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SECTION 5

PART 6
FLOATING DIVIDE FUNCTIONAL UNIT
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PRIMARY BLOCK DIAGRAM

DIVIDE UNIT

The Floating Divide Unit executes the two CPU instructions, 44 and 45, the floating
divide and round floating divide respectively. These instructions direct the computer
to divide Xj by the divisor Xk and send the quotient to Xi. This unit involves a 17 step
iterative process to form the quotient from the two operands. Only one divide instruc-
tion may be executed in the iterative portion of the Divide Unit at a given time.

The divide instructions require 20 clock periods for execution. Data moves from the
operating registers to the Divide Unit input registers each clock period in which the
Divide Busy flag is cleared. This data is used for instruction execution only if a divide
instruction issues from the CIW Register and sets the Divide Busy flag. The data which
arrives at the Divide Unit during the clock period of instruction issue is then used in

the execution of the following divide sequence. The Divide Busy flag prevents the CIW
from issuing another divide instruction for the 17 clock periods following instruction
issue. However in the 18th clock period after instruction issue a second divide in-
struction may issue.

Bit 0 of the h designator is held in an input register along with the operand data (Xj)
and (Xk). This bit is the Divide Round flag which distinguishes between the two in-
struction modes.

The Divide Unit operates on positive coefficient values only. Each coefficient for (Xj)
and (Xk) is individually complemented in static networks if its sign is negative. The
sign of the result is determined by the Divide Unit and is sent to the X Register Input
Control unit in the CPU. This sign bit is the logical difference of the two operand
sign bits.

The Divide Busy flag initiates a chain of divide sequence control flags which sequence
the steps in the instruction execution. This sequence control provides a static condi-
tion to distinguish each of the 19 clock periods following the issue of the divide instruc-
tion. These static conditions then control the data movement within the divide unit and
the data transmission to the X Register input path at the end of the divide sequence.

The format of a floating point number is k2", where k is a 48-bit integer coefficient
and n is a ten-bit integer exponent.
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Division of floating point numbers requires the subtraction of the exponents and the
division of two 48-bit coefficients. Double precision division is not provided and a
remainder cannot be retrieved. Since the divide hardware produces a quotient in the
range, 1.7777 7777 7777 7777 through 0. 0000 0000 0000 0000, the ratio of Xj to Xk
must always be less than 2 to 1. If the divisor is normalized, this requirement is
always met. If this requisite is not met, the resulting quotient will be meaningless.
1f both the dividend Xj and the divisor Xk are normalized, the quotient Xi is also
normalized.

The quotient coefficient is formed three bits per clock period in 17 iterative steps.
The result of the first iteration is stored in the control module. The results of the 16
succeeding iterations (a total of 48 bits) are stored in the quotient shift register. If
the quotient is of the form, 0. X----~=~~ X (the ratio of Xj to Xk is less than 1 to 1),
the result of the first iteration is a zero and the 48 bits in the quotient shift register
are taken as the coefficient of the result:

GIVEN: Xi =Xj/Xk
(Xj) = 2057 4400000000000015
{Xk) = 2032 6000000000000000

The divide coefficient logic forms:

4400000000000015 2
6000000000000000

0. 6000000000000021

In floating point format the coefficient must be an integer. Therefore the binary point
must be moved 48 places to the right. Since the exponent must be decreased by one
for every place the binary point is right shifted, sna is subtracted from the difference
of the exponents and the final result is:

(Xi) = 1744 6000000000000021
(NOTE: Final exponent = 2057 - 2032 - 60 = -33 (unbiased) = 1744)

If the quotient is of the form, 1.X-=-==-=- X (the ratio of Xj to Xk is 1 to 1 or greater,
but less than 2 to 1), the result of the first iteration is a one, and the upper 47 bits in
the shift register are taken as bits 0-46 of the quotient coefficient. The X Register
Access Control takes bit 47 to be a one:
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GIVEN:  Xi =Xj/Xk
(Xj) = 2016 7000000000000000
(Xk) = 2025 4000000000000000

The Divide logic forms:

7000000000000000
4000000000000000

= 1.6000000000000000

In order to make this quantity an integer, the binary point must be moved 47 places to
the right. 5?8 is therefore subtracted from the difference of the exponents and the
final result is:

(Xi) = 1711 7000000000000000
(NOTE: Final exponent = 2016 - 2025 - 57 = -66 (unbiased) = 1711)

If the ratio of Xj to Xk is 2 to 1 or greater, the result of the first iteration is forced

to a two by the Release Remainder control signal, The control network then sends a

special case signal (Indefinite) to the X Register Input Control network along with an

operand consisting of all ones. The X Register Input Control network then generates
an indefinite result,

COEFFICIENT FORMATION

The quotient coefficient is formed three bits per clock period. The iteration network
functions exactly like a pencil and paper octal divide. A multiplication network forms
seven multiples of the divisor, Xk through 7TXk. The dividend is entered into the
Remainder Register, which holds 51 bits (initially bits 48, 49, and 50 are all 0). The
trial subtraction network simultaneously compares each of the seven divisor multiples
with the contents of the Remainder register. The largest multiple that is smaller
than the remainder is subtracted from the remainder. The resulting quantity is left
shifted three binary or one octal position and entered into the Remainder Register,
The number of the multiple chosen (Pick Number) becomes the first quotient digit.

Pencil and paper method:
0.6000 0000 0000 0021
6000 0000 0000 0000 | 4400 0000 0000 0015. 0000 0000 0000 0000
0000 0000 0000 0000

4400 0000 0000 0015 0
4400 0000 0000 0000 O

The same division as performed 15 0000 0000 0000 000
by the functional unit: 14 0000 0000 0000 000

Dividend (Xj) = 4400 0000 0000 0015 1 0000 0000 0000 0000
6000 0000 0000 0000

2000 0000 0000 0000

Divisor (Xk) = 6000 0000 0000 0000
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The multiplication network forms:

Xk = 6000 0000 0000 0000
2Xk =1 4000 0000 0000 0000
3Xk = 2 2000 0000 0000 0000
4Xk = 3 0000 0000 0000 0000

5Xk = 3 6000 0000 0000 0000
6Xk = 4 4000 0000 0000 0000
7Xk = 5 2000 0000 0000 0000

The dividend enters the remainder register.

RMDR = 0 4400 0000 0000 0015

Initially, the quotient shift register has contents: XXXX XXXX XXXX XXXX
The 17 iterative operations are performed as follows:

(1) Compare RMDR vs Xk through 7TXk:
RMDR is smaller than any of them.
Enter octal digit "'0" in shift register:
Quotient = XXXX XXXX XXXX XXXO0 (The quotient is left shifted
one octal digit each clock period.) Enter chosen digit (in this
example a 0) in control module this iteration only.
Enter RMDR-0 and left shift three:

RMDR = 4 4000 0000 0000 0150<becomes a 4 if instruction 45
(only in this iteration)

enter 0 since left shift three

(2) Compare RMDR vs Xk through 7Xk: 6Xk< RMDR< 7Xk

Enter second octal digit: QUOT = XXXX XXXX XXXX XX06

Enter RMDR-6Xk and left shift three: RMDR = 0 0000 0000 0000 150(
(3-14) In the next 12 iterations, an octal digit 0 is picked, and the quotient and re-

mainder are left shifted three binary places each clock period.
RMDR = 0 1500 0000 0000 0000
QUOT = XX06 0000 0000 0000

(15) Compare RMDR vs Xk through 7Xk: RMDR <Xk
Enter octal digit 0: QUOT = X060 0000 0000 0000
Enter RMDR-0: RMDR = 1 5000 0000 0000 0000
(16) Compare RMDR vs Xk through 7TXk: 2Xk<RMDR<3Xk
Enter octal digit 2;: QUOT = 0600 0000 0000 0002
Enter RMDR-2XK: RMDR = 1 0000 0000 0000 0000
(17) Compare RMDR vs Xk through TXk: in RMDR< 2Xk
Enter octal digit 1: QUOT = 6000 0000 0000 0021
Discard remainder and transmit quotient to Xi Register,
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SECONDARY BLOCK DIAGRAM
EXPONENT AND CONTROL NETWORKS

The operand exponents, bits 48-59 of Xj and Xk, are gated into the input registers on
the KR module during CP01 and are held there until the end of CP18. The sign bits,
bits 59, are sensed and the exponents are individually complemented, if negative.

The subtraction of the exponents is performed by the DO and DP modules. During
CP04 the subtraction process uses an overflow correction factor that was determined
by the first coefficient iteration in CP02. The exponent is formed and held while the
sixteen succeeding coefficient iterations occur. If the first octal digit picked in the
DD module is a one, the overflow bit will be a one and 57 8 will be the correction
factor. Otherwise the overflow bit will be a zero and BGa will be the correction
factor. The exponent generated is the result of the divisor exponent and the correction
factor being subtracted from the dividend exponent. This is accomplished by comple-
menting the dividend exponent and adding it to the divisor exponent and the correction
factor. The sum generated by the DO and DP modules is the complement of the de-
sired result. The output is complemented on the DS module to give the desired result.

The special case determination is shared by the DO and DP modules. The DQ module
times the divide sequence and controls the data flow. The output registers for both
the exponent and coefficient are on the DS and DR modules. The quotient coefficient
is entered into the output registers three bits at a time. Every clock period the
coefficient is left shifted three places and three new bits are entered. When the full
coefficient is assembled in CP19, both the exponent and the coefficient are gated to
the Xi Register.

5-368
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SECONDARY BLOCK DIAGRAM
COEFFICIENT NETWORKS

The divide coefficient networks form the quotient of two 48-bit integers. The dividend
is Xj; the divisor is Xk; the quotient is Xi. If Xj and Xk are normalized, Xi is normal-
ized. The quotient coefficient is formed three bits (one octal digit) per clock period in
the same manner as a pencil and paper octal divide. The quotient may have the form
0. XXXX XXX XXXX XXXX or 1. XXXX XXXX XXXX XXXX. If the dividend exceeds
the divisor by a factor of two or more, a divide fault condition exists and the quotient
formed by the coefficient network is ignored. A special case exponent is formed by
the X Register Input Control, in this case. A divide fault can occur only if the divisor
is not normalized.

For example, in doing a pencil and paper divide the first digit of the quotient is a zero
because the dividend is smaller than the divisor.

0. 4310 0000 0000 0016

7254 0000 0000 0000 [4015 3140 0000 0015. 0000 0000 0000 0000
3526 0000 0000 0000 0

267 3140 0000 0015 00
260 0400 0000 0000 00

7 2540 0000 0015 000
7 2540 0000 0000 000

15 0000 0000 0000 000
7 2540 0000 0000 000

5 5240 0000 0000 0000
5 4010 0000 0000 0000

1230 0000 0000 0000

The second digit is chosen by comparing multiples of the divisor with the first 17 digits
of the remainder. The zero to the right of the dividend is now considered part of the
remainder., Since the divisor is now smaller than this new quantity (4015 3140 0000
0015 0), the second digit is not a zero. Since four times the divisor is less than or
equal to the remainder and five times the divisor is greater than the remainder, a
four is chosen as the next quotient digit. Four times the divisor is now subtracted
from the remainder. This difference must be less than the divisor. (If the difference
was greater than the divisor, five times the divisor would be less than the remainder.)
A zero is added to the right of the difference and the process of comparing this new
remainder with the multiples of the divisor and subtracting is repeated. The process
is continued until seventeen octal digits are formed for the quotient coefficient.
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The following paragraphs describe how the Divide Unit forms the same quotient
coefficient.

The networks used in forming the quotient coefficient are:

Input Registers -- Receive divide operand coefficients

Multiplication Networks -- Form multiples of divisor (1Xk - 7Xk)

Trial Subtraction Network -- Subtracts multiples of divisor from dividend
(first iteration), or from remainder (all
other iterations) to determine which multi-

ples are larger,

Partial Subtraction Network -- Subtracts multiples of divisor from dividend
(first iteration), or from current remainder
(all other iterations) to begin forming the

next remainder.

Final Subtraction network -- Performs final subtraction of the largest
multiple that is smaller than the current
remainder. The output is a quotient digit

(Pick Number) and the new remainder,

INPUT REGISTERS

In the clock period following instruction issue (CP01) the two operands are gated into
the coefficient input registers; Xj on the DI modules, Xk on the DJ modules. For the
purposes of this explanation, the dividend Xj = 4015 3140 0000 0015. The divisor

Xk = 7254 0000 0000 0000.

The dividend (Xj) is complemented and entered into the 51-bit Remainder register on
the DA, DB, DC, DD, and DE modules. Bits 48-50 are initially zeros. The divisor
(Xk) is sent to the Multiplication network.
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MUESTIPTICATHON NIETWOILIK

The Multiptication networlk on the DS, DE, DM, amd DN modules Tarms Seven multiples

of te dlivisor (Xk).  Fhe moltiples fTormed aee:

Xk 0 7254 D000 DOOO DOOO
2Xk 1 G530 0000 ODDD 0000
AXk 2 G004 0ooo 0ooo oo
ANl W h2GO 00Do  0non 0000
GXk 4 Ahd4 0000 oobh nooo
Xk 5 4010 000D O0DOD OOOO
TXk 6 3264 0000 0000 OO0D

The multiples aree used by both the Fiest Stage Peial Subteaetion network and the

Ieital Subteaction network,

TRIAL SUINTRACTION NITWORK

The Preinl Subltenction network sublracts ench ol the seven multiples of the divisor
From the dividend (Ffiest iteration) or the remainder (@l othere iterations), 17 o sub-
Leaetion produces end around borcow (A1), that multiple is laeger than the remainder
(o dividend), The divide unit genses all seven BAB bits to determine which, il any,

ol the multiples are leger than the remainder,

The Fiest iteeation takes place in CP02,  Mor the opereands chosen, in this iteration
all seven KA bits are ones, indicating thal all seven multiples are larger than the
remainder,  In this case o z2ero is Uie Pick Nomber geneeated on the DD module and
eolered into the shilt register (058 modale) as Do Tiest gquotient digit,  The remainder
s Lelt shifted one octal digit (three bit positions) and re-enterad into the Remainder
register. Hils O = 2 are now veros,  This shifting and enteving zeros into the three
lowest hits coveesponds to adding o zevo on tie vight of the dividend in the pencil and

paaper dlivide,
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In C:1°03 the second iteration takes place., Once again each of the seven multiples is
subtracted [rom the remainder by the Trial Subtraction network, The seven EAB

bits are sensed by the 1Minal Subtraction network., In this iteration the EAB bits for
ranks 1 - 4 are zeros and the EARB bits for ranks 5 - 7 are ones. (Rank refers to the
multiple involved. Thus a Rank 4 EAB bit refers to an EAB bit generated by subtract-
ing 4Xk from the remainder). The DI) module generates a 4 as the Pick Number
because rank 4 is the highest rank with a zero EAB bit,

The 'I'rial Subtraction network has two stages: the first stage is on the DA, DB, DC,
D, and DE modules; the second stage is on the DF and DG modules.

FIRST STAGE TRIAL SURTRACTION NETWORK

The Kirst Stage Trial Subtraction network receives the remainder, which is held on
the same modules, and the seven multiples of the divisor (Xk through TXk) from the
multiplication networks on the DK, DL, DM, and DN modules. The multiples are
subtracted [rom the remainder to generate group borrows out and group enables.

The group borrows out and the group enables are transmitted to the Second Stage
Trial subtraction network (DF and DG modules), Since borrows cannot be propagated
through bits 0 - 2, the C module does not generate any group 0 enables. The group
0 borrows generated by the 1DC modules are transmitted to both the Final Subtraction
network and the Sccond Stage Trial Subtraction network.

SECOND STAGE TRIAL SURTRACTION NETWORK

One DF module and one DG module handle each rank of the Second Stage Trial Sub-
traction. Each module in the Second Stage network generates an EAB bit for its rank.
llowever, for a particular rank, the EAB generated by the DF module is the duplicate
of the XA generated by the associated DG module. The DF modules transmit their
EAI bits to the Final Subtraction network on the DA and DD modules. The DG
modules transmit their EADB bits to the Final Subtraction network on the DB and DE
modules,
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Each module also generates a group borrow input for seven groups, The DF modules
generate borrows for seven different groups than the DG modules. These group
borrow inputs are transmitted to the Final Subtraction network on the DA, DB, DD
and DE modules where they will be used with inclusive bit enables from the Partial
Subtraction network to form the Pick Number and the new remainder.

PARTIAL SUBTRACTION NETWORK

In the pencil and paper divide 4Xk was subtracted from the remainder. In the divide
unit the remainder is complemented and added to 4Xk, The resulting sum is comple-
mented to produce the desired difference. In effect, the divide unit forms - (-RMDR +
4Xk) instead of (RMDR - 4Xk). The inclusive bit enables for the intermediate sum

are formed by the Partial Subtraction network on the DH modules, The complemented
remainder is received from the DC and DA modules. The seven multiples of the divisor
from Xk to 7Xk are received from the multiplication network on the DK, DL, DM,

and DN modules.

Each DH module adds one digit of the complemented remainder to the corresponding
digit of each of the seven multiples. Possible carries between digits are ignored by
the Partial Subtraction network, but possible carries between bits are processed.
The resulting sums are the inclusive bit enables for ranks 1 - 7. The inclusive bit
enables for rank 0 are the true remainder bits. All the inclusive bit enables are left
shifted one digit on output from the DH modules.

The inclusive bit enables for ranks 1 - 7 go directly to the Final Subtraction network
on the DA, DB, DD, and DE modules. The rank 0 inclusive bit enables (true
remainder) are transmitted to the DI and DQ modules. The DI and DQ modules choose
either the dividend or the true remainder as the rank 0 inclusive bit enables, In

CPO1 the dividend is chosen; in CP02 - CP17 the remainder is chosen. Whichever
quantity is chosen, the 51 inclusive bit enables are complemented as they are trans-
mitted to the Final Subtraction network on the DA, DB, DC, DD and DE modules.

60297600 A

FINAL SUBTRACTION NETWORK

The Final Subtraction networks adds the group borrow inputs from the Trial Subtrac-
tion network to the ranks 1 - 7 inclusive bit enables from the Partial Subtraction
network and the rank O inclusive bit enables. Thus:

RMDR

+4Xk RMDR
_— -4Xk

Inclusive Bit Enables Results of Partial Subtraction network DIFF
+ Group Borrows Results of Trial Subtraction network

DIFF Results of Final Subtraction network
DIFF Complemented to become DIFF

Divide Unit Pencil and Paper

In the pencil and paper divide a zero is added on the right of the DIFF before the
next iteration takes place (before the next digit is picked). In the divide unit the
DIFF is left shifted one digit and entered into the Remainder register and bits 0 - 2
become zeros. (The right-most digit becomes a zero).

In the divide unit the DIFF is left-shifted before it is entered into the Remainder
register. The left shifting is accomplished by left shifting the inclusive bit enables
and the group borrow inputs before the final subtraction. The inclusive bit enables
for bits 0 - 2 are forced to ones., Thus, when the Difference is complemented these
bits become zeros.

The Final Subtraction network translates the seven EAB bits to determine which
multiple was chosen this iteration and gates the Difference for that multiple only to
the Remainder register. A translation network on the DD module translates the EAB
bits to extract the Pick Number for this iteration and sends it to the coefficient shift
register on the DS module,

This process continues until CP18, when the seventeenth iteration takes place. In
CP19 the iteration network goes through the motions of forming another quotient,
but the output is ignored.
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DETAILED-MODULES DIAGRAM
EXPONENT, OUTPUT, AND CONTROL

EXPONENT MANIPULATION

INPUT REGISTERS

The data input registers for both operand exponents, bits 48-59, are on the KR module,
These registers are of the clear enter type. They are cleared and new data is entered
every clock period in which the control signal is a one. The data that is in the registers
when the Divide Busy flag sets is held statically for the seventeen clock periods during
which the flag remains set. Bit 59 of Xj and bit 59 of Xk are sensed and the exponents
(bits 48-58) are individually complemented if they are negative, The KR output goes

to the DO module (bits 48-58) and the DP module (bit 59).

EXPONENT FORMATION

The exponent subtraction occurs while the coefficient is being formed. The quotient
exponent is held statically until the quotient coefficient is completely assembled,

The exponent subtraction network, comprised of the Preliminary and Final addition
networks, is on the DO and DP modules. Instead of subtracting the divisor exponent
and the correction factor from the dividend exponent, the dividend exponent is comple-
mented and added to the divisor exponent and to the correction factor (CF). The
correction factor is determined in CP04 by bit 0 (overflow bit) of the first quotient
coefficient digit. The resulting sum (Exponent) is complemented on output by the DS
module to obtain the quotient exponent. In effect the exponent network forms - (-Xj +
Xk + CF) instead of (Xj - Xk - CF).

The exponent addition is performed in two halves. The network that performs the
preliminary exponent addition is on the DO module; the final exponent addition network
is on the DP module. The bias is removed from both exponents on input to the DO
module. The exponents and the correction factor are then added. If the Overflow

bit from the DQ module, bit 0 of the first iteration, is a zero, the quotient is of the
form 0. XXXX XXXX XXXX XXXX and the correction factor is BOB' If bit 0 of the
first iteration is a one, the quotient is of the form 1. XXXX XXXX XXXX XXXX, and
the correction factor is 57g. The result of the first half addition is a bit carry and

a bit enable for each position. These bits are transferred to the final exponent
addition network on the DP module,
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The Final addition network combines the carries and enables in a 13-bit mode. The
two extra bits are formed by sign-extending the exponents. The upper three bits of
the 13-bit sum are sensed to detect special case conditions. Exponent bias is added,
then the lower eleven bits of the sum are transferred to the output network on the DS
module,

The sign of the quotient is formed by a network on the DP module and is sent to the

X Register Input Control. This sign bit is the logical difference of the two operand
sign bits. A network on the DO module checks for operand exponent overflow, under-
flow, and indefinite exponents. The rest of the special case checks are performed on
the DP module, If any special case exists the special case signal to the DQ module
will be a one, in which case a quotient of all ones will be sent to the X Register.

The three signals to the X Register Input Control specify which, if any, of the special
case conditions exist,

SPECIAL CASE

A number of special cases are treated in the Floating Divide Unit. If any special case
conditions exist the Special Case signal from DP to the DQ module becomes a one.
The Go Divide Special Case signal from DQ to the X Register Input Control becomes a
one and the specific condition is indicated by the exponent Indefinite, Overflow, and
Underflow signal from the DP module. In any special case condition the transmission
of data from the Divide Unit output registers to the destination X Register is blocked.
The Gate Quotient signal from DQ to DS remains a zero, forcing the exponent output
registers to transmit all ones, The Gate Output signal (which is the Gate Quotient
signal delayed one clock period) forces the coefficient output registers to transmit all
ones. Thus a quotient of all ones is delivered to the X Register and the input control
forms the particular special case word (see Appendix B, Pub No. 60258200 for a
table of special case operands). The special condition flags cause the appropriate
error condition flag to be set in the PSD Register.

If no special case conditions exist the Special Case signal from DP to DQ remains a
zero, The Go Divide Special Case signal to the X Register Input Control is a zero
and the Gate Divide and the Gate Quotient signals are ones. The Gate Quotient signal
gates the guotient output.
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SPECIAL CASE OPERANDS

One category of special case conditions involves overflow, underflow, or indefinite
operand values, These situations are sensed in the DO module, The combinations of
special operand values which cause specific results are sensed on the DP module.

If either operand is indefinite, or if both operands are indefinite, the result is
indefinite. The operand coefficients are ignored in this case, and the resulting word
delivered to the Xi Register is positive indefinite with a zero coefficient. The Indefinite
Condition flag is set in the PSD register for this case.

If Xj has an overflow exponent and Xk is in floating point range or has an underflow
exponent, the result is a complete overflow word delivered to the Xi Register. The
coefficients of the operands are ignored in this case, and the result is a zero
coefficient. The sign of the result is calculated in the same manner as for operands
in range. The Overflow Condition flag is set in the PSD register for this case.

If Xj has an underflow exponent and Xk is in [loating point range or has an overflow
exponent, the result is a complete underflow word delivered to the Xi Register. The
coefficients of the operands are ignored in this case, and the result is a zero word,
The sign of the result is calculated in the same manner as for operands in range.
The Underflow Condition flag is set in the PSD register for this case.

If Xk has an overflow exponent and Xj is in floating point range the result is a complete
underflow word delivered to the Xi Register. The coefficients of the operands are
ignored in this case, and the result is a zero word. The sign of the result is
calculated in the same manner as for operands in range. The Underflow Condition
flag is set in the PSD register for this case.

If Xk has an underflow exponent and Xj is in floating point range the result is a
complete overflow word delivered to the Xi register. The coefficients of the operands
are ignored in this case, and the result has a zero coefficient, The sign of the result
is calculated in the same manner as for operands in range, The Overflow Condition
flag is set in the PSD Register for this case.

The combination of operand exponents of overflow divided by overflow and underflow
divided by underflow result in a positive indefinite word with a zero coefficient
delivered to the Xi Register. The Indefinite Condition flag is set in the PSD Register
for this case.
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SPECIAL CASE QUOTIENT

A second category of special cases occur if there is an underflow, or an overflow, of
the floating point exponent range during the exponent calculation in the Divide Unit.

In these cases the special case result is indicated to the X Register Input Control unit,
and the output from the Divide Unit is blocked in the same manner as for the special
case operands,

A complete overflow occurs for this instruction whenever the exponent computation
results in an exponent greater that +1777 octal (unbiased). If any combination of

operand exponents causes an indefinite condition, the overflow situation is ignored.
Otherwise this situation is sensed as a special case and a complete overflow word

with proper sign, overflow exponent, and zero coefficient is delivered to the Xi Register,
The coefficient calculation is ignored for this case, and the Overflow Condition flag

is set in the PSD Register,

A complete underflow occurs for this instruction whenever the exponent computation
results in an exponent less than -1777 octal (unbiased)., If any combination of operand
exponents causes an indefinite condition, this underflow situation is ignored. Other-
wise this situtation is sensed as a special case, and a complete zero word with proper
sign is delivered to the Xi Register. The coefficient calculation is ignored in this
case, and the Underflow Condition flag is set in the PSD Register.

SPECIAL CASE -- DIVIDE FAULT

A third special case category occurs if the dividend coefficient is larger than the
divisor by a factor of two or more. This is a divide fault situation which can occur
if the divisor is not normalized, The initial trial subtraction in the coefficient
calculation results in an octal digit with a value of two, If an overflow or underflow
condition does not exist, an indefinite condition result is indicated for this case,
and it is treated in the same manner as the other special cases.

If an overflow or an underflow condition does exist, the divide fault situation is ignored,
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PARTIAL OVERFLOW OR UNDERFLOW

A partial overflow occurs for this instruction whenever the exponent computation
results in exactly +1777 octal (unbiased). There are no error condition flags set in
the PSD Register for this case, and the result is delivered to the Xi Register ina
normal mannér, Subsequent use of this result as an operand in a floating point unit
may, however, result in overflow detection,

A partial underflow occurs for this instruction whenever the exponent computation
results in exactly -1777 octal (unbiased). There are no error condition flags set in
the PSD Register for this case, and the result is delivered to the Xi Register ina
normal manner, Subsequent use of this result as an operand in a floating point unit
may, however, result in underflow detection, y

OUTPUT

The Exponent Output register is on the DS module. The complemented 11-bit biased
quotient exponent is delivered from the DP final addition network. In CP18 a Gate
Quotient signal from the DQ module enables a clock gate so that the exponent will
enter the output register. The exponent is complemented on output because the
exponent network forms the complement of the quotient exponent.

Since a positive quotient is delivered to the X Register, bit 59 is entered as a zero,

The absence of a Gate Quotient signal in CP18 indicates that one of the special case
conditions exists, in which case, an exponent of 12 ones is delivered to the X register,
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The quotient coefficient is assembled three bits per clock period in the 48-bit shift
register. In each of CP03-CP19 an octal digit is delivered from DD to DS, After 17
iterations, the DS module has bits 0-2 and 45-47; the two DR modules have bits 3-44.
Every clock period the quotient is left shifted three places, three new quotient bits
from DD enter from the iteration network, and the upper three bits are discarded.
After 17 iterations the shift register contains 48 bits of data. Bits 0 and 1 of the
octal digit formed in the first iteration are stored in the DQ module, Ifbit 1isa
one, a Divide Fault condition (The dividend exceeds the divisor by a factor of two or
more) exists, If this condition or any other special case condition exists, the Gate
Quotient signal will remain a zero and the delivery of the quotient will be blocked.
As a result a coefficient of all ones will be on the lines to the X Register in CP19,

If bit 1 is a zero and no other special case conditions exist, the Gate Quotient signal
will become a one in CP18 and the quotient coefficient will be delivered to the X
Register during CP18,

If bit 0 of the [irst iteration digit is a zero, the quotient is of the form 0, XXXX XXXX
XXXX XXXX. In this case a correction factor of 48 is subtracted from the exponent,
the overflow bit is a zero, and the 48 bits in the shift register are delivered to the X
Register,

If bit 0 of the first iteration digit is a one, the quotient is of the form 1, XXXX XXXX
XXXX XXXX. In this case a correction factor of 47 is subtracted from the exponent,
The Overflow bit becomes a one, causing a one-bit right shift of the coefficient output.
The upper 47 bits in the shift register are delivered to the X Register as bits 0-46,

In this case the bit 47 output is blocked. Therefore bit 47 is entered as a one. All
outputs are timed to occur in CP19,
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CONTROL

The divide sequence control on the DQ module times the entire divide instruction.
The clock periods on the left of the Divide Sequence Control box indicate the times
that a significant signal arrives at the module. The times on the right are the clock
periods of departure of significant signals,

The three Remainder bits are part of the coefficient iteration network. They are used
as rank 0 bit enables in the DD and DE modules.

The Special Case signal indicates a special case exponent. The Gate Divide and Go
Divide signals go to the X Register Input Control to gate in the appropriate data.
The Gate Quotient signal causes the quotient to be delivered in CP19,

The Begin Sequence signal initiates the divide timing sequence. The Divide Fault
signal is bit 1 of the first coefficient iteration digit, This bit is sent to the DP
module where it forces a Special Case condition if it is a one.

The Overflow bit is bit 0 of the first coefficient iteration digit. This bit goes to the
DO module where it determines the correction factor. It also goes to the DR and

DS modules where it determines which 48 bits of the coefficient are delivered to the
X Register,

The Divide Round flag (h0) is set in the Floating Divide Unit at the end of a clock
period in which a Round Floating Divide instruction issues from the CIW register.
This flag modifies the dividend in the third clock period of instruction execution. An
octal digit with a value of four is entered in the lowest order bits of the remainder
register if this flag is set. This occurs only for the one clock period. Zero bits

are entered in these bit positions during all other clock periods in the divide sequence.
This modification of the dividend has the effect of increasing the dividend value by

one half of the least significant bit in the original operand.
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The circulate Remainder signal goes to the four DI modules where it gates the current
remainder to the Final Subtraction network. When this signal is a zero, the contents
of the Dividend Input register are gated to the Final Subtraction network.

The Release Remainder signal goes to the DD and DE modules. It allows the iteration
network to generate a three through a seven. When this signal is a zero, no digit
greater than a two can be generated by the iteration network. This signal is a one

on the DQ module from CP02 through CP17.

The Time 13 condition originates in the divide sequence control and is used in the
SCM access control. This static condition exists during the 14th clock period of
execution (The Divide instruction issues during CP00. Thus CP13 is the 14th clock
period of instruction execution) for a divide instruction. It is used in the SCM access
control to block initiation of a SCM storage reference that would conflict with the
delivery of data from the divide unit to the X Register data input path.

The Divide Time 15 condition originates in the divide sequence control and is used in
instruction issue control and in the X Register Access Control Unit. This static
condition exists during the 16th clock period of execution for a Divide instruction.

It is used in the instruction issue control to block issue of an instruction which would
conflict with the delivery of data from the divide unit to the X Register data input
path. It is used in the X Register access control to initiate the process of register
access for the destination X Register,

The Clear Divide Busy condition originates in the divide sequence control and is used
to clear the Divide Busy flag. This static condition exists during the 18th clock
period of execution for a divide instruction.
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DETAILED-MODULES DIAGRAM
DIVISOR MULTIPLICATION NETWORK

The divisor (Xk) coefficient input registers are on the four DJ modules. Each DJ
module handles 12 bits. Every clock period a 48-bit quantity from the X register
arrives at the DJ modules, The sign bit (bit 58) is delivered along with the coefficient,

The registers are of the clear enter type which are cleared and new data entered every

clock period in which the Enter Xk control signal is a one. When the divide instruction
issues on CPO00 the Enter Xk is a one, The signal becomes a zero in CP01 and
remains a zero until CP18. The data that arrives at the input register in the clock
period of instruction issue (CP00) is entered into the register at the end of CP00

and held statically until the end of CP18 when a new quantity is gated into the

register. This data is used in executing the divide instruction,

The Divide Unit uses the coefficient magnitude of the operands in executing the divide
instructions. Therefore the coefficient must be complemented if it is negative. If
the sign bit is a one the operand is negative.

The Xk coefficient magnitude is delivered statically to the multiplication network
while the divide process proceeds, The DK, DL, DM, and DN modules form the
seven multiples of the divisor coefficient from Xk to TXk.

3Xk ADDER

A network on the DK and DN modules creates a 50-bit quantity 3Xk, and from this
quantity forms 6Xk. Bits 0-47 of 3Xk are created on the four DK modules, 12 bits
to a module. The 12 bits on a DK module are called a section and are referred to
as bits Nto N+ 11. Bits 48 and 49 are created on the DN module.

Each DK module receives 13 bits of Xk from the divisor input registers on the DJ
modules, These bits are used by a DK module as both Xk and 2Xk. 2Xk is formed
by left shifting Xk one bit position. The 13 Xk bits received are bits N-1 to N + 11.
Of these bits N-1 to N+ 10 are used as 2Xk bits N to N+ 11, Note: N+ 11 in one
section is N-1 in the next higher section. For example:
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1
2Xk: 4 4 1 3
Used on next higher module as N-1

The four DK modules form 3Xk by adding bits 0 - 47 of 2Xk to bits 0 - 47 of Xk. A
Preliminary Adder on each DK module generates Section Carries and Section Enables.

The DN module receives the four Section Carry bits and three Section Enables from
the DK modules and performs carry propagation checks on each section., The carry
out of Section 4 (to bit 48) is added to Xk bit 47, which left-shifted one place is
considered to be 2Xk bit 48, The sum of this bit and the Section 4 Carry bit produces
bits 48 and 49 of 3Xk.

The other three Section Carries are fed back into the Final Add network on the DK
modules to produce 3Xk bits 0 - 47.

6Xk NETWORK

§Xk is formed from 3Xk by left shifting one bit position. The multiples are sent to
Partial Subtraction and Trial Subtraction networks. Each module in the two subtraction
networks handles a three bit group. Therefore each module needs three bits of 3Xk
and three bits of 6Xk. The multiplication network sends four 3Xk bits to each module.
These bits are labeled bits N-1 to N+ 2, Bits N-1 to N+ 1 of 3Xk are used by the

DA and DH modules as bits N to N + 2 of 6Xk. This is equivalent to left shifting

one bit or multiplying by two.
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5Xk ADDER

The network that forms 5Xk is on the DL and DN modules, 4Xk is formed by left-
shifting Xk two places; 5Xk is formed by adding Xk to this quantity. 5Xk is a 51-bit
quantity. The DL modules generates bits 0-47; the DN module generates bits 48-50,
Each DL module receives 14 bits of Xk and outputs 12 bits of 5Xk. The 14Xk bits
are left shifted two places to form bits N to N + 11 of 4Xk.

N+ 11 N-2
Xk: |6 1 2 6
Xk input: \1‘30 ‘001" 010" 1107 01
4Xk: 0 5 3 1

Used on next higher module as N-1 and N-2,

Bits N-2 to N + 9 of Xk are used as bits N to N + 11 of 4Xk. These bits are added to
bits N to N+ 11 of Xk to form 5Xk. Thus 5Xk is formed by adding 4Xk to Xk. The
section carry and enable bits are used in exactly the same manner as in forming
3Xk. The DN module is also used in the same manner as in forming 3Xk,

7Xk SUBTRACTER

The subtractive network that forms 7Xk is on the DM and DN modules. First, 8Xk is
formed by left shifting Xk three places. Then 7Xk is formed by subtracting Xk from
this quantity. The DM modules generates bits 0-47; the DN module generates bits
48-50. FEach DM module receives 15 bits of Xk and outputs 12 bits of 7Xk. The

15Xk bits are left shifted three places to form bits N to N + 11 of 4Xk.
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N+ 11 N-3
Xk: |2 3 4 5 l

- —— "
Xk input: 010, ,011, 100, 101, 001,
8Xk: 3 4 5 1

Used on next higher module as N-1 through N-3,

Bits N-3 to N + 8 of Xk are left shifted to become bits Nto N + 11 of 8Xk. Bits N to
N + 11 of Xk are then subtracted from these bits. Thus TXk is formed by subtracting
Xk from 8Xk. The section borrows and enables are used in the DN module in the
same manner as the section carries and enables were used in forming 3Xk and 5Xk.

Xk, 2Xk, and 4Xk NETWORKS

The networks that form Xk, 2Xk, and 4Xk are on the DK, DL, and DM, modules,
These multiples are formed by left shifting the 48 Xk bits, 2Xk is formed by left
shifting Xk one bit position and has 49 bits. 4Xk is formed by left shifting Xk two bit
positions and has 50 bits, These three multiples are supplied to the Trial Subtraction
network and the Partial Subtraction network.
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DETAILED- MODULES DIAGRAM
ITERATION NETWORK

TRIAL SUBTRACTION NETWORIK

The Trial Subtraction network determines which of the multiples of the divisor are
larger than the current remainder. The Trial Subtraction network also generates a
borrow into every three-bit group. The Trial subtraction occurs i two stages.

FIRST STAGE TRIAL SUBTRACTION NETWORK

The First Stage Trial subtraction network generates a borrow and an enable for each

three-bit group. The [irst stage network is on the DA, DB, DC, DD, and DE modules.

Each module in this network handles three bits -- one octal digit. Each of the seven
multiples of the divisor is subtracted from the remainder., The rank of a subtraction
refers to the multiple being subtracted. Thus, the rank 5 subtraction network
subtracts 5Xk from the remainder. The DC module handles group 0 (bits 0-2) of all
seven ranks. The fifteen DA modules handle groups 1-15 (bits 3-47) of ranks 3, 6,
and 7. The DD module handles group 16 (bits 48-50) of ranks 3, 6, and 7. The
filteen DB modules handle groups 1-15 (bits 3-47) of ranks 1, 2, 4, and 5. The DE
module handles group 16 (bits 48-50) of ranks 1, 2, 4, and 5.

The data for the First Stage Subtraction comes from two sources. The remainder is
held within each module from the Final Subtraction on the previous iteration,

Each module in the First Stage Trial Subtraction network handles a three-bit group --
one octal digit. The remainder digit is compared with each of the multiples on a
module. If a remainder digit is the same as a multiple digit, the enable for that
group and that multiple digit is larger than that remainder digit. The DC module
does not generate any enables since no borrow can be propagated through bits 0-2,

The control signals into the DD and DE modules can force the rank 1-7 group 16
borrow out bits to be ones. If these borrow bits are ones, the EAB bits for the
corresponding ranks are ones, and rank 0 is selected for the final subtraction. The
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Release Remainder signal from the DQ module into the DD and DE modules forces the
rank 3-7 group 16 borrow out bits to ones. The Release Rank 1, 2 Borrows signal
into the DE module from the LE module forces the rank 1 and 2 borrow out bits to
ones, These signals are used in CP01 and CP02,

In CP01 both signals are zeros; the rank 1-7 group 16 borrow out bits are all ones
the rank 1-7 EAB bits are all ones; the Final Subtraction network selects rank 0 for
the final subtraction; the dividend is selected by the DI modules as the rank 0 bit
enables; and the dividend is gated into the Remainder Register,

In CP02, the DD and DE modules receive the Release Remainder signal from the DQ
module, This signal was set to a zero by the DQ module in CP01. The DD and DE
modules complement this signal to a one and use it to force the rank 3-7 group 16
borrow out bits to ones. This causes the rank 3-7 EAB bits to be ones and the Final
Subtraction network selects one of the ranks 0, 1, or 2 for the Final Subtraction,
Thus, if the dividend exceeds the divisor by a factor of two or more the DD module
generates a two as the first quotient digit.

SECOND STAGE TRIAL SUBTRACTION NETWORK

The outputs of the First Stage Trial Subtraction network go to the Second Stage Trial
Subtraction network on the DG and DF modules., The Second Stage Trial Subtraction
network determines which multiples of divisor are larger than the remainder and
generates borrows into all groups for every rank, Each of the seven DF modules
handles a different one of the seven ranks, The same is true of the seven DG modules,
One DF module and one DG module together handle one rank.

The DF and DG modules receive identical inputs. Each module in the second stage
network receives 17 borrows, one from each of the 17 groups, and 16 enables, one
from each of 16 groups. All the inputs to one module pertain to the same rank.
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The second stage network determines which multiples are larger than the remainder.
If remainder is smaller than the multiple, that rank subtraction will generate an end
around borrow (EAB). Each DF and each DG module generates an EAB bit for its
rank, If the EAB bit for a particular rank is a one, the remainder is smaller than
the multiple. If this EAB bit is a zero, the remainder is greater than or equal to the
multiple. These bits are sensed in the Final Subtraction network to determine which

multiple to use for the Final Subtraction. The DF bit goes to every DA and DD module.

The DG bit goes to every DB and DE module, The EAB bit generated by the DE
module is a duplicate of the EAB bit generated by the DG module, This duplication
is simply an additional means of fanning out the EAB bit to all the destination modules.

The Second Stage network generates a borrow into groups 3-16 for each rank. Each
DF module generates borrows into groups 3, 5, 7, 9, 11, 13, and 15 for its rank,
Each DG module generates borrows into groups 4, 6, 8, 10, 12, 14, and 16 for its
rank. The DF and DG modules generate the group borrow inputs for each group in the
normal fashion, However, in transmitting the group borrow inputs to the destination
DA, DB, DD, and DE modules the group borrow inputs are left shifted one group

to align them properly with the inclusive bit enables from the DH modules. Thus,

instead of generating a group borrow into group 8, the following conditions will generate

a borrow into group 9: group 7 generated a borrow out; group 6 generated a borrow
out and group 7 generated an enable; any of groups 0-5 generated a borrow and all
the higher groups (up to and including group 7) generated an enable,

PARTIAL SUBTRACTION NETWORK

The Partial Subtraction network provides the inclusive bit enables used in the Final
Subtraction. The Partial Subtraction network is on the 16 DH modules. Bits 0-47
are divided into 16 three-bit groups (ie. into 16 octal digits) with one digit per
module.
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The Partial Subtraction network receives the complemented Remainder from the
Remainder Register and seven multiples of the remainder from the Multiplication
network. The subtraction network combines the Remainder bits and the multiple bits
to generate inclusive bit enables. Each DH module adds the Remainder digit to each
of the seven multiples,

The outputs of the Partial Subtraction network go to the Final Subtraction network.
All the outputs from the Partial Subtraction network are left-shifted one octal digit
(i.e. three binary bits). The Remainder (rank 0 inclusive bit enables) is recomple-
mented to generate the true remainder bits, Remainder bits 45-57 are sent to the
DQ module and bits 0-44 to four DI modules, Because of the 3-bit left-shift these
bits are labeled bits 48-50 at the DQ module and bits 3-47 at the DI modules. The
results of the computation -- seven octal digits on each module -- are sent to the
Final Subtraction network on the DA and DB modules. The seven octal digits from
DH-E16 are sent to the DD and DE modules. Because of the left-shift these are
bits 3-50 enables,

The Remainder digits (rank 0 inclusive bit enables) go through an intermediate
network on the DI and DQ modules before they are transmitted to the final subtraction
network. The DQ module gates bits 48-50 to the Final Subtraction network in the DD
and DE modules in clock periods CP02 through CP17 only. The Circulate Remainder
signal in the DI modules chooses either the remainder bits 3-47 or the quantity in the
Dividend Register.

In CPO1 the dividend from the divide sequence is in the dividend register, In CPO1,
therefore, the complemented dividend is gated to the Final Subtraction network.
During CP02 thru CP17 the complemented remainder is gated to the Final Subtraction
network. In CP02-CP17 bits 0-2 are always zeros with one exception, Bit 2 will

be a one in CPO2 if the instruction is a round floating divide, All output bits (bits 0-47
from the DI modules and bits 48-50 from the DQ module) are complemented to become
rank 0 inclusive bit enables before transmission to the Final Subtraction network.
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During 2 round floating divide instruction, a round bit is added to the dividend which
has the effect of increasing the dividend by one half count. The effect this has on the
quotient will vary depending on the value of the divisor and on the truncation point in
the quotient. If the dividend is smaller than the divisor the quotient will be truncated
one bit position lower than if the dividend is equal to, or larger than, the divisor,
These effects cause the rounding to vary in the quotient from a value of 1/4 of the
least significant bit in the result to almost one. The average rounding bias over

the entire range of coefficient values is zero.

When a divide instruction is executed, the h0 (round) bit is held in the DQ (control)
module. I the instruction is a round floating divide instruction this bit will be a one.
If the instruction is a floating divide instruction this bit will be a zero, The DQ
module holds this round bit until CP02, when it is transmitted to the DI-F10 module,
This bit then becomes bit 2 of the rank 0 inclusive bit enables. Since bit 2 of the
rank 0 bit enables is normally a zero, the round bit has an effect only on round
instructions (when the round bit is a one), The DC module enters the rank 0 bit 0-2
enables into the Remainder register every clock period,

FINAL SUBTRACTION NETWORK

The Final Subtraction network picks one rank, completes that rank subtraction, and
gates the result into the remainder register, An octal digit (Pick Number) correspond-
ing to the chosen rank is gated into the quotient shift register. The Remainder is

then available to the First Stage Trial Subtraction network and the Partial Subtraction
network.

The Final Subtraction network is on the DA, DB, DD, and DE modules. The DA and
DB modules have identical final subtraction networks, as do the DD and DE modules.
The DA modules output Remainder bits to the Partial Subtraction network. The DD
module generates the Pick Number, Each module in this network handles a three-bit
group. The 15 DA and the 15 DB modules handle groups 1-15, bits 3-47. The DD and
DE modules handle group 16, bits 48-50, Group 0, bits 0-2 is handled in the DC
module and will be discussed later,
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The inputs to the Final Subtraction network come from the Second Stage Trial
Subtraction network and thePartial-Subtraction-network;—Each-module-in-the Pinal———
Subtraction network receives seven EAB bits, one for each rank. Each DA or DD
module receives one EAB from each of the seven DF modules, Each DB or DE
module receives one EAB from each of the seven DG modules. Each module in the
Final network receives a group borrow input for each of ranks 1-7 from the Second
Stagé Trial Subtraction network. DA-CO02 and DB-D02 receive group 0 borrows
(shifted left one group) from the DC module. All other modules in this network
receive inputs from a DF or a DG module, depending of the group handled. Each
module in the network receives three enable bits for each of the eight ranks. The
ranks 1-7 enables come from the DH modules, the rank 0 enables come from the DI
modules, The group 16 (bits 48-50) rank 0 enables come from the DQ module.

The data is combined to generate three remainder bits for each module, The EAB
bits are sensed, and the largest rank that did not produce EAB is used for the final
subtraction. The borrow bit for that rank is added to the octal digit and the sum is
complemented, The result is entered into the Remainder Register,

A network on DD module senses the EAB bits and generates a Pick Number., The
digit generated is the same as the rank chosen for the final subtraction. This digit
is entered into a register and sent from there to the coefficient Shift Register on the
DS module,

The DC module holds group 0, bits 0-2 of the remainder, In CPO1 bits 0-2 of the
dividend are entered into the Remainder register. In CP02-CP17, zero bits are
entered into bits 0-2. During a round floating divide instruction, a one is entered in
bit 2 in CP02. This bit increases the value of the dividend by one-half a count.

Bits 0-47 of the remainder are sent to the Partial Subtraction network. These bits
are transmitted from the DC and DA modules to the DH modules.
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DA MODULE

The 15 DA modules function in the First Stage Trial Subtraction and the Final Subtrac-
tion networks. These modules also hold 45 bits of the Remainder register, three bits
on each module.

In the First Stage Trial Subtraction network 3Xk, 6Xk, and TXk are subtracted from
the current Remainder. Bits 0, 1, and 2 of the remainder are contained in the EO,
El, and E2 flip-flops in the lower right hand corner of the drawing, The J60, J30,
J31, and J32 input terms on the left are bits N-1 to N+ 2 of 3Xk. Of these, J60, J30,
and J31 are also used as bits Nto N+ 2 of 6Xk. The J70, J71, and J72 input terms
are bits Nto N+ 2 of 7Xk. These 3Xk, 6Xk, and 7Xk terms are subtracted from the
remainder terms in the network on the upper right of the drawing. The output is

the group borrow out and group enable bits on the right of the drawing.

In the Final Subtraction network the bit enables from one of the eight ranks are added
to the group borrows from the same rank, the result is complemented and entered into
the Remainder Register. The -seven EAB bits, which are the N1 to N7 terms just to
the right of the J60 to J72 terms, are sensed to choose one or two ranks for the final
subtraction. The TO to T7 terms are the first part of the selection process. One

of the four terms TO0, T1, T2, or T3 is a one, and one of the terms T4, T5, T6, and
T7 is also a one, The network in the middle of the page performs the final subtraction
of the two ranks whose T terms are ones. The results of the two final subtractions
are complemented, If the N4 term is a one the result from one of ranks 4-7 is gated
into the remainder register. If the N4 term is a zero, the P4 term is a one and the
result from one of ranks 0-3 is gated into the Remainder Register., The terms used

in the final subtractions are the inclusive bit enable and the group borrows in the upper
left corner of the page. The three Remainder Bits are complemented and sent to a

DH module.
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60287600 A

DC MODULE

The DC module functions in the Trial Subtraction network. The seven divisor

multiples are subtracted from the remainder, The A0, Al, and A2 terms are inclusive

bit 0-2 enables, These terms are entered into the Remainder Register, F0, F1, and
F2 and E0, El, and E2 as Remainder. Since the bit enables are a}ll complements of
the remainder, the E and F terms are complements of the remainder,

The JXX terms represent the seven multiples. The J1X terms are Xk; the J3X terms
are 3Xk; the J5X terms are 5Xk; the J7X terms are TXk., 2Xk, 4Xk, and 6Xk are
formed by shifting the Xk and 3¥k terms. J10 and J11 are used as bits 1 and 2 of
2Xk. Bit 0 of 2Xk is taken as a zero. J10 is used as bit 2 of 4Xk, Bits 0 and 1 of
4Xk are taken as zeros, J30 and J31 are used as bits 1 and 2 of 6Xk. Bit 0 is taken
to be a zero,

The XA and XB terms are bit enables, The Remainder, multiples, and enables are
combined to generate group 0 borrows for ranks 1-7, These borrows are sent to the
Second Stage Trial Subtraction network and the Final Subtraction networlk,
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60297600 A

DD MODULE

The DD module is like 2 DA module except for three differences, The first difference
is that no remainder bits are sent to the Partial Subtraction network. The second
difference is that the Release Remainder signal from the DQ module forces the group
16 borrows for ranks 3, 6, and 7 to ones in CP01 and CP02, These borrows force
the EAB bits for the corresponding ranks to be ones also. These terms are forced

to ones in CPO01 to choose rank 0 for the final subtraction and thereby gate the dividend
into the remainder register. These terms are forced to ones in CP02 to choose one
of ranks 0, 1, or 2 for the final subtraction and thereby insure that if a divide fault
condition exists it will be detected. The third difference is that the DD module
generates a quotient octal digit every clock period. The W0 and W1 terms represent
bits 0 and 1 of the quotient digit. P4 represents bit 2 of the quotient digit.
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60297600 A

DE MODULE

The DE module is like a DB module except for two differences, The first of these
differences is the Release Rank 1, 2 Borrows signal, JA, from the LE module. This
signal forces the rank 1 and rank 2 group 16 borrows out to be ones in CP01. These
borrows in turn force the rank 1 and rank 2 EAB bits to be ones in CP01. The EAB
bits choose rank 0 for the final subtraction and thereby gate the dividend into the
Remainder Register., The second difference is the Release Remainder signal, JB,
from the DQ module, This signal forces the rank 4 and 5 group 16 borrows out to be
ones in CP01 and CP02, These borrows in turn force the rank 4 and 5 EAB bits to
be ones in CP01 and CP02, The EAB bits choose rank 0 for the final subtraction in
CPO01 and thereby gate the dividend into the Remainder Register., In CP02 the EAB
bits choose one of ranks 0, 1, or 2 for the final subtraction and thereby ensure that if
a divide fault condition exists it will be detected.
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