANmax.i is + , or -1; ANmax is +1,.or -1; and Q
I's a natural nunber equal to or nore than 2) 21. Thé conputer
readabl e recordi ng nmedi um according to claim 19, 20 wherein the ﬂ

predeterm ned data | of the data | judging process is represented by a
.foll ow ng equati on: :CSS 1 (Mis a nunber of bits-ef-.a-basiec-
operatiog‘é'i‘gt'fﬂ‘fr m@“?‘éh%n tural nunber equal to or more than 2; nis n.-M

. and Cis I<C<Qn% The operation apparatus according to claim 13, wherein the
predetermined data I of the data I judging unit is represented by a following
equation:

5 I[I=CQ %1
(M is a number of bits of a basic operational unit; Q is a natural number
equal to or more than 2; n is n2M and C is 1.<C<QM)

16. An operation method for calculating a remainder R of data— Z
divided by data P comprising a data I judging step of judging if the data P

10  equals a predetermined data I.

17. The operation method according to claim 16, wherein the
predetermined data I of the data I judging unit is represented by a following
equation:

N= N,

15 I= D AQ™
N=0

(M is a number of bits of a basic operational unit; N is a natural number

being one of 0 through Nmax, A, is a value whose absolute value is smaller

than a value represented by the basic operational unit of M bits; each of A,

20 through Ay .., 1s +1, 0, or —1; Ay, 18 +1, or —1; and Q is a natural number
equal to or more than 2)

18. The operation method according to claim 16, wherein the

predetermined data I of the data I judging unit is represented by a following

equation:

25 I=CQ~*1
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(M is a number of bits of a basic operational unit; Q is a natural number
equal to or more than 2; n is n2M; and C is 1<C<Q™)

19. A computer readable recording medium having a computer
readable program stored therein for causing a computer to perform an
operation process using an operation apparatus for calculating a remainder
R of data Z divided by data P, wherein the operation process comprises a data
I judging process for judging if the data P equals to a predeternﬁned data 1.

20. The computer readable recording medium according to claim i9,

wherein the predetermined data I of the data I judging process is

represented by a following equation:
N=N_..

1= ANQ™
N=0

(M is a number of bits of a basic operational unit; N is a natural number
being one of 0 through Nmax, A, is a value whose absolute value is smaller
than a value represented by the basic operational unit of M bits; each of A,
through Aypa; 1s +1, 0, or —1; Ay, 1s +1, or —1; and Q is a natural number
equal to or more than 2)

21. The computer readable recording medium according to claim 19,
wherein the predetermined data I of the data I judging process is
represented by a following equation:

I=CQ"+1
(M is a number of bits of a basic operational unit; Q is a natural number

equal to or more than 2; n is n2M; and C is 1<C<Q")



