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ENGLISH TRANSLATION FOR PCT/JP99/00206 

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 recording 

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 

is limited to be a number which can be represented by 2q - 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 

25 by a computer having 2M as a basic operational unit. 
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For example, as shown in Fig. 15, the remainder of the integer 685 

divided by the prime number 13 (q=4, C=3) can _be calculated using the 

computer having 23 (3 bits) as the basic operational unit, and the operation 

will be described in the following: 

5 When represented by binary number, 685 becomes (1010101101). 

First, the lowest bits q = 4 bits 1401 (1101) of the integer Z = 685 are 

latched. Next, data 1403 (1111110), which is the remaining bits 1402 

(101010) multiplied by C = 3, is calculated by shift operation and addition. 

Then, the obtained data 1403 is added to the data 1401 (1101) to obtain data 

10 1404 (10001011). 

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 obtain~d 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 q = 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. 
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In the following, as the second conventional related art, an operating 

method for calculating a remainder R of a division of an integer Z by an 

integer I will be explained referring to Fig. 16. The operating method is 

considered. basically in the same way as the first related art, however, the 

5 concrete number used therein is different from the first related art. The 

operating method implemented by the 16-bit computer will be explained, and 

the operation is performed with 16 bits as a processing unit. In Fig. 16, a 

reference numeral 1501 shows an integer Z, 1502 shows an integer I (I = 2160 

+ ff9d), 1503 shows higher 64 bit data Zh of the integer Z, 1504 shows lower 

10 160 bit data Zl of the integer Z, and 1509 shows a remainder R. In Fig. 16, 

the integer Z and the remainder R are represented by hexadecimal numbers, 

and in the integer I, 2160 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 Zl 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, cccc is multiplied by ff9d to obtain 32 bit data cc7ccdlc (1507) 

(multiplication 3). 

25 

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. 

Subsequently, this product is subtracted from Zl (1504). In the 
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following, addition and subtraction include carry and borrow. 

First, 0042 is subtracted from the lowest 16 bit data 0000 of Zl (1504) 

(addition/subtraction 1). Next, aa68 1s subtracted from 1111 

(addition/subtraction 2), and further 66af is subtracted (addition/subtraction 

5 3). Subsequently, bb72 is subtracted from 2222 (addition/subtraction 4), 

and further cdlc is subtracted (addition/subtraction 5). Then, cc7s is 

10 

subtracted from 3333 (addition/subtraction 6), and further 3389 1s 

subtracted (addition/subtraction 7). Finally, dd87 is subtracted from 4444 

(addition/subtraction 8). 

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

by the integer I is calculated through 4 multiplications and 8 

additions/subtractions. 

In the above related arts, when the prime number P is 2q - C (C is a 

15 relatively small odd number), the remainder can be calculated 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 I is 2q - f (q = 4, f = 3 in the first related art, q = 160, f = ff9d 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. 
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The present invention is provided to solve the above-mentioned 

problems, and aims to obtain an operation apparatus, operation method for 

calculating the remainder of the integer at a high speed using a computer 

and recording medium thereof. 

5 

Disclosure of the Invention 

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=Nmax 

I= ~ AdN 
N=O 

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

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

15 than a value represented by the basic operational unit of M bits; each of A1 

throughANmax·I is +l, 0, or -1; ANmax is +l, 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 Zl of lower M X Nmax bits of the 

20 data Z; 

(2) a data Zh storing region for storing data Zh of higher (Bz-MXNmax) 

bits of the data Z; 

(3) a data AN storing region for storing the data AN; and 

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

25 determining an operation between addition and subtraction based on 
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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. 

Further, in the operation apparatus, the data Zl storing region stores 

5 the data Zl as data Zl(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) in a data Zl(i) region; 

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 

IO range of a natural number j (a natural number of 1 ~ j :S (Bz/M) - Nmax with 

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

15 

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 Zl(i) and the data Zh(j). 

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 when the data AN is positive, and that the operation 

is addition when the data AN 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. 

25 

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. 

An operation method in relation to the present invention, using an 
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operation apparatus, for calculating a remainder R of data Z having Bz bits 

divided by data I represented by a following equation: 

N=Nmax 

I= L AN~N 
N=O 

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

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

than a value represented by the basic operational unit of M bits; each of A1 

throughANmax-i is +l, 0, or-1; ANmax is +l, or -1; and Q is a natural number 

10 equaJ to or more than 2) 

the operation method includes: 

(1) a data Zl 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 th~ data Z; 

(3) a data AN storing step of storing the data AN; 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 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 least a part of the data 

Zh storing region. 

Further, in the operation method, the data Zl storing step stores the 

data Zl as data Zl(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 ~ 

25 Nmax); 
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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 side within a 

range of a natural number j (a natural number of 1 ~ j ~ (Bz/M) - Nmax with 

raising its decimals); and 

5 the adding/subtracting step determines the operation between 

addition and subtraction using N having a predetermined relationship with i 

and j, and operates addition/subtraction of the data Zl(i) and the data Zh(j). 

In a computer readable recording medium in relation to the present 

invention having a·computer readable program stored therein for causing a 

10 computer to perform an operation process using an operation apparat.us for 

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

represented by a following equation: 

N=N. max 

I= L Atv<? 
15 N=O 

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

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

than a value represented by the basic operational unit of M bits; each of A1 

through ANmax-i is +l, 0, or -1; ANmax is +1, or -1; and Q is a natural number 

20 equal to or more than 2) 

the operation process includes: 

(1) a data Zl storing process for storing data Zl of lower M X Nmax bits of the 

data Z; 

(2) a data Zh storing process for storing data Zh of higher (Bz-MXNmax) 

25 bits of the data Z; 
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(3) a data AN storing process for storing the data AN; and 

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

determining · an operation between addition and subtraction based on 

positive/negative of the data AN, and operating addition/subtraction of data 

5 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. 

Further, in the computer readable recording medium, the data Zl 

storing process stores the data Zl as data Zl(i) divided by the basic 

·operational unit of M bits sequentially from a lowest side within a range of a 

10 natural number i {l ~ i ~ Nmax); 

15 

the data Zh storing process stores the data Zh as data Zh(j) divided 

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

a range of a natural nuniber j (a natural number of 1 ~ j ,s; (Bz/M) - Nmax 

with raising its decimals); and 

the additing/subtracting process determines the operation between 

addition and subtraction using N having a predetermined relationship with i 

and j, and operates addition/subtraction of the data Zl(i) and the data Zh(j). 

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= 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 n~M; and C isl <c<QM) 

the operation apparatus includes: 

25 (1) a data Zl storing region for storing data Zl of lower n bits of the data Z; 
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(2) a data Zh storing region for storing data Zh of higher Bz-n bits of the 

data Z; 

(3) a quotient cafoulating unit for calculating a quotient q and a remainder r 

by dividing the data Zh with the data C; and 

5 (4) an addition/subtraction unit 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. 

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

operation apparatus, for calculating a remainder R of data Z having Bz bits 

10 divided by data I represented by a following equation: 

I= 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 n~M; and C is 1 <c<~) 

the operation method includes: 

15 (1) a data Zl 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 Zl 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 
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calculating a remainder R of data Z having Bz bits divided by data I 

represented by a following equation: 

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

5 equal to or more than 2; n is n~M; 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 the 

data Z; 

10 (3) a qll:otient calculating process for calculating a quotient q and a 

15 

20 

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 Zl to the 

data Zl, and adding/subtracting the quotient q to/from an added result. 

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: 

N=N max 

I= L A,qtN 
N=O 

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

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

25 than a value represented by the basic operational unit of M bits; each of A1 
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through ANmax-i is + 1, 0, or -1; ANmax is + 1, or -1; and Q is a natural number 

equal to or more than 2) 

Further, in the operation -apparatus, the predetermined data I of the 

data I judging unit is represented by a following equation: 

5 

(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<QM) 

An operation method in relation to the present invention for 

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. 

15 

Further, in the operation. method, the predetermined data I of the 

data I judging unit is represented by a following equation: 

N=N · max 

I= ~ AdN 
N=O 

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

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

than a value represented by the basic operational unit of M bits; each of A1 

through ANmax-l is +l, 0, or -1; ANmax 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: 

(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 n~M; and C is 1 <c<QM) 
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In a computer readable recording medium in relation to the present 

invention 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, the operation process 

5 includes a data I judging process for judging if the data P equals to a 

predetermined 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=Nmax 

I= ~ AdN 
N=O 

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

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

15 than a value represented by the basic operational. unit of M bits; each of A1 

through.ANmax-I is +l, 0, or -1; ANmax is +l, 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: 

(M is a number of hits 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<QM) 

25 Brief Description of the Drawings 
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Fig. 1 explains a remainder calculation according to the first and 

second embodiments. 

Fig. 2 shows a general .configuration of a computer in relation to the 

first, second, third, fourth, and fifth embodiments. 

5 Fig. 3 shows a fl.ow diagram showing a remainder calculating 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. 

15 

Fig. 6 explains another remainder calculation according to the second 

embodiment. 

Fig. 7 explains another remainder calculation according to the third 

and fourth embodiments. 

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. 

25 

Fig. 11 shows a fl.ow diagram explaining the remainder calculation 

according to the fifth embodiment. 

Fig. 12 is a general configuration showing a communication system 

in relation to the six.th embodiment. 

Fig. 13 is a flow diagram showing an operation of the communication 
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system of the sixth embodiment. 

Fig. 14 is a flow diagram explaining the judgement of data P 

according to the sixth embodiment. 

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. 

15 

20 

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 integ~r I 102 is 

calculated. 

In Fig. l, 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: 

N=Nmax 

I= L AdN 
N=O 

(AN (N-::/: 0) is 0 or + 1. Ao is an integer whose absolute value is smaller than 

a basic operational unit M, and ANmas is + 1) 

25 In this embodiment, M = 16, Ao= -1, A1 = 1, A2 = 0, A3 = 1, A4 = -1, A10 = 1, and 
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Nmax = 10. I is represented by decimal number. 

A reference· numeral 103 shows the higher 80 bit data Zh of the 

integer Z 101, 104 shows the lower 160 bit data Zl of the integer Z 101. Zh 

and Zl are divided by 16 bits from the lowest bit and each 16 bit data is 

5 stored as Zl (1) through Zl (10), Zh (1) through Zh (5). Here, 16 bit is the 

basic operational unit of this computer. 

Fig. 2 is a general configuration showing a CPU 201 and a memoty 

202 of the computer. In the computer, as shown in the figure, the CPU 201 

operates the data or the program stored at a location specified by the address 

10 W(i) in the memory. For example, the memory 202 stores data of M, AN, 

Nmax• Zh, Zl 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/s~btraction 

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 

Nse is 4. Andi, 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: 
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Zl-ZhX (l-2MNmax)= Zl-ZhX(-264+248 +216-1) (equation 1) 

And, the following explains the procedure of operation using hexadecimal 

numbers, however, the operation is actually processed by binary numbers in 

the computer. This will be the same as in the subsequent embodiments. 

5 First, the integer Zl 104 is divided by 16 bits and each 16 bits is 

stored at a location specified by the address W(i) in the memory (steps 3-1 

through 3-4). Here, the operation is separated at the lower 160th bit of the 

integer Z because MNmax is .160. The memory W(i) has been cleared to zero at 

the initiation. In the following, the operation will be explained using Zl(i) 

10 and Zh(j). 

Next, the operation of first equation is performed (steps 3-5 through 

3-11). 

When N = 0 (step 3-5), ~= - 1. Therefore, 80 bit data (105) 

consisting Zh(l) through Zh(5) is added to 80 bit data consisting Zl(l) 

15 through Zl(5) stored in W(l) through W(lO) (in case of N = 0, steps 3-6 

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

W(lO) 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). A1 = 

1, so that 80 bit data (106) consisting Zh(l) 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(l) through W(lO) 
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becomes data 402. 

Subsequently, the process for the case of N = 2 is performed (step 3-

10). Because ~ = 0, the processes of steps 3-6 through 3-9 can· be 

eliminated. 

Then, the process for the case of N = 3 is performed (step 3-10). A3 = 

1, so that 80 bit data (107) of addresses Zh(l) through Zh(5) is subtracted 

from 80 bit data ofW(4) through W(S) (in case ofN = 3, steps 3-6 through 3-

9). By these processes, 160 bit data consisting W(l) through W(IO) becomes 

data 403. 

Finally, the process for the case of N = 4 is performed (step 3-10). A4 

=-1, so that 80 bit data (108) of Zh(l) through Zh(5) is added to 80 bit data 

ofW(5) through W(9) (N = 4, steps 3-6 through 3-9). By these processes, 160 

bit data consisting W(l) through W(lO) becomes data 404, and the obtained 

value R 109 becomes a remainder of the integer Z 101 divided by the integer 

15 I 102. 

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 AN. 

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 enabies a higher speed operation 

compared with the operation method including division and shift operation. 

In the above procedure, when the absolute value of Ao is more than 1, 

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

25 through 3-9 in case of N = 1. The processing order of addition/subtraction is 
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not limited to the above, for example, the process with the data 103 can be 

performed after processing the data 105 through 108. F~ther, "bit'' means 

the basic unit of information, and in the present embodiment the bit is 

processed by- binary notation, however, in the computer processed by Q 

5 notation, ''bit" shows Q statuses of 0 through (Q-1). The remainder can be 

also calculated in the same way with this embodiment. Further, the 

operating method according to the embodiment can be stored in the 

recording medium so as to be performed by the computer. This is the same 

as in the subsequent embodiments . 

. 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 

accordin~ 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 Zl 104 is divided by 16bits and each divided data is stored 

at a location specified by address W(i) in the memory (steps 5-1through5-4). 

Here, the integer Z is separated at the lower 160th bit because MNmax 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). 
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First, the process for the case of i = 1 is· performed (step 5-5). Since i 

=I, N is only 0 (step 5-9). Ao= -1,"therefore, Zh(l) is added to W(l) (step 5-

7). By these processes, W(l) becomes aaaa (601). 

Next, the process for the case ofi = 2 is performed (step 5-12). Since 

5 i = 2, N is either of 0 and 1 (step 5-9). Ao= -1 and Ai = 1, therefore, Zh(2) is 

added to and Zh(l) is subtracted from W(2) (step 5-7). By these processes, 

W(2) becomes 2222 (602). 

Subsequently, the process for the case of i = 3 is performed (step 5-12). 

Since i = 3, N is 0, 1, or 2 (step 5-9). Ao= -1, Ai= 1, and~= 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 i = 4 is performed (step 5-12). Since 

i = 4, N is 0, 1, 2, or 3 (step 5-9). Ao= -1, Ai= 1, A2 = 0, and A.a= 1, therefore, 

Zh(4) is added to, Zh(3) and Zh(l) are subtracted from W(4) (~tep 5-7). By 

15 these processes, W(4) becomes 999a (604). At this time, a borrow occurs. 

Subsequently, the process for the case ofi= 5 is performed (step 5-12). 

Since i = 5, N is 0, 1, 2, 3, or 4 (step 5-9). Ao= -1, Ai = 1, ~ = 0, A.a= 1, A4 = 
-1, therefore, Zh(5) is added to, Zh( 4) is subtracted from, further Zh(2) is 

subtracted from, Zh(l) 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 i = 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 A1 = 1, ~ = 0, A3 = 1, A4 = -1, Zh(5) is subtracted from, further Zh(3) is 
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subtracted from, and Zh(2) is added to W(6) (step 5-7). By these processes, 

W(6) becomes 5556 (606). At this time, a borrow occurs. 

Subsequently, the process in case of i = 7 is· performed (step 5-12). 

As well as the case of i = 6, N is 2, 3, or 4. ~ = 0, A3 = 1, ~ = -1, therefore, 

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

case of i = 6 is subtracted from W(7) (step 5-11). By these processes, W(7) 

becomes 5554 (607). 

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

well as the case ofi = 6, N is 3 or 4. Since A3 = 1, A4 =-1, Zh(5) is subtracted 

10 from, and Zh(4) is added to W(8) (step 5-7). By these processes, W(8) 

becomes 6666 (608). 

Subsequently, the process for the case ofi = 9 is performed (step 5-12). 

As well as the case ofi = 6, N is 4. A4 = -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. 

20 

Finally, the process for the case ofi = 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 i = 9 is added to W(lO) (step 5-12). By this process, W(lO) 

becomes 999a (610). 

160 bit data consisting W(O) 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 
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calculation has been performed. 

Embodiment 3. 

Fig. 7 explains a remainder calculation using a 16-bit computer 

5 according to another embodiment of the present invention. In this 

embodiment, a remainder R 711 of an integer Z 701 divided by another 

integer I 702 is calculated. 

In Fig. 7, a reference numeral 701 shows the integer Z of 256 bits 

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 

is omitted here. 

A reference numeral 703 shows higher 96 bit data Zh of the integer Z 

701, 704 shows lower 160 bit data Zl 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 Zl (1) 

through Zl (10), Zh (1) through Zh (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: 
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Zl -Zh x (I -2~max) - (I -2MNmax) 

= Zl-ZhX(-264+248 +216-1)-(-264+248+216-1) (equation 2) 

First, the integer Zl 704 is divided by 16 bits and stored at a location· 

specified by the address W(i) in the memory (steps 3-1 through 3-4). Here, 

5 the operation is separated at the lower 160th bit of the integer z because 

MNmax is 160. 

Next, the operation of the second equation is performed (steps 3-5 

through 3-11). 

When N = 0 (step 3-5), Ao = -1, so that 96 bit data (705) of Zh(l) 

10 through Zh(6) is added to 96 bit data consisting Zl(l) through Zl(6) stored in 

W(l) through W(lO) (in case of N = 0, steps 3-6 through 3-9). ,By these 

processes, 160 bit data consisting W(l) through W(lO) becomes data 801 

shown in Fig. 8 . 

. Next, the process for the case ofN = 1 is performed (step 3-10). A1 = 

15 1, so that 96 bit data (706) of Zh(l) through Zh(6) is subtracted from 96 bit 

data ofW(2) through W(7) (in case of N = 1, steps 3-6 through 3-9). By these 

processes, 160 bit data consisting W(I) through W(lO) becomes data 802. · 

Subsequently, the process for the case of N = 2 is perfor1n:ed (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). As= 

1, so that 96 bit data (707) of addresses Zh(l) 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(l) through W(lO) becomes 

25 data 803. 
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Subsequently, the process for the case of N = 4 is performed (step 3-

10). A4 = -1, so that 96 bit data (708) of Zh(l) through Zh(6) is added to 96 

bit data ofW(5) through W(lO) (in case of N = 4, steps 3-6 through 3-9). By 

these processes, 176 bit data consisting W(l) through W(ll) becomes data 

5 804. Since this number is larger than the integer I 702, the above processes 

are repeated using the data 804 as the integer Z. In the present 

embodiment, Zh of the data 804 is 1, therefore the operation can be 

performed by subtracting ( - 264+248 + 216 
- 1) from the data 804. The 

obtained value R 711 becomes the remainder of the integer Z 701 divided by 

10 the integer I 702. 

Following the above procedure, 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 AN . 

. 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 Ao is more than 1, 

20 the operation may be performed by repeating the process for the case of N = I. 

25 

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. 

Fig. 5 is a flow diagram showing another procedure of the invention 
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described in Fig. 7. Fig. 9 shows a concrete numeral operation according to 

the flow diagram. Fig. 5 has been explained in the second embodiment, Fig. 

7 has been explained in the third embodiment, and their explanations are 

omitted here. In the present embodiment, however, Dz is 16 and Nse is 4. 

5 In the following, a remainder calculating procedure will be explained 

referring to Figs. 5 and 9. The remainder obtained in this embodiment is 

the same as one obtained in the third embodiment. 

First, data Zl 704 is divided by 16 bits and each divided data is stored 

at a location specified by the address W(i) in the memory (steps 5-1 through 

10 5-4). Here, the operation is separated at the lower 160th bit of the integer Z 

because MNmax 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 = 1 is performed (step 5-5). Since i = 1, 

15 N is only 0 (step 5-9). Ao= -1, therefore, Zh(l) is added to W(l) (step 5-7). 

By this process, W(l) becomes aaaa (901). 

Next, the process for the case ofi = 2 is performed (step 5-12). i = 2, 

therefore N is either of 0 and 1 (step 5-9). Ao= -1 and A1 = 1, therefore, 

Zh(2) is added to, and Zh(l) is subtracted from W(2) (step 5-7). By these 

20 processes, W(2) becomes 2222 (902). 

25 

Subsequently, the process for the case of i = 3 is performed (step 5-12). 

Since i = 3, N is 0, 1, or 2 (step 5-9). Ao = -1, A1 = 1, and A2 = 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). 

Next, the process for the case ofi = 4 is performed (step. 5-12). Since 
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i = 4, N is 0, l, 2, or 3 (step 5-9). Ao= -1, A1 = 1, A2 = 0, and A3 = 1, therefore, 

Zh(4) is a~ded to, Zh(3) and Zh(l) are subtracted from W(4) (step 5-7). By 

these processes, W(4) becomes 999a (904). At this time, a borrow occurs. 

Subsequently, the process for the case of i = 5 is performed (step 5-12). 

5 Since i = 5, N is 0, 1, 2, 3, or 4 (step 5-9). Ao= -1, A1 = l, ~ = 0, A3 = 1, and 

A4 = -1, therefore, Zh(5) is added to, Zh(4) and Zh(2) are subtracted from, 

Zh(l) is added to, and further 1 borrowed in case of i = 4 is subtracted from 

W(5) (step 5-7). By these processes, W(5) becomes 4443 (905). 

Next, the process for the case of i = 6 is performed (step 5-12). 

10 Though i = 6, N is up to 4 (step 5-10), therefore, N is 0, 1, 2, 3, or 4. Since Ao 
= -1, A1 = 1, A2 = 0, A.a = 1, and A4 = -1, Zh(6) is added to, Zh(5) is. subtracted 

from, further Zh(3) is subtracted from, and Zh(2) is added to W(6) (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 Though i = 7, N is up to 4 (step 5-10), therefore, N is 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 N is 1, 2, 3, or 4. A1 = 1, ~ = 0, 

A3 = 1, and A4 = -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 of i = 7, N is 2, 3 or 4. Since A2 = 0, A3 = 1, and A4 = -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 
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performed (step 5-12). As well as the case of i = 6, N is 3 or 4. A3 = 1, and 

A4 = -1, therefore, Zh(6) is subtracted from and Z(5) is added to W(9) (step 5-

7). By this process, W(9) becomes 7777 (909). 

Finally, the process for the case of.i = 10 is performed (step 5-12, 5-13). 

5 As well as the case ofi = 6, the process is performed only for N is 4. A4 = -1, 

therefore, Zh(6) is added to W(9) (step 5-7). By this process, W(lO) becomes 

9998 (910). At this time, a carry occurs. 

176 bit data 709 consisting W(l) through W(ll) obtained through the 

above procedure is larger than the integer I 102. Accordingly, the above 

10 procedure is repeated using the data 709 as the integer Z. . In the present 

embodiment, Zh = l, therefore the operation can be performed by subtracting 

(-264+248+216-1) 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. 

25 

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 

integer I 1002 is calculated. 

In Fig. 10, a reference numeral 1001 shows the integer Z of 224 bits 
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represented by hexadecimal number, and each numeral, divided by the space, 

corresponds to 16 bits. The data is stored in the memory by each 16 bits. 

The integer I 1002 can be represented by the following: 

l=C•Qn+f(l<C<QM, n~M, 1 <f<QM) 

5 The integer I is represented by decimal number and hexadecimal number in 

10 

this embodiment, and C= ff9c (hexadecimal number) and Q = 2, n. = 144 

(decimal number), f = 1 (hexadecimal number), and M = 16 (decimal number). 

1003 shows higher 80 bit data Zh of the integer Z 1001, and 1004 shows 

lower 144 bit data Zl of the integer Z 1001. 

The data Zh and the data Zl are respectively divided by 16 bits from 

the lowest bit and each 16 bit data is stored as each of data Zl(l) through 

data Zl(9), and each of data Zh(l) through data Zh(5). Here, the basic 

operational unit is 16 bits for this computer. 

The highest 16 bit of I is ff9c, and the remainder can be calculated by 

15 the following. 

20 

First, Zh 1003 is divided by ff9c, the quotient q 1005 and the 

remainder r 1006 are obtained. Next, the remainder r 1006 is added to Zl 

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. 

Fig. 11 is 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 1005 by 16 bits from the lowest bit, imax is the 

maximum value of i of q(i). In this embodiment, C = ff9c and imax = 4. 

The following explains the conc~ete operating procedure referring to the 

25 figure. 
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First, Zh 1003 is divided by C = ff9c to calculate the quotient q 1005 

and the remainder r 1006 (step 1101). Namely, the highest 32 bit data dddd 

cccc of Zh 1003 is divided by ff9c to calculate the quotient and the remainder 

(division 1). ·Next, since the remainder of the division 1 is 99lc, data 991c 

5 bbbb is divided-by ff9c to calculate the quotient and the remainder (division 

2). Consequently, since the remainder of the division 2 is a2lb, data a21b 

aaaa is divided by ff9c to calculate the quotient and. the remainder (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 remainder (division 4). 

10 Through the above four times divisional operations, the quotient q 1005 and 

the remainder r 1006 of Zh divided by ff9c can be obtained. 

Next, the obtained remainder is added to Zl (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(l) = 163f is subtracted from Zl(l) = 0000 (in case of i = 1, 

step 11-5) (addition/subtraction 1). Next, q(2) = a25b is subtracted from 

Zl(2) = 1111 (in case. of i = 2, step 11-5) (addition/subtraction 2). 

Subsequently, q(3) = 9958 is subtracted from Zl(3) = 2222 (in case of i = 3, 

20 step 11-5) (addition/subtraction 3). q(4) = de34 is subtracted from Zl(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 

j 
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- Nmax with raising its decimals); and 

wherein the adding/subtracting step determines the operation 

between addition and subtraction using N having a predetermined 

relationship with i and j, and operates addition/subtraction of the data Zl(i) 

5 and the data Zh(j). 

8. 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 

10 equation: 

N=Nmax. 

l= ~ A#N 
N=O 

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

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

than a value represented by the basic operational unit of M bits; each of A1 

throughANmax-i is +l, 0, or -1; ANmax is +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 Zl of lower MXNmax 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 AN storing process for storing the data AN; and 

25 ( 4) an adding/subtracting process for calculating the remainder R by 
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determining 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 and data stored in at 

least a part of the data Zh storing region. 

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

wherein the data Zl storing process stores the data Zl as data Zl(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(j) 

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 i and j, and operates addition/subtraction of the data Zl(i) 

and the data Zh(j). 

10. An operation apparatus for calculating a remainder R of data Z 

having Bz bits divided by data I represented by a following equation: 

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 n~M; and C is 1 <c<QM) 

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; 
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(3) a quotient calculating unit for calculating a quotient q and a remainder r 

by dividing the data Zh with the data C; and 

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

the remainder r as a basic operational unit higher than the data Zl 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: 

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

equal to or more th~n 2; n is n~M; and C is 1 <c<QM) 

15 

the operation method comprising: 

(1) a data Zl 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 

(4) an adding/subtracting step of calculating the remainder R by adding the 

remainder r as a basic operational unit higher than the data Zl to the data Zl, 

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: 
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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 n~M; and C is 1 <c<QM) 

wherein the operation process comprises: 

5 (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 the 

data Z; 

(3) a quotient calculating process for calculating a quotient q 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 I. 

20 

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=Nmax 

I= L A#N 
N=O 

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

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

than a value represented by the basic operational unit of M bits; each of A1 

25 through ANmax-i is + 1, 0, or -1; ANmµ is + 1, or -1; and Q is a natural number 
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15. The operation apparatus according to claim 13, wherein the 

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

equation: 

(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:2::M 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. 

15 

17. The operation ~ethod according to claim 16, wherein the 

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

equation: 

N=Nmax 

I= L AdN 
N=O 

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

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

tha~ a value represented by the basic operational unit of M bits; each of A1 

20 throughANmax-t is +l, 0, or -1; ANmax is +1, or -1; and Q is a natural number 

25 

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: 

I= CQn ± 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 n~M; and C is 1 <c<QM) 

19. A computer readable recording medium having a computer 

readable program stored therein for causing a computer to perform an 

5 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 predetermined data I. 

20. The computer readable recording medium according to claim 19, 

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

10 represented by a following equation: 

N=N max 

I= ~-AptN 
N=O 

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

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

than a value represented by the basic operational unit of M bits; each of A1 

through ANmax-I is +1, 0, or -1; ANmax is +l, or -1; and Q is a natural number 

equal to or more than 2) 

21. The computer readable recording medium according to claim 19, 

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

represented by a following equation: 

(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<QM) 


