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Abstract — This invention is related to the area of computig machinery and can be used to perform the
division procedure. The invention allows for a sigificant increase in the performance of the existinglevice.
The device consists of the multipliers, the addergnd the subtractors forming a triangular cellular array, and
the converter of the redundant binary code to the an-redundant binary code.

This invention is related to the area of commutmachinery and can be used to
perform the division procedure.

The purpose of the invention is to increasepgbdormance of the existing division
device.

Fig. 1 provides the internal structure of tleeide; Fig. 2, Fig. 3, and Fig. 4 provide the
functional charts of the multiplier, adder, and tsattor respectively; Fig. 5 provides the
internal structure of the converter of the redundainary code to the non-redundant
binary code.

The division device is a triangle array consistriga total of 21 multipliers numbered 1,
a total of 17 adders numbered 2, a total of 13raatwirs numbered 3, and a converter 4
for converting the redundant binary code to the-remtundant binary code.

< The description of the connectivity of the appraie blocks is skipped >
The division device is based on the followidga. Assume that the divide@d= 0. ¢

C2 C3 C4 C5 Cs C7 Cg and the divisoA = 0. & & ag a4 & & & ag are normalized positive
binary fractions and the quotie@tis represented as follows:



Q=C/A=¢. 100G H%0d G qd,

whereq; is ith redundant quotient digit afids i <7.

The conditionAlQ = C can be used to determine the redundant quotiagits dby
assigning the sums of the partial products witha¢@inary weights to the corresponding
digits of the dividendC. The dividendC is represented in the device in the following

form:

C = 0. GCxC3C4C5CeCrCs = C1 T+ Col2%+ 0Z3+ (2c3tCy) T4 + 02° +
+@ece) 2%+ 0127 + (2c+cg) 28,

As a result, the following system of linear equasi@an be obtained:

aifpo = C1

aif1 + axp = C2

ail + ax0p + asp =0

a1z + axp + azQy + asQo =2Cz + C4

ails + @03 + az0p + as01 + asqo = 0

a10s + axQs + azQz + a4l + asOy + Aglo = 2Cs + Ce

a1l + @x0s + @304 + A4Q3 + asGp + asy + azGo = 0

a1y + ax0p + azQs + a40s + AsOz + Ael + 701 + Aglo = 2C7 + Cg

(1)

Taking into account the fact thatandC are normalized binary fractions ia.= ¢, =1,

equations (1) can be rewritten as follows:

Qo=1
g=C—&
Q= -1 —x&

O3 = 2C3 + Ca — &0 — &0h — &
PB=—Pp—aP—ad1— &

Os5 =2Cs5 + Co — &0 — 303 — 0o — &0 — &

O = - a0s —BUs — Az — Q2 — 601 — &

Q7 =2C7 + Cg - @0 —30s — s — 03 — 302 — 1 — &

(2)

The equations (2) can be transformed by substittiiagexpression fol, from the third
equation of (2) to the expression fprin the fourth equation of (2). In a similar wayeth
expression fogz from the fourth equation of (2) can be substitutgd the expression
for g4 in the fifth equation of (2) and so on. The rasgltexpressions for the redundant

digitsgi (0<i< 7) of the quotient are as follows:



Go=1
qL=C—a
Q= —a&— a0
O3 = 2C3 + C4— &y — &0~ & (-a3— &0y )
Q= — 36— aq1— &r— & (2C3 +Cp—y— a%ql_aQqZ)
05 =2C5 + Cs — & — &501 — &2 — &0 — & (— & — 01— 80— 03 )
6= — & _%ql_asqz_&qs—a;q4-ag(205+C6 — & — &0 — &l —agCI3—3QCI4)
Q7 =2C7 + Cg — & — &0 — 302 — 303 — A0a — %05~ & (— & — &0 — &2 — 83 — %l -
axQs )
3)

Taking into account the fact thatis a binary variable that can assume only the atdie
either 0 or 1, and that the express®n & = ap, the expressions in parentheses in the
right side of the equations (3) can be simplifiedr instance, the expression

ay (-ag— &Qqy) in the right side of the the fourth equation of ¢&n be converted to the
following form:

A (-ag— ) = -Ba— & = A28~ & = a(-8— )
After performing the similar conversion for thetlif sixth, seventh, and the eighth

equations, the equations (3) for calculations efrdidundant digitg; (0<i< 7) will be
as follows:

Q=1
qgi=C—a
o= —a&— M

O3 = 2C3 + Cs— 8y — &0 + az(az+01)
s = — 8 — &ulh— 02— & (203 + C4 — 84 — &01—Cp)
O5 =2Cs5 + Cg — & — 01— &0z — &0z + A2( @ + @401+ a302+ g3 )
Os= — & — 01— &0z — %03 — & - (205 + Co — & — &0 — A0 — &3 — Ch)
Q7 =2C7 + Cg — &— &1 — 80— 803 — &0a — &0s+ a2 (& + a1 + astp + a4Qz + azta
+0s5) .
(4)

The device (Fig.1) forms the redundant digits @& tjuotient according to the equations
(4). For instance, the redundant dimitis formed by the output of the subtractor 3 in the
first row of the first column of the triangle matriThe first input of subtractor 3 is
connected to the inpud; of the device which is used to provide the digitof the
dividend C. The second input of the subtractor 3 is connetiethe first input of the
group of inputs 5 which is used to provide the tdagiof the dividerA. The redundant
digit g is formed as follows. The multiplier 1 in the sedaww of the first column of
the triangle matrix forms the value dadi,qu which is supplied to the first input of the
adder 2 of the same column and of the same roweofrtatrix. The second input of the
adder 2 is connected to the valag of the divisorA which is supplied from the inp&b

of the device. Therefore, the adder 2 producesdhee ofaz + a,q; which is equal to the



valueq, from the third equation of (4) but with the oppessign. The resulting value,-
is supplied to the corresponding input of the bldckhere that value ofqy is added to
the rest of the redundant quotient digits takirtg sxccount the sign 0§ .

The digitgs is formed by the output of the adder 2 in thedthow of the first column of
the matrix accoridng to the following algorithm.& multiplier 1 in the second column of
the second row of the matrix formulates the valgg which is provided to the first input
of the subtractor 3 of the same column and of #mesrow of the matrix. The second
input of that subtractor 3 is connected to the ougd the subtractor 3 in the first row of
the third column of the matrix which forms the valc; + ¢, — a, by subtracting the
value of a; on the inpub; from the value of2¢; + ¢4 provided on the input§, and6;
of the device.

The output of the subtractor 3 in the second réwhe second column of the
matrix forms the value dic; + c4— as —agty which is provided to the second input of the
adder 2 in the third row of the first column of thmatrix. The value ofa; (ag+qy) is
provided to the first input of the same adder frdme output of the corresponding
multiplier 1, the first input of which is connectadth the input5; of the device and the
second input of which is connected to the outpuhefadder 2 in the second row of the
second column of the triangle matrix. The firstunpf that adder is connected with the
output of the subtractor 3 in the first row of first column of the triangle matrix which
provides the value aj; , and the second input of that adder is connesittdthe inputs,
of the device which provides the valueagbf the divisorA. Therefore, the output of the
adder 2 of the third row and of the first colummnfis the value ofgz = 2¢3 + ¢4 — &y —
agfy + a2 (as+qy ).

The quotient digity, is formed (with the opposite sign) on the outpiuthe adder
2 in the fourth row of the first coulmn of the matas follows. The output of the adder 2
in the second row of the third column of the mafioxms the value ofa;q: + as by
adding the value ads of divisorA provided by the inpub, of the device with the value
of a,q; provided by the output of the multiplier 1 in thecond row of the third column of
the matix. The value ofyg0; + as from the output of the corresponding adder 2 is
provided to the first input of the subtractor 3fe third row of the second column of the
matrix. The second input of the subtractor is catectwith the output of the multiplier 1
in the third row of the second column of the matsitxich provides the value ofg.a;s .
The resulting value adsq; + as + az which is formed on the output of the corresponding
subtractor3 is supplied to the second input of the ad@ém the fourth row of the first
column of the matrix. The value af (2¢c; + c4,— ay — &1 — @) is provided to the first
input of the adder 2 in the fourth row of the ficedlumn of the matrix. It is formed on the
output of the multiplierl in the fourth row of the first column of the matrithe first
input of which is connected with the inpgait of the device and the second input of which
is connected with the output of the ad@en the third row of the second column of the
matrix which forms the value o2c; + ¢c4— &y — &1 — @ . Thus, the output of the adder 2
in the fourth row of the first column forms the walof ¢, = as + a,01 + azQ2 + a2 (2¢; +
Cs — & — aqi—C) Which differs from the value ai, from the equations (4) only by its
sign.

The remaining quotient redundant digits g, and g, are formed similarily. It
has to be noted that the values of the redundgitsdy,, gz, and gs are formed with the
opposite signs by the device. This fact is taken the account by the blocgk which



converts the quotient from the redundant form ith® non-redundant binary form. The
value ofqy is always equal to 1 and therefore it is not fatneeplicitly by the device.
However, the value ofjp= 1 is taken into account in block 4 while forming tedue of
the quotient in the non-redundant binary fofne qo™. o @2 O G G O Q7 on the
outputs7; - 73 of the device.

The following table provides the maximum and th@imum possible values of
the redundant quotient digits for the proposed devi

Maximum and Redundant quotient digits
minimum values
of the redundant 07 Os Oa Os e O
quotient digits
Omin 1 1 4 3 7 8 13
Omax -1 -1 -2 -5 -5 -9 -13

It should be noted that if the number of digitslué divider and the dividend is odd (for
instancen=p=7), then the dividen€ is represented as follows:

C = 0. GCxC3C4C5C6CrCs = C1T ™+ Col2%+ 0Z3+ (2c3t+Cy) T4 + 02° +
+ @@e) Z° + c7 2.

This affects the expression fgg which in that case will be as follows:
O =C7 — & — 01— &0 — 03— &0s - (265 + C6 — & — 01 — A2 — B0z — Ch)

Consider the implementation of the division deviseng as an example multiplier 1 and
adder 2 in the fourth row of the first column, ahd subtractor 3 in the first row of the
third column, and the converter 4 for converting tedundant binary code into the non-
redundant binary code. Here and onwards we assoatehte redundant quotient digits
are represented in two’s complement code. In chserédundant quotient digits are
represented in one’s complement code, the impleatient of some blocks might be
slightly different.

Multiplier 1 is used to form the value @b (2c; + ¢4 — & — &01—) which
according to the third equation of (2) is equaltte result of the multiplication af; and
ap.. Since according to the table aboyf"" = -2 andgs"® = 4, the multiplier 1 can be
implemented using four two-input AND elements-88, (Fig. 2). The element;& used
to form the sign of the multiplication result.

Adder 2 performs the summation of the results tvisice formed on the output of
the multiplier 1 in the fourth row of the first ewhn and on the output of the subtractor 3
in the third row of the second column. The outputh® adder 2 forms the valuegs-
which has the maximum absolute value equal to Bofaling to the table above). This
adder can be implemented using four single-bitbullary adders 9- 9, . (Fig.3 ). The
adder 9Qis used to form the sign of the result.



Subtractor 3 performs the calculation of the vali€2c; + ¢, — & . It consists of
two single-bit binary subtractors 18nd 1Q (Fig.4). The “borrow” output of subtractor
10, represents the “sign” of the calculated valu@@f+ ¢, — & .

Block 4 performs the conversion of the quotiewotrirthe redundant binary form
represented as a set of the redundant binary djg{<i < 7) into the non-redundant
binary form taking into account the fact that digif, 04, and qs , are formed with the
opposite signs. The simplified diagram of blocks4presented in Fig. 5. This block
consists of converters 11 113 that perform the sign conversion of the redundant
quotient digits -g . -q4 and - ge. It also consists of block 12 of for converting dlet-
row” binary code into the “two-row” binary code atite carry look-ahead adder 13. The
converters 14 - 113 actually perform the logical inversion of the inmode , i.e. they
perform the “one’s complement” conversion of thpunhcode. The further conversion of
the -q; -q4, and - gs into the “two’s complement” code is performed ilodk 12 by
providing the proper “1” signals on the carry inpuif the corresponding single-bit
adders of block 12. In general, block 12 perforims multi-operand algebraic binary
addition of the input binary signals according t® binary weights and the carry look-
ahead adder forms the quotient in the non-reduriglaaty form.

The device operates according to the followingoatgm. The values of the
binary digits of dividelC = 0. g ¢, C3C4C5Cs C7 Cgand the divisoA = 0. & & a3 & a5 a6
a; agare provided to the inputg 66; and 3 - 5; of the device. (The values of & 1 and
a = 1 are not used as explicit input values). Them device sequentially forms the
values of the redundant quotient digits -0z, G, -Gk, G, -Gs, Oz according to (4). The
value of gy will be formed in approximately 4t+ 7t where § — is the delay of
multiplier 1 and 4 is the delay of adder 2 (and subtractor 3). Thené&a values of the
redundant quotient digits are prowded to the uapnft block 4 that converts it into the
non-redundat binary cod® = qo™. g @2 O G4 G s g7 . The total time of forming
the quotient into the non-redundant binary forMtis+ 7t + t.onvWhere gony is the delay
of block 4. It should be noted that the processarfversion of the quotient in block 4
overlaps with the process of forming the redunarmtignt digits. In general, the timg T
required to form th@ quotient digits in the suggested device for evdnesofp can be
defined using the following expression:

Tp ~ (p'l) b+ (p/2) I+ teonv



