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FOREWORD 

This book is intended for use in training Customer Engineers in the operation of the 
Automatic Floating Decimal Arithmetic Feature used in the IBM 7070 System. Illus­
trations accompany the text. In most cases, the sections, sub-sections, and items con­
tained within this manual, are written so that the preceding information serves as a 
building block for subsequent study. 

Each program controlled operation is discussed and is accompanied by operation 
fl.ow charts and sequence charts. Major signals,key timings, and logic locations are 
also provided. 

Future engineering changes may cause minor discrepancies in some of the timings 
given in sequence charts and other charts (signal, timing and location). They should 
not change the philosophy of the operations unless the changes are of a major nature and 
constitute revisions to data fl.ow and operation sequence. 
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1. 0. 00 FLOATING-DECIMAL OPERATIONS 

1.1. 00 GENERAL 

The floating-decimal feature of the IBM 7070 System allows automatic location of 
the decimal point during computations. A floating-decimal number is represented by 
a two-digit characteristic, or exponent, in positions 0-1 of the data word and an eight­
digit mantissa in positions 2-9. The characteristic is the power of ten by which the 
mantissa must be multiplied to give the actual magnitude of the number. The mantissa 
represents the number of significant digits in the floating-decimal number. The deci­
mal point in all floating-point numbers is to the left of the high-order digit position of 
the mantissa; i.e. , position 2 of the data word. The word format for a floating decimal 
data word is shown below: 

s 0 1 

Mantissa 

In floating-decimal notation, numbers are classified as normalized or unnormalized. 
A normalized number has a digit other the zero in the high order digit position of the 
mantissa. An unnormalized number may have one or more high order zeros in it man­
tissa. A number is indicated in unnormalized and normalized form as follows: 

s 0 

Unnormal lzed 
2 3 4 5 6 7 8 9 
0 0 3 9 8 7 4 2 

Normalized a 9 a 7 4 2 n o 
To represent negative exponents in floating decimal, it is necessary to make use of 

a modified characteristic. The modified characteristic is a number between 00 and 99. 
It is obtained by adding 50 to the power of ten required to properly position the decimal 
point. In this notation, 50 is considered io0 , 52 is 102, 47 is io-3 etc. 

The range of numbers thus obtainable is from 

.1x10-50 to .99999999Xl049 . 

The smallest number would appear in floating decimal notation as 

Modified 
Characteristic 

00 

Mantissa 

10000000 
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and the largest number as 

Modified 
Characteristic 

99 

Mantissa 

99999999 

Any floating-decimal number having a mantissa of zero is automatically assigned a 
characteristic of zero. The floating-decimal representation for zero is, therefore: 

Modified 
Characteristic 

00 

Mantissa 

00000000 

The following table shows several examples of mantissas and modified character­
istics and their derivation. 

Absolute Scientific Mantissa Exponent Modified Floating 
Value Notation of 10 Characteristic Decimal No. 

3892...._41 _._389241x10 4 38924100 4 50 +4 = 54 5438924100 
_J"00049 l.6. .491.6.. XJ0..-3 491_60000 -...3.. 50-...3.. = 47 4749160000 

-.03494 -.3494 x 10-l -34940000 -1 50 - 1 = 49 -4934940000 
0 0 00000000 0 0 0 = 00 0000000000 

Smallest 
Number • 1 x 10-50 10000000 -50 50 - 50= 00 0010000000 
Largest 
Number .99999999 x 99999999 49 50+ 49= 99 9999999999 

1049 

All arithmetic operations may be performed with the floating-point codes. Float­
ing-point instructions appear in the 7070 just as do other instructions. The one excep­
tion occurs in field control. Positions 4-5 of the instruction word are not used. There 
is no field control in floating point. 

All floating-point codes may be indexed. The index function is accomplished in 
exactly the same way as for the fixed point codes. 

All of the floating-point codes use all three accumulators. Data left in any accum -
ulator from a previous operation is lost. The operated factor is present in Accumulator 
1 either as the result of a floating-reset-add instruction, or as the result of a previous 
operation. 

The mantissas of Accumulators 1 and 2 are considered as one 16-digit number. 
The number is divided into two eight-digit mantissas each with its own exponent. The 
exponent of Accumulator 2 is, therefore, 8 less than the exponent of Accumulator 1. 
Accumulator 2 is assigned an exponent 8 less that Accumulator 1, whether or not 
Accumulator 2 is zero. 

As a result of arithmetic operations it is possible for the machine to attempt to 
generate a modified characteristic greater than 99, or less than 00. These conditons 
are called overflow and underflow, respectively. Tests for overflow and underflow 
are made on the exponent of Accumulator 1 after every arithmetic operation. Only the 
underflow test is made on the exponent of Accumulator 2. 
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2. 0. 00 FLOATING ADD-SUBTRACT 

2. 1. 00 INTRODUCTION 

To perform a floating add-sub't instruction, it is necessary to align the decimal 
points of the two factors. This is done normally with pencil and paper by shifting the 
mantissa of the smaller factor to the right and increasing its exponent by one for each 
such shift. When the two exponents are equal, the addition or subtraction can then be 
accomplished. 

The process of shifting the smaller mantissa to the right and increasing its ex­
ponent accordingly is not actually performed by the 7070. Instead, the smaller factor 
is placed in the arithmetic register. A number of least significant digits of its mantissa 
equal to the exponent difference is scanned out, added to zeros and gated into Accumula­
tor 2 starting with position 0. The remainder of the mantissa is then added to the aux­
iliary register which contains the larger factor and is gated into Accumulator 1. Zeros 
are inserted in those positions of the arithmetic register left vacant during the scanning 
out process. This procedure effectively accomplishes the same result as shifting right 
and adding to the exponent. The process is illustrated below for an exponent difference 
of 3. 

Addition of 2 Floating Point factors (Exponent Difference of 3) 

Add to A 2 I 
Arith Reg 54 

Aux Reg 57 

2 4 a 1 1 Ii 4 

3 9 1 7 4 2 8 2 

Add to A 1 

5 7 0 0 0 2 4 3 7 1 

5 7 3 9 1 7 4 2 8 2 

1 J 1 i J l 1 J 
I Accumulator ] 

2940000000 

Accumulator 2 

After the addition of the mantissas, a normalization cycle is initiated. This cycle 
counts the number of high-order zeros. The accumulators are shifted left together so 
that the high-order mantissa digit is in position zero of Accumulator 1. 

The original exponent is now adjusted and inserted in Accumulator 1. Tests for 
overflow and underflow are made on this exponent. 

The Accumulator 1 exponent is reduced by 8 and inserted in Accumulator 2 positions 
0-1. A test for underflow is made on this exponent. 
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The result in Accumulators 1 and 2 after the normalization and updating cycles just 
described is: 

5 7 3 9 1 9 8 6 5 3 4929400000 

Accumulator 1 Accumulator 2 

Floating Ring A seven-position trigger ring called the Floating Ring sequences the 
various operations performed during a floating-point instruction. 

The ring divides the data cycle into 7 subcycles. The ring outputs corresponding 
to subcycles 1-7 are FP 1-FP 7. Each subcycle controls some special function de­
pending upon the operation code. The number of subcycles actually used during the 
execution of a given instruction depends upon the operation code and the relative size 
of the two factors. 

The ring outputs for the floating add-sub't operations are described in detail here. 

Data Cycle Start The initial access codes signal switches with a Data Control 4 to 
set the floating ring to position 1. FP 1 then switches with Op-Add-Sub't to give FAS 1. 
FAS 1 initiates and defines the compare subcycle of the floating-add operation. The 
floating ring is advanced from FAS 1 by the conditions set by the two factors, i. e. , 
auxiliary register greater than arithmetic register, interchange of factors etc. 

Subcycles The seven subcycles are listed and described with reference to data 
flow as follows: · 

1. FAS 1 - Compare- Compare Factors-place smaller factor in Arithmetic 
Reg. 

2. FAS 2 - Recomplement Exponent Difference-If Auxiliary Reg is greater 
than Arithmetic Register. 

3. FAS 3 - Add to A 2-Scan out (of Arithmetic Register) number of least 
significant digits equal to exponent difference - Add digits to A 2. 

4. FAS 4 - Add to A 1 - Add Mantissas. 

5. FAS 5 - Normalize - Normalize Resulting sum. 

6. FAS 6 - Updam A 1 Exponent - Adjust original Exponent. 

7. FAS 7 - Updam A 2 Exponent - Reduce adjusted A 1 Exponent by 8, insert 
inA 2. 

Flow Chart Figure 2.1-1 shows a flow diagram of the floating add-sub't operation. 
As indicated by the chart, five possible conditions may result from the initial compar­
ison: 

1. If there is a difference of 1-7 in the modified characteristics, both add 
cycles are taken. 

2. If the exponent difference is 0, skip cycle 3. Because the smaller factor 
does not have to be shifted, there will be nothing to add to A 2. 
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DATA-----. 
CYCLE 
START RI ATHR FR IB 

RI AUXR FR Al 

EDO 

I-----'~ INTERCHANGE 1------t--. 
FACTORS 

LARGE FACTOR 
I----'~ IN Al 

A2 RESET TO +O'S 

EDO 

EXP DIFF 0 

YES 

FIGURE 2.1-1 FLOATING ADD-SUB'T FLOW CHART 

3. If the exponent difference is 8-15 and the true-add latch is on, skip cycle 
4. Cycle 4 is skipped because the entire mantissa has been scanned out. 
Therefore, there are no digits left to be added to A 1. 

4. If the exponent difference is 8-15 and the complement-add latch is on, both 
cycles 3 and 4 are taken. This is necessary because of the borrow into 
the least significant stage of Accumulator 1. This condition is discussed 
in the Add to A 1 subcycle. 

5. If the exponent difference is greater than or equal to 16, the larger factor 
is taken as the result for both true-add and complement-add. 
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Compare 

The compare subcycle determines which of the two starting factors is the smaller 
and places the smaller factor in the arithmetic register. 

Fixed Point OP Compare and OP A 1 are forced on to initiate the comparison. The 
addressed factor is read into the arithmetic register and the operated Accumulator (Al) 
is read into the auxiliary register. Accumulator 1 is then subtracted from the arith­
metic register. The auxiliary register is read out onto Channel 2, (Adder Entry B) 
under complement-add control. A carry is inserted in the units position of the exponent 
to produce a lO's complement number. The compare operation automatically inserts 
a carry in the units position of the mantissa. The mantissas and the exponents are 
sensed separately for the carry-no-carry condition. 

Two possible conditions may occur as a result of the comparison. 

1. If the auxiliary register which contains the Al factor is the larger of the 
two factors, a no-carry is sensed at the tens position of the exponent. 
This indicates that no interchange is required but that the exponent difference 
is a complement number. 

2. If the auxiliary register is smaller than the arithmetic register, a carry 
is produced which initiates the interchange of the factors. Every com­
parison cycle therefore results in either an interchange of the factors or 
a recomplement cycle, not both. The following examples illustrate each 
case: 

Arithmetic register greater than auxiliary register 

59 74369823 -Athr-Chl 

5 3 8 4 4 5 7 3 5 2 - Auxr - Ch 2 - Comp Add 

1 Carry Insert Units 

T 
5 9 7 4 3 6 9 8 2 3 

4 6 1 5 5 4 2 6 4 8 

0 6 8 9 1 2 4 7 1 

Carry initiates interchange of factors. 
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Arithmetic Register less than auxiliary register. 

5 3 5 8 6 3 5 9 7 4 - Athr - Ch 1 

5 7 4 7 3 9 5 8 2 3 - Auxr - Ch 2 - Comp Add 

1 Carry Insert Units 

53 58635974 

4 2 5 2 6 0 4 1 7 7 
( N/d 

96 11240151 

No carry-out but exponent difference is a complement number. 

At the beginning of the compare subcycle, the contents of Accumulator 1 are read 
into Accumulator 3. If an interchange is called for, Accumulator 3 may then be read 
into the arithmetic register and the arithmetic register read into Accumulator 1. 

The exponent difference is read into the shift register and Program Register D as 
it is formed. This may be the actual difference or the complement of the difference 
depending upon the outcome of the comparison. 

If the exponent difference is zero, the carry from the most significant position of 
the mantissa initiates the interchange of the two factors. 

Recomplement Exponent Difference 

The no-carry condition from the tens position specifies that the auxiliary register 
(Al) is larger than the arithmetic register. The number in the shift register output 
latches and in Program Register D is therefore a complement number. 

The contents of Program Register D is read out to Channel 2 Adder entry B under 
complement-add control. Zeros are inserted on Channel 1 adder entry A. The re­
complemented exponent difference is then read back into the shift register and Program 
Register D. 

If the exponent difference is equal to or greater than 16 (out-of-range indication) 
at this point, the operation is terminated with the larger factor in Accumulator 1. 
Accumulator 2 has been reset to plus zeros and carries a modified characteristic of 00. 

AddtoA2 

During the recomplement subcycle, the field register is set from the shift register 
output latches. The number of least significant digits of the arithmetic register equal 
to the exponent difference must be scanned out and added to Accumulator 2. 
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One of four conditions will arise as a result of the initial comparison of the two 
factors: 

1. Exponent Difference Low (1-7) 

2. Exponent Difference High (8-15) 

3. Exponent Difference Out of Range (16 or greater) 

4. Exponent Difference Zero 

An exponent difference low sets the FP Low latch. The FP Low latch conditions a 
group of translator switches. These switches must transmit an indication of the shift 
register output latch contents once during subcycle 3, and once during subcycle 4. 

Assume an exponent difference of 3 between 2 factors. During subcycle 3, digits 
7, 8, and 9 must be scanned out and added to A2 positions 0, 1 and 2. The translator 
inserts a seven in the tens position of the field register and a 9 in the units position. 
At the end of subcycle 3, a two must be inserted in the tens position and a 6 in the units 
position of the field register. This enables the field ring to scan out digits 2-6 and add 
them to Accumulator 1, during subcycle 4. 

Data flow during subcycles 3 and 4 for two factors with an exponent difference of 3 
is detailed in Figure 2. 1-2. 

The exponent difference high latch output also conditions a group of translator 
switches. During the Add-toA2 subcycle, the arithmetic register is gated onto Channel 
2 under complement-add control. If an exponent difference of 8 is indicated by the shift 
register output latch, the translator sends this indication to the field register 
units position as a 9. A two is forced into the tens position. If the exponent difference 
had been 9, the units position of the field register is forced 8 etc. The last 2 positions 
of Accumulator 2 are always zero. Hence, the exponent difference of 8 places the entire 
mantissa in Accumulator 2 positions 0-7. An exponent difference of 9 places 7 digits of 
the mantissa in positions 1-7. As the difference increases to 15, the most significant 
stage of the arithmetic register mantissa would then appear in Accumulator 2 position 7 
with 7 leading zeros. 

Operations with an exponent difference greater than or equal to 16 are discussed in 
Section 2. 3. 00. 

If the exponent difference is 0, the add-to-A2 subcycle is skipped. The operation 
proceeds directly to subcycle 4, the addition of the mantissas, from subcycle 1. 

Add to Al 

The Add-to-Al subcycle adds or subtracts the mantissas of the two factors if the 
exponent difference is 1-7. When the exponent difference is 8-15 on true-add, there will 
be no mantissa addition because the arithmetic register will have been completely scanned 
out. The Add-to·-Al subcycle is skipped, and a normalization cycle is initiated following 
subcycle 3, Add-to-A2. 

DlO 



ADD TO A2 

CH 2 

ADDER 

ADD TO Al 
I I 

+54:243711 
S 0 l 12 3 4 5 6:7 8 9 

I I 
ATHR 

FLO RING 

FROM __ .,..,"1.1__;2~-~6~1 
SHIFT FLO REG 
REG ZERO 

INSERT 
CH 2 

ADDER 

+ 5 4 2 4 3 7 l 2 9 4 - ATHR FACTOR 
+ 5 7 3 9 1 7 4 2 8 2 - AUXR FACTOR 

SUB - CYCLE 3 

+5739174282 
50123456789 

AUXR 

+5739174282 
S0123456789 

AUXR 

SUM OF MANTISSAS 
S0123456789 

Al 

A2 

Al 
39198653 

A2 

SUB - CYCLE 4 

FIGURE 2.1-2 DATA FLOW FOR TWO FACTORS {EXP DIFF 3) 

For the complement-add condition, however, with exponent difference 8-15, Add­
to-Al is necessary. The existence of a digit in any position of Accumulator 2 from 
positions 0-7 causes a borrow from the least significant digit position of Accumulator 1. 
The borrow is accomplished by inserting a 1 from Channel 2 digit insert under comple­
ment-add control. A carry is inserted simulataneously. The 1 digit is thus tens com­
plemented to a 9. Zeros are inserted for the remaining digits on Channel 2. The result­
ingnine added to the least significant digit has the effect of reducing the digit by one. 
If the digit is other than 0, the resulting carry, added to the 9's (complement zero) on 
Channel 2 causes the arithmetic register contents to be added to zero. The remaining 
digits of the arithmetic register, therefore, are not modified by the operation. The 
end carry from the adder most significant position is ignored. 
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+ 5 8 3 4 6 7 1 2 9 7 AUXR FACTOR 
- 4 9 8 9 4 3 6 1 7 8 ATHR FACTOR 

34671297 
·-----------, SOl 23456789 

894af6178 I 
so123456789 I AUXR 

ATHR -----1 I 
I I 
I L----, 

COMP ___ _,..-----' I I 
ADD --------· I 1--- i ___ i i I 

0 INS CARRY DIGIT II 

ADDER 

I 
I 

INS 1 INS 1 
I ____ J 

"0" INS 

L _________ j 

____ ADD TO A 1 

__ ADDTOA2 

9105638300 

ACTUAL SUBTRACTION 

34671297.00000000 
.08943617 

MACHINE METHOD 

34671296.91056383 
~ '--,------' 

Al A2 

A 1 

A2 

3 4 6 7 1 2 9 7 A LEAST SIGNIFICANT 9 IS COMPLEMENTED 1 
9 9 9 9 9 9 9 9 • @ REMAINING 9'S ARE COMPLEMENTED O'S 

IGNORE END CARRY 1 34671296. 

FIGURE 2. 1-3 BORROW FROM Al DURING COMP ADD (EXP DIFF 8-15) 

Data flow during the operation and illustrative examples indicating pencil hd paper 
subtraction of two factors is shown in Figure 2. 1-3. A sample calculation is also shown 
for the machine method of performing the borrow function. 

If the digit is ze_:ro, however; the complement operatipn produces a 9 for the least 
significant position. The remaining zeros :r:ead out on Channel.-? under complement­
add control of cour~e become _9's .. The second digit position, if non-zero, or the first 
non-zero position encountered, adds to 9 reducing it by one to satisfy the borrow con­
dition. A carry is generated from this position and succeeding digit positions so that 
the remaining digits retain their original values. The end carcy from the adder is 
ignored as before. 

Normalize 

The normalization subcycle counts the number of high-order zeros in Accumulator 
1 or Accumulator 2 if Accumulator 1 is all zeros. Fixed point Double Shift and Count 
is turned on to initiate the operation. Accumulator 1 is transferred to the word buffer 
register. Simultaneously, the significant digit scanner senses the location of the high­
order digit and transmits its indication to the shift register. The shift register is read 
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out onto Channel 2 with complement-add control. At the same time a 7 digit is inserted 
on Channel 1 together with a carry insert. The shift register output is thus added to 8. 
This operation yields the number of left shifts minus 2 required to normalize the number. 

For example, assume that Accumulator 1 has 4 high order zeros. The 4 output 
then transmitted to the shift register is added to 8 giving a 2 output from the adder. A 
left shift of four is thus indicated. · --

Accumulators 1 and 2 are shifted all the way to the left, but the correction factor 
for the exponent is two less than the number of places shifted. 

This process is illustrated as follows;· 

Normalization (Shift Left of 2 places) 

0 1 2 3 4 5 6 7 8 9 
0 0 0 0 3 9 7 0 1 4 

Before 
Normalizing 

4 Shift Reg to Ch 2 
7 Insert on Ch 1 

Add -1 Carry Insert 
Ignore 1 2 Adder output signals 
Carry Shift Left of 4 places. 

Resulting 
Normalized 
Number 

0 1 2 3 4 5 6 7 8 9 
0 0 3 9 7 0 1 4 x x 

1From Ace 2, positions 0-1 

The results of the addition are gated into Auxiliary Register 2 for use in the succeed­
ing cycle. The original exponent must be reduced by 2 to compenstate for the mantissa 
shift left of 2. 

The addition of two mantissas may produce a carry into position 1 of Accumulator 1. 
In this case the Shift Left and Count result is a 1. The 1 is added to 8 and the resulting 
9 stored in Auxiliary Register 2. For this operation, the 9 result indicates a shift left 
of one place. When Accumulator 1 is adjusted during subcycle 6, the complement-add­
ing of 9 to the original exponent will add 1 to the original exponent. 

If Accumulator 1 is all zeros, the significant digit scanner =O indication causes the 
program ring to recycle. Accumulator 2 is then transferred to the word buffer register. 
Simultaneously, the significant digit scanner samples Accumulator 2 for the location of 
the high order digit. This indication is sent to the shift register as before. The shift 
register is then read out to Channel 2. The 7 digit and the carry are inserted on Channel 
1. The adder operation is the same as for Accumulator 1 except that a 1 digit is inserted 
at the second digit time to indicate that the left shift exceeded 10. This number is then 
gated into Auxiliary Register 2. 

To adjust the original exponent during subcycle 6, Accumulator 3 is read into the 
arithmetic register during subcycle 5. 
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Update Al Exponent 

The original exponent, now in the arithmetic register, must be adjusted and inserted 
in positions 0-1 of Accumulator 1. 

The arithmetic register positions 0-1 are read out to Channel 1. At the same time the 
the auxiliary register is read out to Channel 2 under complement-add control. Zeros 
are inserted on Channel 1 to fill the vacant positions. The result of the subtraction is 
gated into Accumulator 1 (positions 0-1) and Program Register Das it is formed. Accum­
ulator 1 is also shifted right two places at this time to make room for the updated ex­
ponent. The digits shifted out are gated into Accumulator 2 positions 0-1. Overflow and 
underflow tests are then made on the updated exponent. 

Update A2 Exponent 

The updated Al exponent is now reduced by eight and inserted in Accumulator 2. 

Program Register D is read out to Channel 1. An 8 digit is inserted on Channel 
2 with complement-add control. Zeros are inserted for the remainder of the Channel 2 
entries. Accumulator 2 is simultaneously shifted right two places to make room for the 
new exponent. 

The exponent is read into Accumulator 2 positions 0-1. An underflow test is made 
on this exponent. 

Sign Control 

Sign control is accomplished in the same way as for fixed point instructions. The 
signs of the addressed factor and the operated accumulator are switched with FP OP + 
and FP OP - to determine the true-add or complement-add operation. 

The conditions for a true-add or complement-add for particular combinations of 
addressed and operated factor signs and operations is discussed in 5. 0. 00. 

Floating Add-Sub 't Absolute 

Data flow for the floating add-sub 't absolute codes is almost the same as for normal 
floating add-sub't codes. The one exception occurs in the treatment of the addressed 
factor sign. 

For the floating add absolute code the addressed factor sign is set plus. If an 
interchange of the factors is called for on the compare subcycle, the OP sign is set 
plus. In either case the read-in from the arithmetic bus of the addressed sign or the 
OP sign is blocked. 

The floating subtract absolute code sets the addressed factor sign plus or the OP 
sign plus if interchange is required. The read-in of the addressed factor sign and OP 
sign from the arithmetic bus is blocked. 
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2.2. 00 FLOATING ADD-SUB'T ± 74 

Floating Add-Sub't Absolute± 77 

To perform the Floating Add-Sub't operation, the data cycle is divided into seven 
subcycles. Depending upon the relative values of the exponents of the two factors, up 
to seven of these subcycles may be used during the execution of the Floating Add-Sub't 
instruction. 

The floating ring, a seven-position trigger ring, causes the operation to step from 
one subcycle to the next. An additional control ring, the FP Op End Ring, generates 
four outputs similar to the program cycle ring outputs at the conclusion of each subcycle 
except during subcycles 3, 4, and 5. These outputs are: 

1. FP Last+ 

2. FP Test 

3. FP Stop 

4. FP stop+ 

The FP Op End Ring outputs are used so that is is not necessary to generate the 
normal stop inhibit for the program ring on each subcycle. 

The Start FP Op End circuitry (42. 80.12) causes these outputs to be generated by 
switching the outputs of the floating ring with the program ring outputs at the appropriate 
time during each subcycle. 

The No FP End signal (42.80.11) is switched with the FP test signal from the FP 
Op End Ring to recycle the program ring. The No FP End Signal is capable of recycling 
the program ring except when the stop latch (42. 80.11) is turned on by an end-data 
operation, or the FP 7 Cl signal which designates the conclusion of the floating add-sub't 
instruction. The end-data operation occurs before the end of the instruction when an 
exponent difference out of range (equal to or greater than 16) is detected during the 
compare subcycle. 

The No FP End signal is switched with FP Test from the FP Op End Ring to recycle 
the program ring except during subcycles 3, 4, and 5. During the Add to A2, Add to 
Al, and normalization operations, the program ring is recycled by switching the program 
cycle test and the FAS 3, FAS 4, and FAS 5 output, respectively. 

For the two conditions, Add to A2 and Add to Al, the field ring match signal and 
arithmetic field end cause the generation of the normal stop inhibit during the execution 
of the add operation. 

During normalization, the program cycle ring is turned on by the Double Shift and 
Count function. 
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The data cycle begins in the usual way with the setting of the data latch. This in­
itiates the memory request. The A & P Address Gate then starts the data control ring. 
The ring reads the data address from Program Register D into the computer address 
bus latch register at Data Control 1 time. From here it is transferred to the memory 
address register. The addressed factor is then read out onto the information bus for 
transfer into the arithmetic register at Data Control 4 time. 

The initial access codes signal is switched with a Data Control 4 pulse to set the 
floating ring to Position 1. The output of the Floating Ring, FP 1, is then switched with 
FP Op Add-Sub't to give Arith Op-FP 1. The Arith Op-FP 1 signal causes the Op 
Compare Abs and Op A 1 functions to be forced on. This initiates the first subcycle 
of the data operation. 

Logic 
Objective Timing and Location 

Op Compare Abs 

Set Floating Ring PSN 1 DC 4 4J-42.80.04 

Arith Op-FP 1 FP 1-FP Add-Sub't 4A-42. 86 .15 

Op Compare Abs Arith Op-FP 1 5A-42. 86.12 

Op Al Arith Op-FP 1 3F-42. 86 .12 

The following major objectives are required to perform the floating add-sub't opera-
tion: 

A. Compare 

B. Recomplement Exponent Difference 

c. Add to Accumulator 2 

D. Add to Accumulator 1 

E. Normalize 

F. Update Accumulator 1 Exponent 

G. Update Accumulator 2 Exponent 

H. End Data Operation 

Compare (Figures 2. 2-1, 2 and 3) 

The Compare subcycle determines which of the two factors is the smaller and 
places the smaller factor in the arithmetic register. 

As just indicated, the Arith Op-FP 1 signal causes the Op Compare Abs function 
to be forced on. As a result of the Compare Abs operation an interchange of the two 
factors may be specified. The mantissas are sensed at C9 time and the exponents at 
Cll time for the existence of a carry. If a carry occurs frbm the tens position of the 
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PROGRAM CYCLE RING lI1IlilI1IlilI1Il JIJilI~~J=~ 1 1 1 1 1 l l I l Jmr JsroP+ L l J l 

PROGRAM RING 

SIGNAL NAME 

RI ATHR FR IB 
1 I I I I I I I I I I I l I I I I I 

44.05.51 i--t_; I I I I I I I I I I I I I I I 1 

1....-J I I I I I I I I I I I I I I I I 
RIAUXRFRAI 42.31.17 ·..r==i.· I I I I I I I I I I I I I I I I 

INSERT DIGITS IN FIELD REG 44.80.056. ' : . : : : : : : : : : : ~a"_T: : : : 
ROFIELDREG 44.02.23 ·b : : : : : : : : : : : : : : : : 
RI FI ELD LEN REG 

I • 1--..l I 1 I I I I I I I I I I I I I 
44.02.23 I J___L I I I I I I I I I I I I I I I 

RI ADDR SIGN FR AB 44.90.01 : . J::i. : : : : : : : : : : : . _H : : 
1--R-O-AT_H_R_T_O_A_B--------+4-4_._8_1_,_0_,4 __ :_._.t::l,_1 - 1 : : : : : : : : : : : : : : : : 

ADV ATHR (CH I) 

ADV AUXR (CH 2) 

ADD 

RI OP SIGN 

RI TO A3 FR A I 

ZERO SENSE 

NO CARRY SENSE 

SET HIGH-LOW 

CARRY INSERT 

SET ERROR ON ALPHA SIGN 

SHIFT REG RI FR ADDER 

A2 SHIFT RIGHT 

A2 RI ZEROS 

44.05.41 
I I I I I I I I I I J I I I I I I I 
1 1 \ I I I I I 1 

44.06.05 
I I I I I I I I I 
I I j_ I I_ I I I I .L I I I I I I I 

.~I I I I I I I I I I I I I I I I I 
44.41.15 ..r::::::1. ~ I I I I I \ I 

44.90.01 
44.82.04 
44.82.40 

44.83.06 

44 .41 .01 

44.83.0 

44.83.15 

44.92.20 

44. 80. I 0 

44.82.3_z 

44.82.3S 

: : · _H : : I : : : : : : · J--t t : : : 

~ :·_H : ~ : : 1 : : : : : l : : ~ : 

: : : : : : : : :6·_H_::::: : .. 
; : ! : : : : : : .b_: ·h: : : : : : : 
\ I I I I I I I I I I J I I I I I 

: ; : : : ; ; : : ;.}::,_:::::;:: 
1 I I I I I !-..-1 I I I I I I I I I I I I 
I 1 ! I 11..r:=:J.1 11 I I 11 11 I I I 

I I I I I I I I I I ',·EI I I I I I I I 
I I I I I l I I I I I I I I 1 I I 

I j I ) 1 I I I I l l l I J I ! I l I l 
I J I I I I t I I 

11 LI 11 l_j_I 11 IJ I I 11 I I I 
I l I I I l \ 1 l 

r-P-R-AD-V-----------+----1--~l--I --<11---1--, --1--1 --1 --,-·1 I I I I I I I 1 I I 
42. 82. 0 I I I I I I I I 1 I I _I 1 I I I I 

PR "D" RI FR ADDER 42.82.0z 
I I I I I I I I I I I I I I I I I I I 
! I I I I I ! I I I I I I I 

ADDER OUTPUT 44 40 I 5 I ;_ I . I-. :...... ~ :__ L..... 1...... I 1 I I I I I I I I I 
1---------------+--· _·___,l--_,_._J_J_..__,__l __ J_J_.L__,__l_l~L.J_l_L_.._~1"1J""l l"""l ["'1 I I I I I I 

8' S + SENSE (EXP DI FF HI I ·.44.83.0S: 
I I I I I I I I I.~ I I I I I I 
! I I I I! 11 l_c=::;i I 111 1 l 

RI A THR FR A3 

RI A I FR ATHR 

44.82.40 
44 .81 .O I 
44.82.06 
44 .81 .0 I 

I 1 I I I I I I I I I L...-! 0.N II N,TE'RCl1ANGE I 
I I I I I I ! I I I I c=J_ I I I I 

I I I I I I I I I I I I I I I I I 
1 I I I l I I I I I I 1 I I I I [ 

I 1 1 I I I I I I I I I I I I I I 
I I I I I I 1 I I I I j I I I I I 

I I I I I I I I I I I ii I I I I I 
I I I I I I I I I t I :1 I I I I I 

FIGURE 2.2-1 SUBCYCLE 1 - COMPARE (FORCE ON OP COMPARE ABS AND OP Al} 

exponent, at Cll, an interchange of the factors is indicated. If the exponent difference 
is 0, the carry from the high-order stage of the mantissa initiates the interchange. 

The Compare subcycle also determines the range of the exponent difference by 
sampling the adder output latches at ClO and Cll time (Logic 44. 83. 05-44. 83. 06). One 
of four latches is turned on during the the operation: 

1. Diff 0 Latch - Exp Diff O 

2. Diff Lo Latch - Exp Diff (1-7) 

3. Diff Hi Latch - Exp Diff (8-15) 

4. Diff Out of Range Latch - (Exp Diff greater than or equal to 16) 
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SIGNAL NAME 

SET ADDR SIGN LATCH PLUS 

sn OP s I GN PLUS 

ON INTERCHANGE 

BLOCK RI ADDR SIGN 

LATCH FROM AB 

BLOCK RI OP SIGN 
LATCH FROM AB 

l _l_ l l .1 I I I I I _l_ l l l l 
PROGRAM RING ex l CO I CJ I c2 I C3 I c4 I cs I CG l c1 l cs j_ c9 .1 c10Ici 1 I I 

LOGIC ABCD~BCDj_ABCD~CDlABC!¥BC~ABC~ABC!¥BCDlABC~ABCli.l.ABCDl_ABCOlABCDj_ABClj 
I I I I I I I I I I I 

44. 90. 0~ " _.i"--t . .J. I I I I I I • I • I • 

1 I I I I I I I I • I • I , 
I J I I I I I I I I I 

44.90.03 
I I I I I I I I 1.L::::::f. 
I 1f1 l I I t__r-i__ 
I I I I I I I I 
I I I I I I I 

I I I I I I I 
I I I I I I I 

44.90.01 ·_H 11 I : : 11 

I I I I 
I I I I 

I I .• 
I I 

I I I 
I I I 

:·_H· I I 
44.90.01 I I 

I I 
I I 

I I 
I I 

I I 
I I 

FIGURE 2.2-2 FLOATING ADD ABSOLUTE SUBCYCLE 1 (FAAB SAME AS FA EXCEPT 
AS INDICATED) 

PROGRAM RING 
.1 .1 .1 .1 l l _l_ I I I I .1 .1 .1 .1 
cxicoici_lc2_l c3_l c4l csJ_cGJ_c11csj_ c9j_c1ol CJJl I -icx 

SIGNAL NAME LOGIC ABC~CDlABC~CDj_ABCOlABCDlABC~ABC!¥BCDlABC!¥BC~BCDl"'BC~ABC~AB~AB~ 

SET ADDR SIGN 44.90.07 ._n I I I I I I I I I I 
I I I I I I I I I ! 

LATCH PLUS I I I I I I I I I I 
I I I I I I I I I 
I I I I I I I 
I I I I I I I 

SET OP SIGN LATCH 44. 90. 03 
I I I I I I 
I I I I I I ~ 
I I I I I 

PLUS ON INTERCHANGE I I I I I 
I I I I I 
I I I I I 

BLOCK RI ADDR SIGN 44.90.01 I I I I 
·~- I I I 

LATCH FROM AB I I I I I 
I I I I I 

I I I I I 
I I I I I I· 

BLOCK RI OP SIGN 44 .90 .01 
I I I I I I ·J-i I I I I I I I 

LATCH FROM AB I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 

FIGURE 2.2-3 FLOATING SUBTRACT ABSOLUTE - SUBCYCLE l (FSAB SAME AS FS 
EXCEPT AS INDICATED) 

These latches control the subsequent execution of the instruction. The function of 
these latches is detailed in succeeding sections. 

The difference between the floating add-sub't and floating add-sub't absolute codes 
occurs in the interpretation of the addressed and operated factor signs. 

During a normal add-sub't operation, the addressed sign latch is set at CO time by 
reading out the arithmetic register to the arithmetic bus. The operated sign latch is 
set during the transfer of Accumulator 1 to Accumulator 3 at Cl time. 

The floating' add-sub't absolute code sets the addressed factor sign plus. If an inter­
change is called for, the op sign is forced plus and a new sign is read into the address 
sign latches. For both normal and interchange operations, the read-in of addressed and 
and operated signs from the arithmetic bus is blocked. 
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The field register is set for full field control at the beginning of the Compare Abs 
sybcycle by the Arith Op-FP 1 signal and a Data Control 4 pulse (Logics 44. 80. 05-
44. 80. 06). The tens position is forced to 0 and the units position to 9. This is necessary 
for the floating point codes because the Compare Abs function would normally be used 
with the field control. 

Objective 

Athr Par RI IB 

Auxr RI FR Al 

Field Reg to Adder (Op FCX) 

RO Field Reg 

Comp Add 

No-Carry Ins 

RI Field Len Reg 

RI Addr Sign FR AB 

RI Op Sign 

RI A 3 FR Al 

A 1 RO AB 

A3RIFRAB 

Adv Athr (Entry A) 

Adv Auxr (Entry B) 

Comp Add 

A 2 Sh Rt 

A 2 RI Zeros 

Set Error on Alpha Sign 

Test Zero Sense 

No Carry Sense 

Carry Insert 

Set Hi-Low 

PR Adv 

Timing 

DC 4 

DC 4 

ex 

ex 

CX-AP 

co 

CX-0, FAS 1 

C0-1, FAS 1 

C0-1 

C0-1 

Cl 

Cl-SDS Check 

Compare Codes Cl 

C0-1 

FAS 1-No FAD or 
FADSN 

C5 

C9 + C11 

C9 + C11 

C9 

C9 

ClO 
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Logic and 
Location 

4E-44. 05. 51 

3C-42. 31. 17 

3B-44. 02. 23 

6E-44. 41. 15 

4C-44. 41 02 

4G-44. 02. 23 

4C-44. 90. 01 

4F-44. 90. 01 

4C-44. 82. 04 

4B-44 82. 40 

4A-44 05. 41 

5C-44. 06. 05 

2B-44. 41. 15 

4A-44. 82. 32 

4A-44. 82. 35 

4A-4B-44. 92. 20 

44.83 06 

44. 41. 01 

4J-44.83.15 

44 83.07 

4A-42. 82. 01 



Objective 

PR RI FR Adder 

B's +Sense (Exp Diff Hi) 

Sh Reg RI FR Adder 

SR Xl.ator Set 

Set Recomp 

Set Interchange 

On Interchange 

RI Athr FR A 3 

A3 AB RO 

Athr RI FR AB 

RI A 1 FR Athr 

A1RIFRAB 

Athr RO AB 

Timing 

C9-10 

C10 

C10 

FP Stop+ 

C11-No Carry 1st 

CH-Carry 1st 

FF Interchange-FF Stop 

FF Interchange-FF Stop 

FP Interchange-Last+ 

FP Interchange-Last+ 

Logic and 
Location 

2A-42. 82. 02 

3G-3H-44. 83. 05 

4A-44. 80.10 

44.83.01 

44.83.01 

4G-44. 82. 40 

4G-44. 81. 01 

4B-44. 82. 06 

4B-44. 81. 01 

The floating ring is advanced to subcycles 2, 3 or 4 depending upon the results of 
the compare operation, If the exponent difference is equal to or greater than 16 (out 
of range), an end-data operation is initiated. 

Objective 

Set Floating Ring 

FSN 2 

Set Floating Ring 

FSN 3 

Set Floating Ring 

FSN 4 

Timing 

FP Recomp 

FF 1 Adv 

No FP Recomp 

Exp Diff Non-zero 

FP 1 Adv 

FP 1 Adv 

No FP Recomp 

FP Add Sub't 

Exp Diff Zero 
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Logic and 
Location 

4B-42. 80. 06 

4F-42. 80. 06 

5C-5D-42. 80. 05 



I I I I I I I I I I I I I I I 

I I I I I II IFPl.::rsfo•I I I I :I I :I ..l l I :I J. I I I I I 
FLOATING OP END RING I I I ImrJsro•i[ l I I ..l l ..l ..l 

I JCx-oJCo-1 ::Ki-2 Ic2=il :I l I l l I l I T 
PROGRAM RING I ex co j_ Cl l c2 j_ c3 l ex ..l l I l l I I I 

SIGNAL NAME LOGIC ABC~CD ABC~C~ABC~BCDJABC~ABCDJ_ABC~ABC~BCl1.i.ABC~ABC~ABC~ABQi 

IN FLO REG 
I I I ·_H_ I I I I 

INSERT DIG ITS 44.80.0~ I I I I I I I 

44.83 .11 .I: :I :I I I I I I ADD .J: I I I I 

PR ADV 42.82.01 I I I 
_J ...!.. I I I 

I I I I I I I I I 
PR RO TO CH 2 44.84.01 .J: I I I I 

I I I I I I I 
DI GIT INSERT 0 ENTRY A 42.84.11 

:~bhh~ 
I I I 

ADDER OUTPUT 44 .40 .15 
I I I . 
! I I 

H· I I I I I 
SHIFT REGISTER RI FR ADDER 44.80.10 I I I I I 

I I I 
PR RI FR ADDER 42. 82 .02 ::::!: I I 

R· I I I I I 
H 1-LO-EQ SENSE 44. 83 .05 I I I I I 

I • I I I I I I I 
I I I I I I I I 

I I I I I I I I 
I I I I I I I I I 

I I I I I . ; . I I I 
I I I I I I I I 

FIGURE 2.2-4 SUBCYCLE 2 - RECOMPLEMENT EXPONENT DIFFERENCE 

A forced setting of the field register for the Add to A2 operation is accomplished 
at PC Test time. If the exponent difference is zero, a full field condition is forced for 
the Add to Al subcycle. These conditions are discussed as follows: 

Re complement Exponent Difference (Figure 2. 2-4)' 

The No-Carry 1st condition sets the Recomp latch (Logic 44. 83. 01). The output 
of the Re comp latch is switched with FP 1 Adv, the output of trigger 1 of the Floating 
ring, to give FP 2. FP 2 is switched with FP Op Add-sub't to give FAS 2. The output 
of the 1/2 time latch of the floating ring, FP 1-2, is in turn switched with FP Stop to 
advance Program Register D. 

FAS 1-2 gates Program Register D, which contains the tens complement of the 
exponent difference, onto Channel 2 under complement-add control. Zeros are inserted 
on Ch 1. The recomplemented exponent difference is gated into the shift register and 
back into PR D starting at CO time. 

Objective 

PR Adv 

PR RO to Ch 2 

Digit Insert O's Ch 1 

Comp Add 

RI Shift Reg FR Adder 

PR RI FR Adder 

Hi-Lo-Eq Sense 

Inserts Digits in Fld. Reg. 

Timing 

FAS 1-2 

FAS 1-2 

FAS 1-2 FP Stop 

FP 1-2 FP Add-Sub't 

FAS 2 CO 

co 

co 

FAS 2 C2 
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Logic and 
Location 

4B-42. 82. 01 

4B-44. 84. 01 

4D-42. 84. 11 

4C-44. 83. 11 

4B-44. 80. 10 

2B-42. 82. 02 

44.83.05 

4A-44. 80. 07 



When the exponent difference is greater than or equal to 16, the floating ring is 
advanced to FP 2 and allowed to run five digit times. This allows setting the correct 
sign into Accumulator 1. Accumulator 2 is also set to positive zero during the same 
operation. 

Objective 

Set Floating Ring Position 2 

ATHR Zero Ins 

ATHRRO AB 

A2ABRI 

ATHR Sign Ctrl 

Timing 

FP 1 Adv, Exp Diff Out 
of Range 

Exp Diff Out of Range 

C0-1 

Exp Diff Out of Range 

CX-0 

Add to A2 (Figures 2. 2-5, 6, and 7) 

Logic and 
Location 

42.80.06 

44.81.02 

44. 81. 01 

44.82.34 

44.90.05 

The field register is set for the Add to A2 operation either during the compare or 
recomplement subcycles depending upon \\hether or not a Recomp cycle is necessary. 
The setting of the field register is accomplished during subcycle 1 or 2 switching the 
outputs of the shift register output latches with FAS 1 or FAS 2. The FAS 1 or FAS 2 
signals together with the exponent difference values determine the digits to be set into 
the field register. The following table indicates the digits that must be set into the 
field register for particular exponent difference values . 

FAS 3 (Add to A2) FAS 3 (Add to A2) 

Exp Diff Low (1-7) Exp Diff High (8-15) 

FLD Reg Setting FLD Reg Setting 

Exp Diff Tens Units Exp Diff Tens Units 

1 9 9 8 2 9 

2 8 9 9 2 8 

3 7 9 10 2 7 

4 6 9 11 2 6 

5 5 9 12 2 5 

6 4 9 13 2 4 

7 3 9 14 2 3 

15 2 2 
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PROGRAM CYCLE RING I I I ]}.sT+ ISTo• I I I I _l l l _l _l I 
I I I I TESTRTo•+I l_ l _l _l MAJ!< l l _l 

I }cx-o_lco-1 ]!:1-2_1 c_lx _l _l _l _l l l _l _l _l 
PROGRAM RING _lex _l co _l c1_l c2_l c3 _l c4 j_ cs} c6 I c1I caJ: I I I 

SIGNAL NAME LOGIC ABC~CD}ABC~CD[ABCDjABCDjABC~BCoj_ABCD_lABCDjABC~BCD_lABCoj_ABCoj_ABCO 

1L:::J1 111 I 11 I 
44.02.23 • 1 • .r:::::J.. " I I I I I I I I 

RO FLO REG 44. 02. 23 • J::::i. . : . : : : : : : : : 
RI FLO LEN REG 

A3 RI FR Al 
IL.4.82.nw I . L....-.J I I I I I I I I 
144.82:401 I .r:-::-t I I I I I I I I 

ADV ATHR (CH 2) 44.05.4~ : : • J.-l : : : : : : I 

DIGIT INS 0 (CH I) 42. 84. II : : . H : : : : '· : 
ADD ~t:tU~ . R. _H_ is1GNANA_LYSIS : 

RI A2 FR ADDER 44. 82. 30 : : : • J--l : : : : : 
ADDER OUTPUT 44. 40. 15 : • h i . .h : : : : : : 
CARRY INSERT (SUB'T ONLY) 

1.1.L.::::f.I I I I I I 
I I _II_ I I I I I t 

INSERT DIGITS IN FLO REG 44.80.07 
I I I I I I I 
I I I • ~ SET 2-8 FLO REG I I 

I I I I I I I I I I 
I I I I I I I I I I 

: : : : ! : . T : : : 
I I I I I I I I I I 
I I I I I I I I I I 

FIGURE 2.2-5 SUBCYCLE 3 - ADD TO A2 EXPONENT DIFFERENCE 1 - FORCE OP ADD-SUB'T 

i_lil1-1-iI1--1il1-_l~lI-11-I 1 I 1 1 I 1 I-1 

PROGRAM CYCLE RING _l _l _l I l l _l I _l l I }LST•ISTOP I I 
_l _l _l _l _l _l _l _l _l _l _l TEST _lsTOP+J 

I I I -1 1- I I 1- l 1- l l l l -1 
PROGRAM RING I I ex I co I c1 I c2 I c3I c4 I ~I c6 I u_I ca £2- I ex l 

SIGNAL NAME LOGIC ABC~CO_j!-BC~Coj_ABCoj_ABCOJABCoj_ABCO_lABCoj_ABC~BC~BCD ABCDlABCDjAB~ 

INSERT DIGITS IN FLO REG ~:~g:~ ~I 11 I 11 If 11~1 2-91 • I • I, ' I • I " I " I • I • I • I " 0-9 . 

A3 RI FR Al ~r~~:i3 I I -8 I I I I I I I I 
• I • I ' • I • I " I • I • I • I • I • I ' • • 

ADV ATHR 
I I I 

44.05.4 I I I I 

ATHR RO TO CH 2 44.05.4:1 I I I I I I I I _L I I I 
I I I 

I I I .L I I I I I I I I 
CHANNEL I ZERO INS 42.84.11 I I 

ADD 44.41 ·_!] ·• 44.41. LSIGN ANALYSIS 
RI A2 FR ADDER 44.82.30 

I I I I I I I I 
I I I 

Al SH LT 44.82.01 
I I I I I I I 
I I I I I I I 

Al ZERO INSERT 44.82.07 I I I I 
I I I .I l I 

Al SH RT 44. 82 ·O! I I I I I I I 
I I I I I I I . 
I I I I I I I I I I 
I I I I I I I I I I 

I I I I I I I I l 
I I I I I I ' I I I I 

I I I I I I I I I I I 
I I I I I I I I I I I 

FIGURE 2.2-6 SUBCYCLE 3 - ADD TO A2 EXPONENT DIFFERENCE OF 8 - FORCE OP ADD-SUB'T 

:r :r I I _J_ 
I.II.IIiiiI.II_lI_lI_lii l J_ I :r I 

PROGRAM CYCLE RING l J_ l l J_ _l l l_ l_ l l ILST+ IsTOPI I 
I I I l l_ J_ J_ l l l J_ TESTj_sTo•+[ 

I I I I I I l l_ 1- l 1- l_ l l l 
PROGRAM RING T I ex I co I c 1 c2 I c3 I c4 I cs I c6 I fil ca I £2._J_ ex J_ 

SIGNAL NAME LOGIC AB co~ CD~BCD~ CD_l AB CD ABCoj_AB Coj_AB CDjAB CD _lAB CD_lAB CD_lAB ciU_ AB Ct!LABCD_[AB ~ 
INSERT DIGITS IN FLO REG ttJ8:~ b_ I I I I I I I I I I I I 

2-81 I • I I I I I I I _i--i_2-91 

A3 RI FR Al ~4 j;2:~~1 I H I I I I I I I I 
11±_4. 2. I I I I I I I I I 

ADV ATHR 144.05.42 
I I I 
I I ::.!: ::!: ::!: I I l" I 

ATHR RO TO CH 2 144.05.42 
I I I I I I I J_ I I I 
I I I 

CH I ZERO INSERT 142.84.11 
I I l I I I I I I I I 
I I ..L 

ADD 4.41 .10 · Jmrl. 4.41 .15 :,SIGN ANALYSIS 1 :!: ::!: 
CH 2 ZERO INSERT 142.84.10 

I I I I I I I I d I I I I I I I I 

ADDER OUTPUT j!14.40 .15 
I I ·E ·• nhh hhhhJ-t I 

RI A2 FR ADDER ~4.82.30 
I l I I 
I ::!: ::.!: __L I 

Al SH LT ~4.82.01 I I I I I I I t 
I I I I I I 

Al ZERO INSERT j44.82.07 I I I 
I I I I 

Al SH RT j!14.82.02 
I I I : . I I 
I I I .I I L I I 

I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 

1 I I I I I I I I I 
I I I I I I ·J_ I I I 
I I I I I I I I I 

FIGURE 2.2-7 SUBCYCLE 3 - ADD TO A2 EXPONENT DIFFERENCE OF 9 - FORCE ADD-SUB'T 



During FAS 1 at Program Cycle Stop + time, or during FAS 2 at C2 time of the 
program ring, the translator is set for Add to A2. The contents of the shift register 
output latches, which contain the exponent difference, condition the shift register to 
Decimal A switches (Logic 44. 80. 02). Two sets of translator switches are provided. 
One set is for the exponent difference low condition and the other for exponent difference 
high. The outputs for the high and low conditions are shown in the following tables. 

Exponent Difference Low (44. 80. 02) 

Exp. Diff S. R. Output Latches 

1 lB, OB 

2 2B, OB 

3 3B, OB 

4 3B, lB 

5 3B, 2B 

6 6B, OB 

7 6B, lB 

Exponent Difference High (44. 80. 02) 

Exp. Diff S. R. Output Latches 

8 6B, 2B 

9 6B, 3B 

10 2B, lB 

11 lB, OB 

12 2B, OB 

13 3B, OB 

14 3B, lB 

15 3B, 2B 
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XLATOR OUTPUT 
FLD REG, Setting 
(Tens PSN) 

9 

8 

7 

6 

5 

4 

3 

XLATOR OUTPUT 

FLD REG. Setting 
(Units PSN) 

9 

8 

7 

6 

5 

4 

3 

2 



The outputs of the shift register output latches are first translated to decimal. As 
indicated by the table, the latch outputs are translated to the tens complement of the 
exponent difference for the exponent difference low condition. This number is then 
translated back to two-out-of-five code and inserted in the field register. This yields 
the correct tens digit for the field register. The units position is always forced to 9 
by the exponent difference low signal. 

The exponent difference high causes a different translation to take place. For the 
high condition, the tens position of the field register is always forced to 2. The units 
position as indicated by the table varies from 9 down to 2 as the exponent difference 
varies from 8 to 15. This causes the field ring to begin the scanning out operation at 
the proper units digit. 

The operation begins by forcing fixed point add-sub't (Logic 42. 86.12). Op A2 is 
also forced causing A2 to be transferred to the auxiliary register at the beginning of 
the operation. 

Objective Timing 

Set Add-Sub't FAS 3 

Set Op Al FAS 3 

Logic and 
Location 

2B-42. 86. 12 

4B-42. 86. 12 

The field ring cuases the arithmetic register to be scanned out onto Channel 2, 
adder entry B, as in a normal add operation. A sign analysis determines the true-add 
or complement-add function in the usual way. A carry is inserted for the subtract 
operation to give a tens complement. Zeros are inserted for the Channel 1 entries. 
The results of the addition are read into Accumulator 2 starting with position 0. Accu­
mulator 2 is simultaneously shifted right each digit time. 

To save the larger exponent for possible adjustment during a later subcycle, 
Accumulator 1 is read into Accumulator 3 at CX-0 time. 

Objective 

RO Fld Reg 

RI Fld Len Reg 

A3 RI FR Al 

Al AB RO 

A3 AB RI 

Adv Athr 

Digit Insert Zeros Ch 1 

Carry Insert (Sub 't only) 

RI A2 FR Adder 

Timing 

ex 

CO BP 

CX-0 

cx-o 

Cl-Op Add to A 

C0-1 

Cl-2 

D25 

Logic and 
Location 

3B-44. 02. 23 

4G-44. 02. 23 

4F-44. 82. 04 

4F-44.82.40 

4B-44. 05. 42 

4B-42. 84.11 

4D-44. 82. 30 



Objective Timing 

Stt A2 Sh RT Cl-2 

Stop A2 Sh RT PC Stop 

Inserts Digits in Fld Reg PC Test 

Add to Al (Figures 2. 2-8, 9, and 10) 

Logic and 
Location 

4D-44. 82. 32 

4E-44. 82. 32 

44.80.05 

Subcycle 4, Add to Al, adds the mantissas and gates the result into Accumulator 1. 

The field register is loaded for the Add to Al operation either during the previous 
subcycle or during subcycle 1 if the exponent difference is zero. The table shown below 
indicates the units position setting of the field register when the exponent difference is 
low. The tens position of the field register is forced to 2 for this conrlition (44. 80. 06}. 

Exponent Difference Low (44. 80. 12) 

Exp Diff S. R. Output Latches 

1 lB, OB 

2 2B, OB 

3 3B, OB 

4 3B, lB 

5 3B, 2B 

6 6B, OB 

7 6B, lB 

XLATOR OUTPUT 
FLD REG setting 
(Units PSN) 

8 

7 

6 

5 

4 

3 

2 

Exponent difference low causes the field ring to scan out the arithmetic register 
onto Channel 2 just as in a normal add. The ring starts the scan at the appropriate units 
position digit as specified by the parallel output latches of the shift register. The pro­
gram cycle ring is started to stop the operation by the coincidence of the field match 
and shift register A last signals just as in a normal add. The program cycle ring is re­
cycled in the CX position by the FAS 4 and PC Test signals (Logic 42. 80.13). 

The exponent difference high condition causes Add to Al to be skipped if the true­
add latch is on. During complement-add, Add to Al is executed because of the borrow 
from the low order of Al. 
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i l l i i i i l i i l i IIII 
_J _J l _J _J _J _J l l _J _J _J 

PROGRAM CYCLE RING i l l i i i i l i i l i jLsr+IsTDPI 
_l _l J _l _l _l _l J J _l _l _l (TESTISTOP+ 

_J jcx-oj co-!..Lt1-tj_ _J _J l _J i l i I I 
PROGRAM RING Icx_Jtoj Cl_J c2_Jt3_Jt4_Jt5jt6j t7_JtB_Jt9_Jt1o(c11(cx 

SIGNAL NAME LOGIC _AB C~CD_[ABCDjABCDI ABCD[ABC~AB C~ABCD_LAB CD lABC'2J!.B C'2J!.BC!ti. AB ~ABC!i[AB""i:q 

RO FLO REG 144.02.23 RI I I I 1-1 I I I I I 
• " I I I I I I I I I I I 

RI F_LD REG 144.02.23 I R I J I I I I I I I I I I I I I I I I I I I 

RI AUXR FR Al ~JL~ 
I E3 I I I I I I I . .1 I I 
I I I I I I I I I I I 

144.05.42 
I I L I I I I I .l. I I I I 

AD.V ATHR I ·- I I I I 

144.05.42 I I I J: I I I I ATHR RO TO CH 2 I I I I I 

ADV AUXR 42.31 .10 
I I 
I I J: I I ± ...!.. ...!.. 
I I I I I I I I I I I I AUXR RO TO CH I 42.31 .13 I I I I 

ADD 44.41·10 ·~ 44.4 • 5 - !.SIG~ ANA1vs1s 
AUXR RI ZEROS 42.31.4i . I I 

I J: ::r ::r ::r: ...!.. 
ADDER OUTPUT 44.40 .15 ·::Fl: 1-t J-t J-t n _Mn EE J-t ,..,_ 
N/C INSERT 44.4 .02 ·' I ·~ 

I I 1 _ I • I I I I I 
IJ)t!ADD OR SUB'T I I I I I 

Al SH RT 44.82.02 • I :::i: 
I 

RI Al FR ADDER 44.82.05 I I I I I I I I I I I 
I 

CH I ZERO INS 42.84.11 ' 
I I I I I I I I I 
I I I I I I I I I 

42.84. l__!J 
I I I I I I ·l I 

CH 2 ZERO INS I I I I I I I 
I I I I I I I I I I I I 
I I I I I I • I I I I I I 

FIGURE 2.2-8 SUBCYCLE 4 -ADD TO Al EXPONENT DIFFERENCE OF 1 - FORCE OP 
ADD TO ACC, OP Al 

I I I i i i i i i i i]~jI 

PROGRAM CYCLE RING 
J: ::r :r ] J: ::r J: ::r J: ::r _J l J. ]_ .l .I l ] _J ::r .rl ] ::r ::ri.u.::I sw_I 

J. J _j J. _j J _l _l J _l _l J. ] TEST} STOP 
i i i i i _l i _l J i _l l J I I 

PROGRAM RING :I ex] co:I c1 :I c2 :I t3] c4:I cs::r t6:I c7 _J~_J c9 _Jtlo] c11J ex 
SIGNAL NAME LOGIC _AB c~ CD jABC~ c~ AB C~BC~ABCD_JAB C~B CD _JAB c~ CD_[ABCaj_ AB~ABC!HAB~ 

44]_2]] ·r I I I . ; . I . : I I I I ; I RI ATHR FR Al 44. I. I I I I I . I I I I I 

ADV ATHR 44.05.41 I J I 
I -,_ I 

44.84. ~( 
I I 

ATHR RO TO CH I r ..!. I I I 

44.83.11 
I I I I I I I .-1 I I I I I 

ADD I COMP ADD I -· 
CH 2 DIGIT INS I 42.84.1< 

I . .rn. I I • I • I I I I I I I 
I I I I I I I I I I 

44.82.0! 
I I .l I :::r :J Al RI FR ADDER I 

44. 82 .o_2 • I I I I I I I I I I I I I 
Al SH RT I 

CH 2 ZERO INSERT 42.84.10 I I :I I I ..! I I I I :i I 
I I 

'CARRY INSERT 44.83.15 <E . : . : . : . : . : . : . : . : . : . I 
I 

ADDER OUTPUT 44 .40 .15 I M.Flh.hhhhhh~ I 
I I 
I I I I I I I I I I I I 
I I I I I I I I I I I I 

FIGURE 2.2-9 SUBCYCLE 4 - ADD TO A 1 EXPONENT DIFFERENCE OF 8 - SKIP THIS 
CYCLE ON TRUE-ADD 

iiiiiiiiiiiiiiiil:Iiiiiilillll 
PROGRAM CYCLE RING I I I I I I II I I I I I I -1 I::r l I I I Ii I iL-j;~~J:~JP 

I .l I I I l i l i i l i .l I .l 
PROGRAM RING _J ex l co ti _J c2 _J al t4 _J ~ _l c6_J ...uJ.__g.J_~ T CilTCx 

SIGNAL NAME LOGIC _ABCD~ COJ!.ICDIM:CD_f ABCD[ABCD_JAI CD_[AB CDJ:'B CD .iABC'2J!.B C~Cl?.[ABCfil:ABCDIABCD 

RI ATHR FR Al ~ . ·~·: ·:·::T.:·:.:.:.:·!·. 
ADV ATHR 44.05.41 I I .I I I I I I :I ::J. 

ATHR RO TO CH I 44.84 • .10 ...!.. ..!;_ ± I 

ADD 44.83.11 I I I I I I I I I I 

CH 2 DIGIT INS I 42.84.li • I ·m I 1 ~O~PAD1£. I I I I I 
I I I • I I I I I I 

CH 2 ZERO INS 42.84.10 I ::r 
I _f I :..!.: I :I 2 :.!: 

Al RI FR ADDER 44.82.0~ 
I I I I I 
I 

Al SH RT 44.82.02 . I 
I :.!: :..!.: I 

CARRY INSERT 44.83.1~ ·F I I I I I I 1- • I I I 
I I I I I I I I I I 

ADDER OUTPUT 44.40.1 ~ I . _b fit _b _b _b_b~~ .b~ I 
I I 
I I I I I I I I I I I I 
I I I I I I I I I I I I 

FIGURE 2.2-10 SUBCYCLE 4 - ADD TO Al EXPONENT DIFFERENCE OF 9 - SKIP THIS 
CYCLE ON TRUE-ADD 



Objective 

Set Floating Ring 
to PSN 4 

Set Floating Ring 
to PSN 5 

Timing 

Signs Comp Add 
FP 3 Adv 

Signs True-add 
Exp Diff ·High FP 3 Adv 

Logic and 
Location 

4A-42. 80. 05 

4H-42. 80. 05 

Accumulator 1, which contains the larger factor, is transferred to. the arithmetic 
register at C0-1 time. The arithmetic register is then read out onto Channel 1. The 
only objective of Add to Al on complement-add when the exponent difference is high is 
the reduction of the. low order digit by 1 to satisfy the borrow condition. A digit 1 is 
inserted on Channel 2 under complement-add control. A simultaneous carry insert 
gives a nine output for the first digit time. Adding a 9 to the low order digit of the 
larger factor on Channel 1 reduces it by one. The remaining string of zeros on Channel 
1 are complemented to 9's. (The carry from the low-order position is propagated 
through all positions causing the digits of the larger factor to be added to zeros). 

Logic and 
Objective Timing Location 

Op Al FAS 4 3E-42. 86.12 

Op Add to Ace FAS 4 30-42. 86. 12 

RO FldReg ex 3B-44. 02. 23 

RI Fld Len Reg co 4C-44. 02. 23 

RI Auxr FR Al 

Al RO AB CX-0 44.82.04 

Auxr RIAB cx-o 42.83.01 

Adv Athr Cl 

Athr RO to Ch 2 Cl-Op Add to A 4B-44. 05. 42 

Adv Auxr SDS Check 4D-42. 31. 10 

Auxr RO to Ch 1 Op Add to A 4D-42. 31. 13 

Auxr RI Zeros Cl 

Al Sh RT Cl-2 5A-44. 82. 02 

RI Al FR Adder Cl-2 4D-44. 82. 05 

Ch 1 Zero Insert C8-9 5F-42. 84. 11 

Ch 2 Zero Insert Cl-2 Exp Diff Hi 5D-42. 84.10 
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Objective 

No-Carry Insert (T-A) 

Exp Diff High 

Digit Insert Ch 2 

Comp Add 

Ch 2 0 Ins 

Athr RI AB 

Al AB RO 

Carry Insert 

Athr RO to Ch 1 

Timing 

Cl-True-Add 

Cl-Exp Diff Hi 

C0-1 Exp Diff Hi 

Cl-2 Exp Diff Hi 

CX-0 

CX-0 

FAS 4 
Exp Diff Hi 
Cl 

C0-1 

Normalize (Figures 2. 2-11, 12) 

Logic and 
Location 

3D-44. 41. 02 

3G-42. 84. 12 

5F-44. 83. 11 

5D-42. 84. 10 

4H-44. 81. 01 

4E-44. 82. 04 

5E-44. 83. 15 

4E-44. 84. 10 

The normalization subcycle counts the number of high-order zeros in Accumulator 
1 or Accumulator 2 if Accumulator 1 is all zeros. This cycle also records the number 
of such shifts and stores the count in the auxiliary register for use in the updating of 
the exponent during the succeeding cycle. 

Fixed point Double Shift and Count is forced on by FP 5 (Logic 42. 86.13). Accumu­
lators 1 and 2 are coupled and shifted left. The shifts continue until a non-zero digit 
appears in the high order position of Al (position 0). 

Al Non Zero The operation begins by first checking Accumulator 1 for the location 
of the high-order digit. The significant digit scanner is set with the location of the high­
order digit during the transfer of Accumulator 1 to the word buffer register at C0-1 
time. Simultaneously Accumulator 2 is read into Accumulator 1. 

The significant digit scanner sets the shift register with the position of the high­
order digit of Accumulator 1. The shift register reads out this number to its parallel 
output latches in 9's complement form. A seven is inserted on Channel 1 at C2 time. 
The shift register output latches are read out to the Channel 2 mix at C2 time under 
complement-add control. A carry insert gives a tens complement number. 

During normalization, Accumulators 1 an,d 2 are shifted until a non-zero digit appears 
appears in position 0 of Al. This is actually two positions more than is required for 
normalization: The number in the Auxiliary Register 2 specified the amount by which 
the exponent must be reduced to compensate for the cycle. 
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Al Zero If Accumulator 1 is all zeros,, the significant digit scanner equal zero 
indication at CO time causes the program ring to recycle. The program ring recycles 
in the CX position. Accumulator 2 is then transferred to the word buffer register and 
the shift is executed exactly as in the Al non-zero case. 

The adjustment of the SDS indication in the shift register output latches is the same 
as for the previous case with one exception. On the second digit time, a one is inserted 
on Channel 1 at C3 time. This indicates that the left shift equalled or exceeded ten. 

As before, the word buffer register is shifted left until a non-zero digit is present 
in position 0. Accumulator 1, which contained all zeros, is transferred to Accumulator 
2 by PC Last +. The word buffer is read into Accumulator 1 one digit time later by a 
PC Stop pulse. 

Objective 

RI WBR FR Al 

Al AB RO 

WBRRIAB 

SDS Sense 

RI A 1 FR A2 

A2 AB RO 

Al AB RI 

Stop Sh Reg RO 

Sh Reg Par RO 

SR RO to Ch 2 

Ch 1 Digit Ins 7 

Carry Ins 

Comp Add 

ZI Lt Sh 

Auxr 2 RI FR Adder 

Auxr 2 Sh RT 

Ch 2 Zero Ins 

Ch 1 Zero Ins 

Timing 

PC Last+ 

C0-1 

C0-1 

CX-0 

C0-1 

ex 

Cl-2 

C2 

C2 

C2 

Cl-2 

C0-1 

C2-3 

C2-3 

C2-3 

C3-4 

D30 

Logic and 
Location 

3E-44. ll. 01 

44.82.60 

2A-44. 06. 09 

3A-44. 21. 00 

4E-44. ll. 00 

4G-44. 80. 11 

4H-44. 80.10 

4E-44. 80.10 

2B-42. 84. 13 

4E-44. 83. 15 

4B-44. 83.11 

5H-44. 50. 23 

4B-42. 83. 03 

4A-42. 83. 04 

5H-42. 84.10 

5D-42. 84.11 



J__IJ_J_..J. -1 1 I 1 I 1 IlIIIJI_l_IJIIIIIII 

PROGRAM CYCLE RING I J_ l 
ll_l_ll 

_[ I T :I T :I I I I :ILsr+Isro•J 

_l J_ l 1 J_ J_ l j_ J_ 1 J_ J_ l J_ l 1 _l J_ l 1 Tl'r 
PROGRAM RING cxjcojc1 c2 J_ C3 J_ c4 J_ C5 J_ C6 l c7 J_ CB J_ C9 l CIO J_ Cl I l c12 _J ex 

SIGNAL NAME LOGIC ABCD~CDJABCD~C~BC~BC~BC~ABCD[ABCDIABc~acD[ABCDIABCD[ABCii:[ABC[j 

RI TO WBR FR Al tttll:26 I I I I I I I I I I I 
·~· I I I I I I I I I 

SOS SENSE 44.06.09 . J-t: I I I I I I I I I 
I I I I I I I I I 

RI TO Al FR A2 44.21 :.8.8 I ·H· I I I I I I I I 
l!i.!LJJ. I I I I I I I I I 

SR RO TO CH 2 44 .80. I 0 I I H I I I I I I I 
I I I I I I I I I 

I DIGIT INSERT 7 42.84.13 
I I 
~ I I I I I I I CH I I I I I I I I I 

CARRY INSERT 44. 83. 15 
I I 1:::1 I I I I I I . I 
I I I I I I I I I 

COMP ADD 44.83. I I 
I I I I I I I I I I I I 
I I :::i:: I I I I I 

44.50.~ 
I I I I ZI LEFT SH I FT I I . .I :::i:: ::i: :::i:: I 

AUXR 2 RI FR ADDER 42.83.03 I I I I I I I 
I I J_ I _I_ _L I I I I I 

AUXR 
I I I ..1. I I J I I I I I 

2 SH RT 42.83.04 I I L I I I I I 

ADV WBR 
I I I 
I I 

. bHLT :::i:: I ::i:: --._ I 

ADDER OUTPUT 44 .40. I~ I I h' I I I I I I I I 
I I • I • I I I I I I I I 

CH 2 ZERO INSERT 42.84.ltj 
I I I I I I I I I I I I I 
I I I I I I I I I 

CH I ZERO INSERT 
I I I I I I I I I 

42 .84.11 I I I I I I I I I 

ATHR RI FR A3 44.82.~~ I I ·R I I I I I I I I I 
44.81 .01 I I I I I I I I I I I 

ADV Al 
I J I I 1MAX INTOWBR .l. J: I I I 
I I "J Al SH LT FOR NORMALIZATION I 

RI TO A2 FR Al 1ttJl·jd I I I I I I I I I I I ·A I I I I I I I I I I I 

RI TO Al FR WBR 44.08.1~ I I I I I I I I I I I I ·r I I I I I I I I I I I I 
I I I I I I I I I I I I I 
I I I I I I I I I I I I I 
I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I 

I I . i. I I I I I I I I I I I 
I I I I I I I I I I I I I 

FIGURE 2.2-11 SUBCYCLE 5 - NORMALIZE lST SIGNIFICANT DIGIT IN Al - FORCE 
DOUBLE SHIFT AND COUNT 

..J.IIIIIIIIII IIIIIIIIIIIlIJ.IIIillIII 

PROGRAM CYCLE RING I I I l I I I I I I I I I I I l I l l I 11 I I I I I I I "s*5~}~J•-!I I 
I I I I I I I I I I I I I I I l :r I 

PROGRAM RING ex I co I ex I co :I c1 I c2 I t3I c4 J t5 I t6 I t7 l cB _l c9J_ c10 ]Cll ml ex l 
SIGNAL NAME LOGIC ,AB CD~BCDJABCDWI_ C~BCDJAB CDl_AB CDl_AB CD JAB CD jABCDJA8 cajt.ac~AB c~ coIABCDIAB cD[AB c~ ABC[j 

tt~:~ . J-j_. I I I I I I I I I 
RI TO WBR FR Al I I I I I I I I I 

SOS SENSE 44.06.09 ·E ·E: I I I I I 
I I I I I 

I ·~ 
I I I I I 

RI TO WBR FR A2 44.08. ~ I I I I I I 

44.80. ~ 
I I ·J-i I I I 

SR RO TO CH 2 I I I I I 
I I ·1Tf I I I 

CH I DIGIT INSERT 7 42. 84. I 3 I I I I 

CARRY INSERT I ·_H I I I 
44 .83. 15 I I I I 

I I I I I 
COMP ADD 44.83 .11 I I I I I 

I I I I I I T I 
AUXR 2 RI FR ADDER 42.83.03 I I I I 

AUXR 2 SH RT 42.83.04 
I I I I I 

I I I I t I 
I I I ' I 

WBR SH LT j44.08.37 I :::i:: I 

Al SH LT 44.11 .03 
I I 
I I I 

WBR RI FR Al tSERIAU 
I I I I 

...[ I 

j42 .84. I 0 
I I I I I I I ·I I 

CH 2 ZERO INSERT I I I ' I 

CH 1 DIG IT INSERT 1 142. 84. 13 ·m I I I I I 1 I 
I I I I I I 

ATHR RI FR A3 ~4.~2·~? ·B I I I I ·T I 
'±_4. I. I I I I I 

CH 1 ZERO INSERT 
J I I I I I I . l I 

142. 84. I I I I I I I 

RI A2 FR Al 
I I I I I I I r--l 44. 21 .oo I I I I I I I 

RI Al FR WBR ~4.08.12 
I I I I I I I ·H· I I I I I I I I 

I I I I I I I I I I 
I I I I I I I I I I I 

I I I I I I I I I I I I 
I I I I I I I I I I I ! I I 

I I ·i I I I I I I I I 1 I I 
I I I I I I I I I I I I I 

FIGURE 2.2-12 SUBCYCLE 5 - NORMALIZE lST SIGNIFICANT DIGIT IN A2 



Objective Timing 

Athr RI FR A3 

A3 AB RO C2-3 

Athr RI AB C2-3 

1st Significant Digit in A2 

Objective Timing 

RI A2 FR Al 

Al AB RO PC Last+ 

A2 AB RI PC Last+ 

RI Al FR WBR 

WBR AB RO PC Stop+ 

Al AB RI PC Stop+ 

Ch 1 Dig Ins 1 C3 

Ch 2 Dig Ins 7 C2 

Update Al Exponent (Figure 2. 2-13) 

Logic and 
Location 

4H-44. 82. 40 

4J-44. 81. 01 

Logic and 
Location 

3E-44. 11. 01 

3B-44. 21. 30 

2H-42. 84. 13 

2B-42. 84.13 

At the beginning of subcycle 6, the exponent of the larger factor is in the arithmetic 
register positions 0-1. This number must be reduced by an amount equal to the number 
in Auxiliary Register 2 to compensate for the normalization operation. 

The arithmetic register positions 0-1 are read out onto Channel 1 by FP Stop of 
the previous cycle . Simultaneously, Auxiliary Register 2 is read out onto Channel 2 

, under complement-add control. The results of the addition are read into Accumulator 
1 positions 0-1 and Program Register D at CX-0 time. Accumulator 2 is shifted right 
two places one digit time later. The digits shifted out of Accumulator 1 are read into 
Accumulator 2 positions 0-1. 

Overflow and underflow tests are made on the updated exponent. The adder outp-qt 
latches are sensed at Cl-2 time (44. 92. 01) for either condition. If the underflow con-
dition exists, the adder output latches will contain 9 at this time. Auxiliary Register 2 
contains, at most, two digits prior to the updating Al ·exponent subcycle. The third digit 
to be entered into the adder will be a 9 (complemented 0). The adder output latches are 
sampled at the end of the third digit time for the existence of the nine digit. During all 
cases except when an exponent less than 00 is generated, a carry is produced which adds 
to the nine producing a zero. An attempt to produce an exponent less than 00 fails to 
generate the carry and the 9 digit appears in the adder output latches indicating an underflow. 
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IIIII JIT 1 T1 T1 T 1 T1 I 1 I 1 IIIIJTT 

END RING T l :J }LST+T STOP 1 1 I 1 LST+IsTOPJ: _T l l T FP OP ] ] I :::IrEsrTsroP:J I T lmr"Jsroi±[ :I ] _l 
:I FU6 :::r ] T 1 ijp7[ ] ] I :::r ] _l T 

PROGRAM RING ex] co :J c1 :J c2:J C3 J ex I co ] ci "I c2:::I c3 ] :I :I ] ] 
SIGNAL NAME LOGIC .ABCD]ABCD)ABCD)ABCDjABCOfABCOfABCi)fABCi)fABCDJABCOfABCOfABC'21.ABC~ABC'21.ABCc 

I I I I I I I I I I I ATHR RO TO CH I (POS 0-1) 44.84.1 I I I I I I I I I 

::i I :I :J" I I I I I I I AUXR 2 SH RT & REGEN 42.83.0 -i·· I I I I I I I 
I I I I I I I AUXR 2 RO TO CH 2 42.84.0 . :.! :I I I I I I I I 

I I I I I I I I I I I 
ADD 44 .83 .11 

I COlv)P. COMP. I 
I I ] 

ADV PR D 42.82.01 
I I I I I I I 

Al SH RT 44.82.02 l" I I I I I I I 
I I I I I I I I I I 

A2 RI FR Al 44.82.31 I I I I I I I 

.L: I 
·• I I I I I I A2 SH RT 44.82.31 I I I I 

I I I I I I I 
Al RI FR ADDER 44.82.05 

~ 
I I I I I 1 I 

I I I I I I I I PR D RI FR ADDER 42.84.02 _r '° 
142.84.11 

I .L I I I I I I I I CH I ZERO INSERT I I I I I I I 

ADDER OUTPUT 144. 40. J 5 . h.b h _,_,_ : . J-tF\Flh: I 

44.84.01 I I I I I I I I I I I PR D RQ TO CH I I I I .. I I 

CH 2 DIGIT INSERT 8 42.84.12 I I I . h-1 I I I I I 
I I I I I I I 

I I I I I I CH 2 ZERO INSERT 142.84.10 I I I I 
I j I I I I I I RI A2 FR ADDER 44.82.30 I I I I I 
I ·.H I I ·R I UNDERFLOW - OVERFLOW SENSE 44.92.08 I I I I 
I I I I I I I I 
I I I I I I I I 

I I I I I I I I 
I I I I I I I I I 

I I I I I I I I I I 
I I I I I I I I I I 

FIGURE 2.2-13 SUBCYCLE 6 - UPDATE Al EXPONENT 
SUBCYCLE 7 - UPDATE A2 EXPONENT 

The overflow condition causes a 1 digit to appear in the adder latches at Cl-2 time 
corresponding to the third digit time. 

Logic and 
Objective Timing Location 

Athr to Ch 1 (Pos 0-1) FP Stop 4D-44 84.10 

Adv PR D FP Stop 4B-42. 82. 01 

Aux 2 Sh RT & Regen FP Stop 4B-42. 83. 02 

Auxr 2 RO to Ch 2 FP Stop 4B-42. 84. 05 

Comp Add FP Stop 4C-44. 83.11 

Al RI FR Adder CX-0 4B-44. 82. 05 

Stt A2 RI FR Al CX-0 4B-44. 82. 31 

Al Sh RT CX-0 4B-44. 82. 02 

PR D RI FR Adder CX-0 4B-42. 82. 02 

A2 Sh RT C0-1 4B-44. 82. 31 
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Objective Timing 

Ch 1 Zero Ins C0-1 

Stop Athr RO to Ch 1 C0-1 

Underflow-Overflow Sense Cl-2 

Stop A2 RI FR Al Cl-2 

Stop Aux 2 Regen RI C2-3 

Update A2 Exponent (Figure 2. 2-13) 

Logic and 
Location 

5A-42. 84. 11 

4J-44.84.10 

4B-44. 92. 01 

4G-44. 82. 31 

4F-42.83.02 

The updated Accumulator 1 exponent in Program Register D is reduced by 8 and 
inserted in Accumulator 2 positions 0-1 during subcycle 7. Program Register Dis 
read out onto Channel 1 by the output of the half-time latch of the floating ring, FP 6-7. 
An eight is inserted at CX time on Channel 2 under complement-add control. Zeros are 
inserted for the remaining Channel 2 entries. The resulting "2" (tens complement of 
8) added to the PR D entry and the remaining 9 (complement 0) entries cause the 
original count in th~ auxiliary register to be reduced by eight. 

The updated Accumulator 2 exponent is then read into Accumulator 2 at CX-0 time. 
A2 is shifted right by the Ari th Op - FP 7 signal to make room for the exponent. 

Logic and 

Objective Timing Location 

PR D RO to Ch 1 FP 6-7 4G-44. 84. 01 

Ch 2 Digit Ins 8 ex 2A-42. 84. 12 

Comp Add FP Stop 4E-44. 83. 11 

Ch 2 Zero Ins CX-0 4B-42 84.10 

A2 Sh RT Arith Op-FP 7 4C-44. 82. 30 

A2 RI FR Adder CX-0 4C-44. 82. 30 

PR D RI FR Adder FP6-CX-0 2C-42. 82. 02 

Ch 2 Zero Ins CX-0 4B-42. 84.10 

Stop PRD RO to Ch 1 FP Last+ 4J-44.84.01 

Underflow Sense Arith Op-FP 7 4B-44. 92. 08 
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End Data Operation 

The normal Stt End Data Operation is generated at C2 of the last subcycle (FP 7). 

An end-data operation may, however, be initiated earlier than the last subcycle 
for the case of exponent difference equal to or greater than 16, as determined during 
compare. 

Objective 

Stt End Data Op 

End Data Op 

Timing 

FP 7 - C2 

Exp Diff Equal to 
or Greater than 16 
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Logic and 
Location 

3F-42. 80. 25 



3. 0. 00 FLOATING RESET ADD+ 75 

The floating reset add instruction requires three subcycles of the basic data cycle. 
The operations to be preformed include reading in and storing the exponent, normaliz­
ing the mantissa, and adjusting the original exponent value. 

FRA, the output of the Op Matrix is switched with-FP 1 from the floating ring to 
initiate the first operation. The floating ring is set to position 1 as usual by a Data 
Control 4 pulse. 

Objective Timing 

Set Floating Ring to Position 1 DC 4 

Logic and 
Location 

4J-42.80.04 

The following objectives are required to perform the floating-reset-add operation. 

A. Read In and Store Exponent 

B. Normalize 

C. Update Exponent ,of Accumulator 1 

D. End Data Operation 

Read In and Store Exponent (Figure 3. 0-1) 

The read-in operation reads the addressed factor into the arithmetic register and 
transfers it to Accumulator 1. Accumulator 1 is alternately shifted left, then right with 
zeros being entered, at the low order and high order, respectively. This operation 
assures that the positions normally occupied by the exponent are zero prior to attempt­
ing the normalization subcycle. 

The process is shown as follows (the digit positions 2-9 are used to represent the 
mantissa): 

s 0 1 2 3 4 5 6 7 8 9 

ZI LT Sh 2 3 4 5 6 7 8 9 0 0 

ZI RT Sh 0 0 2 3 4 5 6 7 8 9 

The original exponent is stored by transferring it. from the arithmetic register to 
Accumulator 3 at Cl time. 

The floating ring is advanced to FP 5 to set up the normalization operation. 
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MEMORY CYCLE ~z1 w~xvJuvw~vtl uv~xvz} uvw~vtl uv~xvJ uvw~vtl uv~xvJ uvw~vJ uv~xvdU\ MEMORY CLOCK 

JTJTJIJIIIJIJJIIJIJliiiiJ1ITI 

T 1 T 1 T 1 TT 1 J I I J
1

T 1 T 
T T T T T 1 J I I l i i J T 

FP OP END RING ITJTITITI1TiTr~tllTiiiiiil1 T 

T 1 T I I I i i l i i i l 1 T 
PROGRAM RING ex Teo Tc1TC2]c31c4]cs1::x T T J I I 1 T 

SIGNAL NAME LOGIC AB cDJAB C6TABC~ CDJ: AB CDJ:AB CD]AB Caj_ AB C~AB CD iAB CDjAB cr21:AB caj_ AB CD[ AB CD]' AB Cii 

H I I I I I I I I I 
RI ATHR FR IB 44.81.01.1 I I I I I I I I I 

44.81.01.1 ·B·:· I I I I I I I 
RJAIFRATHR 44.82.06.1 I I I I I I I 

·:·H· I I I I I I I 
A 3 RI FR ATHR 44.82.40.1 I I I I I I I 

44.82.01. I I I I I I I I I I I 
ADVA I 44.82.02. I I ::sH: '.TI I • ...I:::SH: :::RI L I I I 

I I I I • I I I I I I 
I I I I 

ZIA 1 44.82.07.1 Jo Jl -i :::0: :::0:1 
! I I I I I I I I I I . 

I I I I I I I I I I 

I I I I I I I I I I 
I I I I I I I I I I 

I I I I I I I I I I 
I I I I 

.• 
I I I I I I 

FIGURE 3.0-1 FLOATING RESET ADD - SUBCYCLE 1 - FP 1 READ IN AND STORE EXPONENT 

Objective 

Set FP Ring Psn 5 

RI Athr FR Mem 

RI Al FR Athr 

Athr RO AB 

Al RI AB 

RI A3 FR Athr 

Athr RO AB 

A3 RI AB 

Sh Al Sh Lt 

Stop Al Sh Lt 

Stt Al Sh RT 

Stop Al Sh RT 

ZIAl 

Normalize (Figure 3. 0-2) 

Timing 

FRA-FP 1 Adv 

DC-4 

CX-0-FRA 

CX-0-FRA 

FRA-C0-1 

FRA-Co-1 

FRA l-C0-1 

FRA l-C2-3 

FRA l-C2-3 

FRA 1-FP Stop 

FRA 1 

Logic and 
Location 

4F-42. 80. 05 

6J-44. 81. 01.1 

4C-44. 81. 01.l 

4F-44. 82. 06.1 

4C-44. 82. 40.1 

4A-44. 82. 01. 1 

4E-44. 82. 03.1 

5C-44. 82. 02.1 

5F-44.82. 02.1 

4D-4G-44.82.07.l 

The program ring is recycled in the CX position at the conclusion of the first sub­
cycle. Fixed point double-shift-and-count is turned on by FP 5 (Logic 42. 86.13). Be­
cause the normalization operation is the same as for floating add, FAS 5 is forced on. 
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TIIIIIIIIIIIIIiiiIIIIIIIliiii 

IIIIIIIIIIIIIIIIIIIIIIIIII~s~~+ PROGRAM CYCLE RING 

T I I I I I I I I I I I I I i 
PROGRAM RING i:cx- Ro li• IC2IC3 Ic4IcsI c 61 C7IC8 Ic 9Ic 10I c •iJ: c 1~cx 

SIGNAL NAME LOGIC ABCD~CD iABc~c~ AB C~AB Caj_AB coiAB C~AB CD iABcoiAa c~acaj_ AB91LAB CD_lAB cc 
44.11.01 ·_b· I I I I 

RI WBll FR A I 44.0812.. I I I I 

·E I I I 
SOS SENSE 44.06.09 I I I 

44.21.30 I ·H· I I . 
RI A I FR A 2 44.11.00 I I I 

I ·H I 
SRROTOCH2 44.80.10.1 I I 

I ·E I 

t;;H.1..Q.!GlLINS_ 42.84.13.1 I I 

I ·E I . 
CARRY INSERT 44.83.15.1 I I 

I I I I 
COMP.~DD 44All.I I ::! I 

44.81.01.1 ·_b I I I 

RIAl FR ATHR 44.82.06.1 I I I 
I I I I 

CH I ZERO INS 42.84.11.1 0 0 _LJ.. I 
I .l I I 

CH 2 ZERO INS 42.84.10.1 .JI. ...Q._ _Q. I 
I I I I I I I I J 

WBR SH LT 44.08.07 ::i.· 
I I ..M_[A x ....l. I I . 

ADVA 1 44.11.02 ..A. ..s... ..ll L 
I I I I I 

ADV AUXR 42.83.06.1 I 

I I I I I I 
RI AUXR 2 42.83.03.1 I • ..!!.. J!. ..l!.. I 

44.82.-40.1 I ·B· I I I 
ATHR RI FR A3 M.81.01.1 I I I I 

144.11.01 I I I 
·~· RI A 2 FR A I 44.21.30 I I I I 

44.08.12 I I I I ·_H RI Al FR WBR 44.11.00 I I I I 

·R I I I I 
SET ATHR TO ZEROS 44.81.02 I I I I 

I . T. I I I I I 
I I I I I I 
I I I I I I I 
I I I I I I I 

I I • I • I I I I I 
I I I I I I I 

FIGURE 3.0-2 FLOATING RESET ADD - SUBCYCLE 2 - FP 5 NORMALIZE 

Objective Timing 

FAS 5 FRA-FP 5 

Logic and 
Location 

4B-42. 86. 09.1 

The normalization operation proceeds as usual with Accumulator 1 transferred to 
the word buffer register at CO. The significant digit scanner is turned on at CO and 
transmits the location of the high-order digit to the shift register. The shift register 
reads out to its output latches in nines complement form. The resulting indication in 
the shift register is then read onto Channel 2 gated by complement add and carry insert. 
The Channel 1 digit insert injects a 7 at C2 time. The result of the addition is read into 
auxiliary register 2 low order to be used in the succeeding operation. 

Objective 

RIWBR FR Al 

Al ABRO 

WBRABRI 

SDS Sense 

Timing 

CX-0 

cx-o 

C0-1 

D38 

Logic and 
Location 

21)..44.11. 01 

3A-44. 08. 12 

2A-44. 06. 09 



Logic and 
Objective Timing Location 

ZI Athr FRA 5 4C-44. 81. 02 

RI Al FR A2 

A2 AB RO Cl-2 3F-44. 21. 30 

Al AB RI Cl-2 4E-44. 11. 00 

RI Al FR Athr 

Athr AB RO FRA 5-Cl-2 4D-44. 81. 01. 1 

Al AB RI FRA 5-Cl-2 4C-44. 82. 06. 1 

SR RO to Ch 2 C2 4E-44. 80. 10. 1 

Ch 1 Digit Ins 7 C2 2B-42. 84. 13. 1 

Carry Ins C2 4E-44. 83. 15. 1 

Comp Add FP5-6 FP Stop 5D-44. 83. 11. 1 

Ch 1 Zero Ins C3-4 5D-42. 84. 11 

Ch 2 zero Ins Cl-2 4E-42. 84.10. 1 

RI Auxr C2-3 4B-42. 83. 03 

WBR Sh Lt C2-3 44.08.07 

Adv Al (Al Lt Sh) C3-4 50-44. 11. 02 

Athr RI FR A3 

Athr AB RI C2-3 4H-44. 82. 40 

A3ABRO C2-3 4J-44. 81. 01 

RIA2 FR Al 

Al AB RO PC Last+ 3E-44. ll. 01 

A2 AB RI PC Last+ 3B-44. 21. 30 

RI A3 FR Athr 

Athr AB RO PC Stop 44. 08 .. 12 

A3 AB RI PC Stop 2F-44.11. 00 

D39 



l l l l 1 l l l I l l l I III 
_l l _l _l _l _l _l l _l l l _l _l 

l l l l1.mtt.Ls1on_l l J. l l J. l l T 
FP OP END RING IIIIIII~~~IlI 1 I 1 I 1 I 1 Illl TI 

PROGRAM RING CQLJ_colc1 c2IC3I ]_ l -1 l l I I I I 
SIGNAL NAME LOGIC ABC~CDlABCD~Cl!(ABC~BC~AB CDJ.AB CDJ.AB CD J.AB CfUAB C~ABC~ AB C~AB CDT AB~ 

I I I I I . ! I I I I 
AUXlt 2 RO TO CH 2 42.84.05.1 I I I I 

. I I 
I I J I I I I I I 

ADV AUXR AND REGEN 47.83.02.1 I I I I I 

I I ..1. I I I I I 
ADV PR D 42.82.01.l L I I I I 

:I I I I I I I I 
A TMll_IO_IO_CH_l_ ~.!2...J. I I I I I I 

I I I I I I 
COMP ADD 44.83.11.l I I I I 

I I I I I I I 
ADVA I 44.82.02. I L I I I I I 

I I I I I I I I 
RI A l FR ADDER 44.82.0S. l I I I I I 

I I I I I I 
PR D RI FR ADDBI 42.82.02. l I I I 

I .L I I I I I I 
CH I 7FRn IN<FRT 42 84.JJ.I I _J I I I I 

44.92.01.1 I I . _1.-l I . I I I I 
nvl'llELQ_W'"lJ1'll>ERFLOW SEN 44.92.02.1 I I I I I I I 

I I I I I I I I I 
I I I I I I I I I 

I I I I I . ~ I I I I 
I I I I I I I I I 

I I I I t I I I I I 
I I I I I I I I I I 

FIGURE 3.0-3 FLOATING RESET ADD - SUBCYCLE 3 - FP 6 UPDATE ACCUMULATOR 1 EXPONENT 

Update Al Exponent (Figure 3. 0-3) 

This subcycle causes the Auxiliary Register 2 contents to be subtracted from the 
original exponent now in the arithmetic register positions 0-1. Auxiliary Register 2 low­
order position contains the digit specifying the amount by which the original exponent 
must be reduced to compensate for the normalization cycle. 

FAS 6 is forced on to operate the registers as in the normal floating-add opera-
tion: 

Objective 

FAS6 

Timing 

FRA-FP 6 

Logic and 
Location 

4G-42. 86. 09.1 

The operation reads out the arithmetic register positions 0-1 to Channel 1 start­
ing at CX time. Simultaneously Auxiliary Register 2 is read out onto Channel 2. The 
entries are gated by complement add and carry insert. Auxiliary Register 2 is re­
generated as it is advanced. The result of the complement add operation is read into 
Al starting at CO. Al is shifted right as each digit is entered into the high order. 

Program Register D is also advanced at CX time. The result of the operation 
also enters Program Register D at CO time. Thus, at the end of the updating opera­
tion, the updated exponent is contained in Al and Program Register D. 

The underflow-overflow test is made on the exponent of Accumulator 1 at C2 
time of FP 6. This operation is described in 2. 2. 00. 
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Objective 

RO Amer (Entry B) 

Adv Amer and Regen 

Athr RO to Ch 1 (Pos 0-1) 

Comp Add 

Stt Al Sh RT 

Stop Al Sh RT 

RI Al FR Adder 

Adv PR D 

PR D RI FR Adder 

Ch 1 Zero Insert 

Overflow-Underflow Sense 

End- Data Operation 

Timing 

FP Stop 

FP Stop 

FP Stop 

FP 5-6 FP Stop 

CX-0 

Cl-2 

CX-0 

FP Stop 

Arith Op-FP 6-CX-O 

C0-1 

C2 

The end-data operation occurs at C2 of FP 6. 

Objective Timing 

Stt End Data Op C2-FP 6 FRA 
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Logic and 
Location 

4B-42. 84. 05. 1 

4B-42. 83. 02. 1 

4D-44. 84.10.1 

5D-44. 83. 11. 1 

4B-44. 82. 02. 1 

4G-44. 82. 02.1 

4B-44. 82. 05. 1 

4B-42. 82. 01. 1 

2C-42. 82. 02. 1 

5A-42. 84.11 

44.92.01-44.92.02 

Logic and 
Location 

3G-42. 80. 25. 1 



4, 0, 00 FLOATING ADD DOUBLE +76 
FLOATING ADD DOUBLE SUPP NORM -76 

The Floating Add Double and Add Double Suppress Normalization instructions are 
executed in the same way with one exception. Floating Add Double Suppress Normaliza­
tion does not normalize the result of the addition in Accumulators 1 and 2. 

The two instructions require six subcycles. The operation is similar to floating 
add with two exceptions: 

1. Accumulator 2 is not reset to all zeros because it is a factor in the opera­
tion. 

2. The initial comparison of the two factors is not for the purpose of placing 
the smaller factor in the arithmetic register. Instead, the comparison 
determines that the addressed factor exponent is ~qual to or greater than 
the exponent of the factor in Accumulator 1. If it is not, an error signal 
causes the machine to halt. 

The add-double instruction differs little from the normal floating add, The opera­
tion effectively causes a serial shift right of Accumulators 1 and 2. The number of posi­
tions shifted depends upQJ:l the exponent difference. 

In practice, ~ rif'h}dhift is not accomplished. Instead Accumulator 1 is trans­
ferred to the a..Ji!iU~. re pe~'fsleP. 'rhe factor in Al is then scanned into the• high order 
of Accumulator 2 which simultaneously shifts. right each digit ti:tne .. The digits shifted 
out of the low order of A2 are lost. .Thus, the number of digits lost is equ~l to the ex­
ponent difference. The digits remaining in Al are then added to ~he factor from core 
storage as in the normal floating add. The operation is illustrated for two factors with 
an exponent difference of 6 as follows: 

ATHR (Core Storage Factor) 

s 0 1 2 3 4 5 6 7 8 9 

+ 5 7 6 4 4 3 2 9 1 7 

Al 

s 0 1 2 3 4 5 6 7 8 9 s 0 1 

+ 5 1 3,8 6 4 9 1 3 6 + 4 3 

Add to A2 (Shift Al and A2 Right 6 places) 

Al 

s 0 1 2 3 4 5 6 7 8 9 s 0 1 

3 8 
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A2 

2 3 4 5 6 7 8 9 

7 1 4 9 0 3 5 6 

A2 

2 3 4 5 6 7 8 9 

6 4 9 1 3 6 7 1 
) 



Add to Al 

s 0 1 2 3 4 5 6 7 8 9 

Athr + 5 7 6 4 4 3 2 9 1 7 

Al 3 8 A2 6 4 9 1 3 6 7 1 

Final Result Al A2 

+ 5 7 6 4 4 3 2 9 5 5 4 9 6 4 9 1 3 6 7 1 

During a complement-add operation when the exponent difference is 0-7, it is 
necessary to complement the contents of Accumulator 2 to obtain the correct result. A 
separate machine cycle is used to accomplish this function. 

FAD - Complement Add - Exp Diff of 3 

ATHR (Core Storage Factor) 

+ 5 4 7 4 3 8 2 1 2 4 

Al A2 

s 0 1 2 3 4 5 6 7 8 9 s 0 1 2 3 4 5 6 7 8 9 

- 5 1 3 2 1 9 7 4 1 3 4 3 5 1 9 6 1 2 4 4 

Add to A2 

Al A2 

s 0 1 2 3 4 5 6 7 8 9 s 0 1 2 3 4 5 6 7 8 9 

3 2 1 9 7 4 1 3 5 1 9 6 1 

Add to Al 

s 0 1 2 3 4 5 6 7 8 9 s 0 1 2 3 4 5 6 7 8 9 

Athr + 7 4 3 8 2 1 2 4 

Al 3 2 1 9 7 A2 4 1 3 5 1 9 6 1 

Result: 

Al A2 

+ 7 4 3 4 9 9 2 6 4 1 3 5 1 9 6 1 
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Complement A2 

A2 (!O's Complement) 

s 0 1 2 3 4 5 6 7 8 9 

5 8 6 4 8 0 3 9 

Final Result: 

Al A2 

s 0 1 2 3 4 5 6 7 8 9 s 0 1 2 3 4 5 6 7 8 9 

+ 5 4 7 4 3 4 9 9 2 6 + 4 6 58648039 

The floating ring is set to position 1 by a Data Control 4 pulse. The Op Compare 
Abs function is forced on similar to the other floating-point arithmetic operations. 

Logic and 
Objective Timing Location 

Op Compare Abs 

Set Floating Ring PSN 1 DC 3A 4J-42.80.04.l 

Arith Op - FP 1 FP 1- FP Add-Sub't 4A-42.86.15.l 

Op Compare ABS Arith Op-FP 1 5A-42. 86. 12.1 

Op Al Arith Op-FP 1 3F-42. 86. 12.1 

The following functions must be accomplished during the data cycle to perform the 
add-double and add-double-suppress normalization operations: 

A. Compare Exponents 

B. Add to A2 

C. Add to Al 

D. Complement A2 (On Complement Add if Exponent difference is 0-7) 

E. Normalize (FAD Only) 

F. Update Al Exponent 

G. Update A2 Exponent 

H. End Data Operation 
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MEMORY CYCLE 0 l I 1 0 d I l 0 d I J 0 J I J 0 l I J 0 J I I cc-
MEMORY CLOCK fNxyz UVWXYZ UVWXYZ UVWXYZ UVWXYZ UVWXYZ UVWXYZ UVWXYZ UVWXYZ UVWXYZ UVWXYZ UVWXYZ ~ 

I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 IIIII 

IIIIIIlI1IlIIIlI1I1I1I1I1IJIT_rT1TTT 
I I 1 T I I T I l l l l I ]Last +]S_!_<>R_] ] I 

FP OP END RING J l I l I l I l I l I l 1 l J l J l I l I l 1 l I l 1 T rj:' -rsi +T I T T 
cx]co}c1}C2]C3]C4]c5]c6_Lc7jc0 jc?_lc1ojc11j T -r ex/ I PROGRAM RING 

SIGNAL NAME LOGIC ABCD]ABCD]ABCD]ABCt!.[ABCrTI:ABCD]ABCt!.[ABCDjABCDjABCD]ABCt2.J:ABCD]ABC~ABCD}ABCD[ABCii[ABCD]ABCci 

~ 
I I I I I I I I I I I I I 

RI ATHR FR IB 44.05.51 I I I I I I I I I I I I I 

i---i I I I I I I I I I I I I I 
RI AUXR FR A I 42.31.17 I I I I I I I I I I I I I 

I I J. I I I _l I J. J. I J I I 
AUXR RO TO CH 2 44.06.05 I ::r: ::r: ::r: ::r: I I 

I I I I I I I I I I I I I I 

ATHR RO TO CH I 44.05.41 I I I 

~ 
I I I I I I I I I I I I I 

COMP ADD 44.41.15 I I 
44.82.04.1 

·~ I I I I I I I I . I I I 
RI TO A 3 FR A l. 44.82.40.1 I I I I I I I I I I I 

--:= -;- I I I I I I I I I I I I I 
ZERO SENSE 44.83.06 I I I 

I I I I I I I I I I I I I 
ADV Al 44.82.01.1 I I .:st!_. L I I I I I I I I I 

I I I -1 I I I I I I I I I 
ZIA l 44.82.07 I I J 0 0 •1 I I I I I I I I 

44.82.34. l I ·8 I I I I I I I I I I 
RI TO A 1 FR A 2· 44.82.06. l I I I I I I I I I I I 

44.82.04. l I I I . J:::i I I I I I I 

I RI TO A 2 FR A l 44.82.34. l I I I I I I I I I 

I I I I I ·E I h I I I 

NO CARRY SENSE 44.41.0l I I I I I I I I I 

I I I I I . _b'. I I I 
RI Sii_ FR ADDER 44.80. IO. l I I I I I I I I I 

I I I I I I I I I 
RI PR D 42.82.02.1 I I I I 

I I I I I I I I I 
SET INTERCHANGE 44.83.01. l I I I I I .1 :::r: 

44.81.01. l I I I I I I I ·__H I 
RI TOA l FRATHR 44.82 .06. l I I I I I I I I 

- ~2-:40.1 I I I I I I I ·_H_ RI TOATHR FR A3 44.81.01. l I I I I I I , . I I I I .I: J: .J I I I 
ERROR STOP ON 44.92.20. l I I I I J I I • I I 

I I I I 1 I I I 
RECOMP EXP DIFF I I I I I I I I I 

I I I I I I I I I 
I I I I I I I I I 
I • I I I I I I I I I I 
I I I I I I I I I I I 

I I I I I I I I I I I 
I I I I I I I I .. I I I .. 

FIGURE 4.0-1 FLOATING ADD DOUBLE SUBCYCLE 1 - COMPARE 

Compare Exponents (Figure 4. 0-1) 

The compare function senses the value of the exponent difference. The exponent of 
the addressed factor in the arithmetic register must be greater than or equal to the 
exponent of the factor in Accumulator 1. 

I 
I 

I 
I 
I 
I 
I 
I 

Because there is no interchange of factors possible with add double, the result of 
the mantissa comparison is ignored. The exponent difference is read into the shift re­
gister and Program Register Das in a normal add. The information in the shift register 
output latches is used to set up the field register for the Add to Accumulator 2 subcycle 
in the usual manner (see 2. 2. 00). 

The operation follows the same sequence as Floating Add except that the recomple­
ment subcycle of floating add is not required. 
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The exponent of Accumulator 2 is set to zero during the compare operation. This 
is accomplished by transferring Accumulator 2 to Accumulator 1 at C2 time. Al is then 
shifted left for two digit times. Zeros are read in at the low order. The register is 
then transferred back to A2 at C5 time. This operation sets up A2 for the Add to A2 
subcycle. 

Objective 

RI Athr IB 

RI Auxr FR Al 

Fld Reg to Adder (Op FCX) 

RO FldReg 

No~Carry Ins 

Comp Add 

RI Fld Len Reg 

RO Auxr (Entry B) 

Adv Athr (Entry A) 

Comp Add 

RIA3 FR Al 

Al AB RO 

A3 AB RI 

RI Al FRA2 

A2 AB RO 

Al AB RI 

Zero Sense 

Adv Al (Sh Lt) 

ZIAl 

RIA2 FR Al 

Al ABRO 

A2 AB RI 

Timing 

DC 4 

DC 4 

ex 

CX-AP 

ex 

co 

Cl-SDS Check 

Cl 

Cl 

C0-1 

C0-1 

Cl-2 

FPl-FAD 

C9 + Cll 

C2-3 - Any FAD 

c2-3· 

C4-5 

C4-5 
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Logic and 
Location 

4E-44. 05. 51 

3C-42. 31. 17 

3B-44. 02. 23 

4C-44. 41. 02 

6E-44. 41. 15 

4G-44. 02. 23 

5C-44. 06. 05 

4A-44.05. 41 

2B-44. 41.15 

4C-44. 82. 04 

4B-44. 82. 40 

4H-44. 82. 34. 1 

4E-44. 82. 06. 1 

44.83.06.1 

4B-44. 82. 01. 1 

4D-44. 82. 04. 1 

4F-44. 82. 34.1 



Logic and 
Objective Timing Location 

Error Stop FP 1 - Any FAD 4C-44. 92. 20. 1 
FP Recomp 

No-Carry Sense C9 + Cll 44. 41. 01 

RIPR D C9-10 2A-42. 82. 02.1 

RI SR FR Adder ClO 4A-44. 80.10.1 

Set Interchange Cll - Carry 1st 44.83.01 

RI Al FR Athr 

Athr AB RO FP Last+ 4B-44. 81. 01.1 

Al AB RI FP Last+ 4B-44. 82. 06.1 

RI Athr FR A3 

A3 AB RO FP Stop 4G-44. 82. 40. 1 

Athr AB RI FP Stop 4G-44. 81. 01. 1 

Add to A2 (Figure 4. 0-2) 

This subcycle, as in normal floating add, causes the contents of the arithmetic re­
gister to be scanned into Accumulator 2. Accumulator 1 is transferred to the arithmetic 
register during the compare operation. The field register is loaded as outlined in the 
description of floating add (Section 2. 2. 00). 

The arithmetic register is scanned into the adder on Channel 2 under true-add con­
trol. Zeros are fed for the channel 1 entries. The result is read into the high order 
of A2 with a right shift each digit time. 

1 IIIIIIIIIlIIIlIIIIIlIIIIIIIl 

IIII$I~~IIIIIIITIIIIIIITIII PROGRAM CYCLE RING 
I I I I ~ I I I l I l l I I I 

PROGRAM RING cxj_ cojc ucu CJIC4JC5JC6jc7I c8I I l J_ J_ 
SIGNAL NAME LOGIC AB c~ co JAB c~ Ct>\_ AB Cll!_AB co JAB Ct>\_AB CDjAB co J_ AB CC>]AB CC>]AB col AB Cl>[_AB coj_ AB C!l 

44.82.04.1 . J--i. I I I I I . I 
A 3 RI FR A 1 44.82.40.1 I I I I I 

I ·H· I I I 
ADV ATHR TO CH 2 44.05.42 I I I I 

I ·rn.· I I . I 
DIGIT INS CH 1 42.84.11.1 I I I I 

I ·H· I I 
ADD 44.41.10 I I I 

I ·i . J:::l I 
RI TO A 2 FR ADDER 44.82.30.1 I I 

I I ·_H I 
ADV.A 2 44.82 .32. I I I I 

44.80.06 I I . l:::i I 
INSERT DIGITS IN FLO REG 44.80.05 I I 

.. 
I 

I I I . : . I 
I I I I 
I I I I I 
I I I I I I 
I I I I I I I 
I I I I I I I 

FIGURE 4.0-2 FLOATING ADD DOUBLE SUBCYCLE 2 - ADD TO A2 - EXP DIFF OF 1 

D47 



Objective 

Insert Digits in Fld Reg 

RO Fld Len Reg 

RI Fld Reg 

A3 RI FR Al 

Al ABRO 

A3 AB RI 

Adv Athr (Entry B) 

Digit Ins (Entry A) 

Add 

AdvA2 

RI A2 FR Adder 

Add to Al (Figure 4. 0-3) 

Timing 

PC Test 

ex 

CO BP 

CX-0 

CX-0 

Cl 

C0-1 

Cl 

Cl-2 

Cl-2 

Logic and 
Location 

44.80.05 

3B-44. 02. 23 

40-44. 02. 23 

4F-44. 82. 04. 1 

4F-44. 82. 40.1 

4B-44. 05. 42 

4B-42. 84. 11. 1 

44. 41.10 

4D-44. 82. 32. 1 

4D-44. 82. 30.1 

This subcycle functions for double add just as it does for normal floating add. The 
true-add or complement-add operation depends upon a sign analysis. On complement­
add a no-carry insert is generated to give a nines complement so that the units position 
of Accumulator 1 is one less than usual. This function gives the borrow required during 
the operation. 

iiiiiII I J I 1 I I 1 I I I I 
i i l 1 1 I 1 I I I i 

IIIIIIIlilJJiIJTIIII~;Ts~ilI l PROGRAM CYCLE RING 
i i i I I J I T I I T I I TII 

PROGRAM RING ....cx...1....c..nl~Jc:i TC6LcYTCBTC9TCliilCXT i 
SIGNAL NAME LOGIC ABCll~ co_IABco1A9ci)f AacDJABc!HAB c~AB coIAB co I AB ciRABC~ciil ABcfilAB c~ AB~ 

ADV ATHR CH 2 44.05.42 • : • I I I I I I • : • : • : • ! . : . 
I I I J: I I I I I I I I I I' 

ADVAUXl CH 1 42.31.10 I I I I I 

44.41.10 1--L. I I I I :I J: I I I I 
ADD 44.41.15 1 :>1G~ANA~YSl5 • -j ' ON TRUE ADD 

44.82.04.1 . _r--1_ I I I I I I I 
RIAUXR FRA 1 42.83.01.1 I I .• I I I I I I I I 

·1 ."! I I I I I I I I J 
RI A 1 FR ADDER 44.82.05.1 .. .r 

I I I I I ] . I I 
DIGIT INS CH 2 42.84.12 I I I FOR 1 I J[ "([ I I 

·i I I I I I I I I I 
Dlt>IT , ... ~ CH_l .... "".J.L..l. I I I I I I I 0 

I . : . I I I I I I ·R· RI A 1 FR ATiit 44 .82 .05 ,]_ I I I I I I I 

I I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I I 

• ! . I . . I I . I I I I I l I 
I I I I I I I I I I 

FIGURE 4.0-3 FLOATING ADD DOUBLE SUBCYCLE 3 - ADD TO Al - EXP DIFF OF 1 
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Objective 

RI Auxr FR Al 

Adv Athr (Entry B) 

Adv Auxr (Entry A) 

Add (Sign Analysis) 

RI Al FR Adder 

Digit Ins Ch 2 (for 1) 

Digit Ins Ch 1 

RI Al FR Athr 

Timing 

CX-0 
CX-0 

Cl 

Cl 

Cl 

Cl-2 

C7-8 

C8-9 

Cl-2 

Logic and 
Location 

4C-44. 82. 04. 1 
4B-42. 83. 01. 1 

4B-44. 05. 42 

4D-42. 31. 10 

44.41.10-44.41.15 

4D-44. 82. 05. 1 

42.84.10 

5F-42. 84. 11. 1 

4D-44. 82. 05 

Complement A2 (Figure 4. 0-4) 

If the exponent difference equals 0-7 on a complement add operation, the floating 
ring is set to position 2 after completing the Add to Al function. The Program Cycle 
Ring is recycled in the CX position. Accumulator 2 is then run through the adder under 
complement-add control to obtain the correct result. The correct result is simply the 
tens complement of the contents of Accumulator 2 for this operation. 

FP OP END RING 

SIGNAL NAME 

ADV A 2 44.82.32.1 

CARRY INSERT 44.83.15 

COMP ADD 44.83.11 

RI A 2 FR ADDER 44.82.32 

I l Tl J_ J_ I J_ l J_ J_ l J_ -11.st ls!<>d I 

I I I I I I I I I I I I I I l 
l l _l_ _l_ _l_ _l_ _l_ J _l_ J _l_ l_ l J. l l l 1 i I JL}. •Is•h I I I I 

J_ J_ J_ J_ J_ l J_ J_ l l l l 

I I I I I I I I I I I I 

I I I I I I I I I I I I 
I 

. L I J.: I I I J.: J.: I J.: I I 
I 

·~ I I I 
I I I 

I I I I I 

I I I J.: I I 
I I I I I I I I I I I I 
I I I I I I I I I I I I 

I I I I I I I I I I I I 
I I I I I I I I I I I I 

I I I I I I I I I I I I 
I I I I I I I I I I I I 

FIGURE 4.0-4 FLOATING ADD DOUBLE SUBCYCLE 4A - COMPLEMENT A2 - PERFORM 
THIS CYCLE ONLY FOR COMPLEMENT - ADD OPERATION EXP DIFF 0-7 

Objective 

Set Floating Ring to PSN 2 

Adv A2 

A2 RO to Ch 2 

Timing 

Comp Add 
Exp Diff 0-7 

CX-0 

CX-0 
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Logic and 
Location 

42.80.06.1 

44.82.32 



Objective 

Insert Zero Ch 1 

Carry Insert 

Comp Add 

RI to A2 FR Adder 

Timing 

CX-0 

cx-o 

CX-0 

CX-0 

Logic and 
Location 

42. 84.11 

44.83.15 

44. 83.11 

44.82.32 

If a true-add instead of a complement-add occurs, the floating ring is advanced 
directly to position 5. 

Normalize 

In this subcycle, the only difference between FAD and FADSN occurs during FADSN. 
If the result of the addition has carried into position 1, Accumulator 1 is shifted one place 
to the left. otherwise, Accumulator 1 is shifted left two places. This prepares the 
accumulator to receive the exponent in the succeeding subcycle, Update Al. 

Objective 

Adv Al (Sh Lt) 

Timing 

FADSN - CX-0 
FP 5 

Logic and 
Location 

4E-44. 82. 01. 1 

For FAD, normalization proceeds as it does for normal floating add-sub't. 

Update Al Exponent and Update A2 Exponent 

These two subcycles are accomplished in exactly the same manner as for the float-
ing add-sub't codes. · 

End-Data Operation 

The end-data operation is initiated at C2 of FP 7. 
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5.0.00 FLOATING MULTIPLY+ 73 

The floating-multiply operation forms a sixteen-digit product from an eight-digit 
multiplicand and an eight-digit multiplier. 

The operation adds the exponents of the two factors and performs a fixed-point 
multiplication on the two mantissas. The resulting product is then normalized and the 
exponents of Accumulators 1 and 2 updated to conclude the operation. 

The floating-multiply instruction utilizes five subcycles of the basic data cycle. 
FM from the Op matrix is switched with FP 1, the output of the floating ring, giving 
FM 1. 

Similarly, FM is switched with FP 4, FP 5, FP 6 and FP 7, in turn, to define and 
control the operations occuring within these subcycles. The operation first forces on 
Op Compare Abs and Op Al as in floating add--sub't. 

Objective 

Op Compare Abs 

Set Floating Ring PSN 1 

Arith Op FP 1 

Op Compare Abs 

Op Al 

Timing 

DC 3A 

FPl FM 

Arith Op FP 1 

Arith Op-FP 1 

Logic and 
Location 

4J-42.80.04.l 

4A-42. 86. 15 

5A-42. 86.12 

3F-42.86.12 

The following objectives are required to execute the floating-multiply instruction. 

A. Add Exponents - Store in Program Register D. 

B. Multiply Mantissas 

C. Normalize 

D. Correct Exponent-Insert in Al 

E. Correct Al Exponent-Insert in A2 

F. End Data Operation 

Compare (Figure 5. 0-1) 

For the multiply operation the Compare Abs function adds the exponents of the two 
factors and reads the result into Program Register D. A comparison as such is not 
actually made of the two factors. 

The addressed factor is read into the arithmetic register at CX time. Simultaneous­
ly, Accumulator 1 is read into the auxiliary register. At CO the arithmetic register is 
parallel-transferred to Accumulator 2. The latter operation performs the same function 
as the Reset Add to Accumulator 2 of fixed point divide. 
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FP OP END RING 

SIGNAL NAME LOGIC ABC~ CDTAB CDjAB CJ5f AB COfAB CJ)f AB COf AB C15fAB CDf AB CDf AB CO]AB CD} AB CJIAB CD JAB Cl[AB cQlAB CiJTAB cDf AB C0: AB cQI AB ~ 

MEM TO ATHR REG 44.B1.01 ~ : : : : : : : : : : : ! : : : : : ! : 
RI AUXR FR Al 42.11.17 1-- : : : : : / : : : : : i : : : : i : 

44.Bl.OI i.;:.;,.;;;i I I I I I I I I I I I I I I I I I 
ATHR REG TO A2 44.82.34 II I I I I I I I I I I I I I I I I I 

RIADDRSIGNLATCH 44.90.01 ,...., : : : : /::::::: : : : : : 
I I I I 1 I I I I I I I I I I I I I 

Al SH RT 44.82.02 I I I I I I 
I I I I I I I I I I 

A I REGEN 44. 82. 09 I I .,. ::::r: I I I I I I I 

I I I I I I I I I I I I I I I I 1 
A2 SH RT 44.82.32 I I I I I I 

I I :::f I I I I I I I I 
A2 REGEN 44.82.36 I 1 I I I I I 1 

I I I I I I 
ADV ATHR {ENTRY A_~)-----+-44~·~05.:...4..:.1-J----'~-'----'::r----------~-,---+~-1,._-,---'--'-~-~--'-'----1 

I ::J: J:r rJ:J::J::J:r I I I I 
ADV AUXR {ENTRY 8) 44.06.05 I I I I I 

I :J: :::f I I I I 
TRUE-ADD 44.83.10 I I I I I 

I I , ~ I I I I I l___,! I I J I I I 
NO CARRY INSERT 44.83. 15 fN7Cl. I I I I I . JN7Cl.. I I I I I I I 

I I I I I I J I I I I I I I I I 
A 2 RI z ER 0 s 44. 82. 35 I I I I I I I I I I I I I 

I I I I I I I I J: I I I I I I I 
A I RI ZEROS 44.82.07 I I I I I I I I I I I I I 

( I I I I I l I I I l I l j J 

l_:_:PR.:_:_A:.:D..:.V _________ -+_::42:.:..8::.::2'-".0.:..I +-..:.:--:--:-,:-·: : : : 1 1 1 1 : : : : : 

PR D RI FR ADDER 44.82.02 I I I I I I I I I I I I I 
1 I I I I I I I : . l__,,l I I I I I I I 

CH I ZERO INSERT ------l--'42:.:..8~4.:...1.:..1-1-__ 1 __ , __ 1 __ 1 __ 1 ____ 1_~-~' -~1---~~~~--0-1 __ ,1 __ 1 __ 1 __ 1 __ , __ l'---1 
I I I 1 I I I I :.~11 I I I I I c H 2 z ER 0 I N s ER T 42. 84. I 0 I I I I I I I _r--1 I I I I I I I 

A2 RI FR A2 tUi:lci : ; : : : / : : : · -~ : : : : : : 1 

A2 RI FR A I ttJ~:~t : : : : : : : : : : ' _1~ : : : : i 
I I I 1 I I I I I I I I I I I I I 
I I I l l I I l I J I I l I I I 

I I I I I I I I I I I I I I I I 
l l J• 1 I I I I J I I J I I I I 

1 I I I I I I I I I I I I I I I 
l I I I I I I I I J I I I I I I 

l--------------+---+---,----,--..:.,-,,--,,---,1--1-·1--,--,~--~,---,--,--,---,-·,--1-~1----1 
I I I I I I I I I I I I I I I l 

MULTIPLY-FORM X2 M' CANO 44.84.20 
I I I I I I I I I I c._l-·1-oirl~I· I 
I I I I I I I I I I ,_ ....,,~ 

I I I I I I I I I I I I I I 
I I I I I I ( I I I I I I I 

I I I I I I I I I I I I 
I l I I I I I I I J I I 

I I I I I I I I I I I 
I I I 1 I I l I 1 J I 

FIGURE 5.0-1 SUBCYCLE 1 -ADD EXPONENTS & STORE IN PR D FORCE FIXED POINT 
OP COMPARE ABS & OP A I 
SUBCYCLE 2 - MULTIPLY FORCE FIXED POINT MULTIPLY 

The sign of the addressed factor is read into the addressed sign latches at CO dur­
ing the transfer of the arithmetic register to Accumulator 2. The determination of the 
sign of the result is detailed in 5. 2. 01. 

The field register is set for full field control (0-9) by a Data Control 4 pulse. The 
arithmetic register is read out to Channel 1 and the auxiliary register to Channel 2. 
The entries are gated by true-add and no-carry insert. The result of the addition for 
the first eight digits is ignored. At C9, the units position of the exponent is gated by 
a no-carry insert. The result of the addition of the exponents is read into Program 
Register D. 

Also at C9 time, both Accumulators 1 and 2 have zeros read into positions 0-1. 
This operation insures that both factors start with two leading zeros. 

The final operations occur at the end of Compare to set up the registers for a fixed­
point multiplication. Accumulator 2 parallel-transfers its contents to Accumulator 3 
at PC Last+. Accumulator 1 transfers to Accumulator 2 at PC Stop. 
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Logic and 
Objective Timing Location 

Ins Dig in Fld Reg DC 4 44.80.05.1-44.80.06.1 

Mem to ATHR DC 4 6J-44. 81. 01.1 

RI to AUXR FR Al DC 4 3C-42. 31. 17 

ATHR to A2 

ATHRROAB CX-0 3A-44. 81. 01. 1 

A2 RI AB CX-0 3B-44. 82. 34. 1 

RI ADDR Sign Latch CX-0 4D-44. 90. 01. 1 

Adv ATHR (Entry A) Cl 4A-44. 05. 41 

Adv AUXR (Entry B) Cl-SDS Check 5C-44. 06. 05 

Al Sh RT C0-1 4C-44. 82. 02. 1 

A2 Sh RT C0-1 4A-44. 82. 32.1 

Al Regen C0-1 4B-44. 82. 09. 1 

A2 Regen C0-1 4B-44. 82. 36.1 

No-Carry Insert Cl+ C9 3D-4D-44.83.15.l 

True-Add FM 1 - C0-1 4D-44. 83. 10. 1 

Al RI Zeros C9 + ClO 4A-4B-44. 82. 07.1 

A2 RI Zeros C8-9 4C-44. 82. 35. 1 

Stop Al Regen C8-9 4F-44. 82. 09. 1 

Stop A2 Regen C8-9 4F-44. 82. 36. 1 

PR Adv C9-10 4A-42. 82. 01. 1 

PR RI FR Adder C9-10 2A-42. 82. 02. 1 

Ch 1 Zero Insert Cl0-11 4C-42. 84. 11. 1 

Ch 2 Zero Insert Cl0-11 4G-42. 84.10. 1 

A3 RI FR A2 

A2 AB RO PC Last+ 3H-44. 82. 34. 1 

A3 AB RI PC Last+ 4A-44.82.40.1 
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Objective 

A2 RI FR Al 

Al AB RO 

A2 AB RI 

Multiply Mantissas 

Timing 

PC Stop 

PC Stop 

Logic and 
Location 

4A-44. 82. 04. 1 

2B-44. 82. 34.1 

Fixed point multiply is turned on following the addition of the exponents. 
Logic and 

Objective Timing Location 

FP Stt Mpy FP 1-2, FM 4B-44. 84. 20.1 

The multiply operation is turned on beginning at the Form X 2 Multiplicand cycle. 
The Reset Add to A2 was executed during Compare. The remainder of the operation is 
described in Section 5, 2. 01. 

Because each factor has two leading zeros, the product of the multiplication has 
either four or five high-order zeros. How this affects the exponent is indicated in the 
description of the succeeding subcycle. 

At the completion of the fixed point multiply, an end-multiply signal resets the 
floating ring (Logic 42. 80. 04). 

Normalize (Figure 5. 0-2) 

During normalization, the significant digit scanner is set with the location Of the 
high-order digit of Accumulator 1 in the usual way by the forced double-shift-and-count 
operation. The SDS transfers this count to the shift register. The shift register reads 
out in nines complement form to its output latches. The latch outputs are read out onto 
Channel 2 under complement-add control. Because the original factors each had two 
leading zeros, the resulting product (in Accumulators 1 and 2) has either four or five 
high-order zeros. If the latch outputs specify a 5 digit (indicating four leading zeros), 
this digit becomes a three on Channel 2. The 4 added to the 6 on Channel 1 plus the 
carry insert yields a zero. The carry is ignored. The zero is read into Auxiliary Re­
gister 2 and specifies that 50 is to be subtracted from the exponent during the succeeding 
subcycle. 

The operation is the same when five high-order zeros are sensed. A "l" digit 
however, results from the complement-add operation and is read into Auxiliary Register 
2. This indication causes 51 to be subtracted during the following subcycle. 
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SIGNAL NAME 

RI WBR FR Al 
SOS SENSE 

RI Al FR A2 

RO SR TO CH 2 

CARRY INSERT 

CH I DIGIT INSERT 

COMP ADD 
Al SH LT 

PROGRAM CYCLE RING 
I I J_ T T I I l ILST +[ STOff l J. I I 

I I T T T I I T TmrTsroP;j° I T I 
I T I T I 1 I I I I I I I I I 

"4.11.01 i.......! . I • I l . I • I . . . . : . 
"4.08.12 II I I 

i.,. I I I I I, 
"4.06.09 r-._ I • I • I I I 

~ .i:::::J.: '· : "4.11.00 ~ 

. . L-...! : 44.80.10 c~ 

L-...! : 44.83.15 m. 
42.84.13 R : 
"4.83".11 

:r •• .., 
"4.11.02 

:I 

44.08.07 

ADV AUXR 2 42.83.04 I 1 

I I I I 
I I I I 
I I I I I 
I I I I I 

FIGURE 5.0-2 SUBCYCLE 3 NORMALIZE FORCE FIXED POINT DBL SH & COUNT 

Logic and 
Objective Timing Location 

RIWBR FR Al 

Al ROAB CX-0 2D-44.11. 01 

WBRRIAB cx-o 3A-44. 08.12 

SDS Sense C0-1 2A-44. 06. 09 

RI to Al FR A2 

A2 ROAB Cl-2 3F-44. 21. 30 

Al RIAB Cl-2 4E-44. ll. 00 

RO SR to Ch 2 FP 4 Mpy-Add-C2 4E-44. 80. 10. 1 

Carry Insert FP 5 Mpy-Add-C2 4E-44. 83. 15. 1 

Ch 1 Digit Ins 11611 FM 5-C2 2C-42. 84. 13. 1 

Comp Add FP Mpy-Add Cl-2 4B-44. 83.11.1 

Adv Auxr 2 C2-3 4A-42. 83. 04. 1 

RI Awa 2 FR Adder C2-3 4A-42. 83. 03. 1 
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Objective Timing 

WBR Sh Lt C4 

Al Sh Lt C3-4 

RI A2 Fr Al 

Al AB RO PC Last+ 

A2 AB RI PC Last+ 

RI Al FR WBR 

WBRABRO PC Stop 

Al AB RI PC Stop 

Correct Exponent-Insert in Al (Figure 5. 0-3) 

Logic and 
Location 

44.08.07 

5G-44.11. 02 

3E-44.11. 01 

3B-44. 21. 30 

44.08.12 

2F-44. 11. 00 

The function of the fourth subcycle of the multiply operation is to correct the ori­
ginal exponent and insert it in Al, positions 0-1. 

The number of high-order zeros in Accumulator 1 is determined during the normal­
ization subcycle. During subcycle 4 (FP 5), 50 is subtracted if 4 high-order zeros are 
sensed. If five high-order zeros are sensed, 51 is subtracted. Auxiliary Register 2 
(low-order position) contains either "0" or "l" depending upon whether four or five 
high-order zeros are sensed. 

At CX time, Auxiliary Register 2 is read out onto Channel 2 gated by cotnplement­
add and carry insert. Program Register D, which contains the sum of the original 
exponents, is read onto Channel 1 simultaneously. The result is read into Accumulator 
1, positions 0-1, and Program Register D. Accumulator 1 is shifted right as the digits 
are read in. The two low-order digits of Accumulator 1 are serially read into the two 
high-order positions of Accumulator 2. As Accumulator 2 shifts right, the two low­
order digit positions are lost. 

The exponent is sensed for the overflow-underflow condition at C2 time. This is 
accomplished by sampling the adder output latches at ClO time. The operation is dis­
cussed in Section 2. 2. 00. 

Subcycle 6 Adjust Exponent-Insert in Al 
Logic and 

Objective Timing Location 

Auxr 2 RO to Ch 2 FP 5-6 Mpy Add FP Stop 4B-44.84.05.l 

Auxr 2 Sh RT FP 5-6 Mpy Add FP Stop 4B-42. 83. 04.1 

Auxr 2 Regen FP 5-6 Mpy Add FP Stop 4B-42. 83. 02. 1 

PR D RO to Ch 1 FM FP 5-6 4E-44. 84. 01. 1 
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IIIIIlIIIIIIIIlIIIIIIIIIlilil 

I I I ILsrusro•I I I JLST +Isro•I I I I I 
FP OP ENO RING I l l 1 mrJsro1'.3: I I JmrJsroB: I ] J 

l l l l l l l l l l I J J I I 
PROGRAM RING ex J_co J_c1 J_ c21 CJJ_ ex l col c1 J_ c2J_ Cll l l _L T 

SIGNAL NAME LOGIC .AB c~ C~ABC~ cq: AB CDJAB CDJAB cq:AB C~B c~ cq:AB coIAB coI AB c~ AB coI AB gi 
I I I I I I I I 

PR ADV 42.82.01 I I 

I I I I I I PR RO TO CH I 44.84.01 I I 

R I I I I I I I I I I AUXR 2 RO TO CH 2 44.84.05 I I I I I I I I I I 
I I I I I I I I I I 

AUXR 2 REGEN 42.83.02 I I I I I I 
I I I l I I I I I I AUXR 2 SH RT 42.8J.04 I I I I I I 

CARRY INSERT B I I I I I I I I 
44.8J.15 I I I I I I I I 

I I I L I I I ..J I 
COMP ADD 44.8J. I l I 

·Erl I .. I I I I I CH 2 DIGIT INSERT 42.84. 12 I I I I I I 
I I 

A2 SH RT 44.82.32 .l. I J: ::r: l I I 
I I I I I I A2 RI FR Al 44.82.JI I I I I 
I -1. I I I I I I 

Al SH RT 42.82.02 I I I I 
I I I I l I 

Al RI FR ADDER 44.82.05 _J I I I I 

I I I I I I I I 
CH 2 ZERO INSERT 42.84. 10 I I 

I I ·H I I B I 
EXPONENT TEST 44.90.01 I I I I I 

I I l l . Ja-t I I I I 
CH 2 DIGIT INSERT 42.84.12 I I I I I I I I 

I I I I ·~ I I I I 
CARRY INSERT 44.8J. 15 I I I I I I I I 

I I I I I I I I I 
A2 RI FR ADDER 44.82. JO I I I I I J I I I I 

I I I I I I I I I I I I 
I I I I I I I I I I I I 
I I I I I I I I I I I I 

I I I I I I I I I I I I 
I I I I I I I I I I I I 
I I I I I I I I I I I I 

FIGURE 5.0-3 SUBCYCLE 4 CORRECT EXPONENT - INSERT IN Al 
SUBCYCLE 5 CORRECT EXPONENT - INSERT IN A2 

Logic and 
Objective Timing Location 

Adv PR D Arith Op FP 5-6 4D-42. 82. 01. 1 

Carry Ins Arith Op FP 6 ex 4F-44. 83. 15. 1 

Ch 2 Digit Ins 5 FM 6-CO 2C-42. 84. 12. 1 

Comp Add FP5-6 5D-44. 83. 11. 1 

PR RI FR Adder Arith Op-FP6 CX-0 2C-42. 82. 02. 1 

Al Sh RT Arith Op FP6 CX-0 4B-42. 82. 02. 1 

Al RI FR Adder Arith Op FP6 CX-0 4B-44. 82. 05.1 

A2 Sh RT Arith Op FP6 CX-0 4B-44. 82. 32. 1 

A2 RI FR Al CX-0 4B-44. 82. 31. 1 
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Objective Timing 

Stop A2 RI Al Cl-2 

Ch 2 Zero Ins FM6 C0-1 

Underflow-Overflow C2 

Sense 

A2 RI FR Adder Arith Op- F P7 CX-0 

Stop Auxr 2 Sh RT RI C2-3 

Stop Auxr 2 Regen C2-3 

Correct Al Exponent-Insert in A2 (Figure 5. 0-3) 

Logic and 
Location 

4G-44. 82. 31. 1 

4F-42. 84.10.1 

44. 90. 01.1-02.1 

4C-44. 82. 30.1 

4G-42. 83. 04. 1 

4F-42. 83. 02.1 

The correcting or updating of the Accumulator 2 exponent, as with the other float­
ing-point codes, it simply a matter of reducing the Al exponent by 8. The value thus 
obtained is inserted in Accumulator 2, positions 0-1. 

Program Register D which contains the exponent of Al is read out onto Channel 1 
at CX time. Simultaneously an "8" digit is inserted on Channel 2. The entries are 
gated by complement add with a carry insert. The result is read into A2, positions 0-1, 
and Program Register D. A2 is right shifted for two digit times to make room for the 
exponent. The two low-order digits of A2 are lost. 

The exponent is tested for the underflow condition of C2 time. 
Logic and 

Objective Timing Location 

Ch 2 Digit Ins 8 ex 42.84.12.1 

PR D RO to Ch 1 FP Mpy Add FP 6-7 4G-44. 84. 01.1 

Carry Ins Arith Op-F P 7 4H-44. 83. 15. 1 

Comp Add Arith Op-FP 6-7 4E-44. 83. 11. 1 

A2 RI FR Adder CX-0 4C-44. 82. 30.1 

A2 Sh RT cx-o 4C-44. 82. 32. 1 

Underflow Sense C2 44.90.02.1 

Ch 2 Zero Ins C0-1 42.84.10 

PR RI FR Adder Arith Op-F P6 2C-42. 82. 02. 1 
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Objective Timing 

PR Adv Arith Op-FP 5-6 

Stop PR RO FP Last+ 

Stop A2 Sh RT Cl-2 

Stop A2 RI FR Adder Cl-2 

End - Data Operation 

The end.'..data operation begins at C2 of FP 7. 

Objective Timing 

Stt End Data Op FP 7 C2 
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Logic and 
Location 

4D-42. 82. 01. 1 

4J -44. 84. 01. 1 

4F-44. 82. 32. 1 

4G-44. 82. 30.1 

Logic and 
Location 

3F-42.80.25.1 



6. 0. 00 FLOATING DIVIDE - 73 

FLOATING DIVDE DOUBLE - 75 

The floating-divide and divide-double instruction execution is almost the same. 

Floating divide resets Accumulator 2 to all zeros prior to beginning the divide opera­
tion. During divide-double, Accumulator 2 contains the low-order eight digits of the 
dividend. 

The actual execution includes comparing the mantissas and subtracting the exponents. 
Accumulators 1 and 2 are then complemented as in fixed-point divide. The floating­
divide-double operation uses eight digits in each of Accumulators 1 and 2. Fixed point 
divide is then forced on beginning at the start-divide portion (See 5. 3. 01). Accumulators 
1 and 2 are intE:Jr<;<b,ange<lJ:iLtQ.~~!?:9..si~the divid~ ope:r,:::1:tiol)putting the eight-digit qliO:. · -. 
Iient into .Accumulator 1 and the eight..:digit remainder in Accumulator 2. Tne"C)peratfon 
concludes by correcting the original exponent difference and inserting the updated ex­
ponents in Al and A2. 

The floating ring divides the data cycle into seven subcycles and sequences the 
operation. The subcycles are obtained by switching the Op matrix output, FDD, with 
the outputs of the floating ring, FP1-FP7. 

The floating ring is advanced sequentially through all steps of the instruction. 
FP 1-FP 7 are switched with the appropriate pulse from the program ring to cause the 
advance. The Arith Op signal is switched with FPl to yield Arith Op-FPL This signal 
causes C5p Compare Abs and Op Al to be forced on for subcycle 1. The operation is 
identical to that for floating add-sub't at this point. 

Objective 

Op Compare Abs 

Set Floating Ring PSN 1 

Arith Op-FP 1 

Op Compare Abs 

Op Al 

Timing 

DC 3A 

FP 1-FDD 

Arith Op-FP 1 

Arith Op-FP 1 

Logic and 
Location 

4J-42.80.04.l 

4A-42. 86. 15. 1 

5A-42. 86.12.1 

3F-42.86.12.l 

The following major objectives are required to perform the floating-divide and 
divide-double operations: . \ ~'~r" Compare Mantissas-Subtract Exponents 

v\~ 
,,.,,,,,..,,..#' 

~· B. Complement A2 

C. Complement Al 

D. Divide 

E. Interchange Al & A2 
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MEMORY CYCLE ~ziuv~xvtl uvw~vtluv0xvtl uvw~vJ uv~xvtl uvw~vtluv0xvJuvw~vtluv0xYJuvw~vJuv0xvJ uv MEMORY CLOCK 
I I I I I I I I I I I I I I l _l_ _l_ I 

FP OP END RING 
I _l_ I _l_ I _l_ I I I I I I I I T I I I I I I I T I J I JLs~ ISropj_ I l l l 

1 _l_ l l l 1 l l _l_ l 1 _l_ l Jmr LsTOP+J J_ 

l I l I l I l I l I l I l I l I l I l I l I _l!:sI ~~~}:JP;} l T I I l I l PROGRAM CYCLE RING 
I I I I.I 11 __[_ l l _l__l_ l _l_ l_[_ _l_ l 

PROGRAM RING ex J_ co J c 1 J_ c2 l CJ J c4 l cs J c6 J C7 J cs I c9 Jc 1 o J c 11 W ~ J ex J J 
AB CDjAB CDj_AB CD~ CDj_ AB CDlAB CD lAB CD l AB CDj_AB CDj_AB CDlAB Caj_AB CDJ_ AB CDl AB CD J_ AB c:cj_ AB CD_lAB CDJAB c:g SIGNAL NAME LOGIC 

r-i I I I I I I I I I I I I I 
MEM TO AUXR 42.SJ.OI I I I I I I I I I I I I I 

R I I I I I I I I I I I I I RI ATHR FR Al I I I I I I I I I I I I I 

42.8J.01 ·R: I I I I I I I I I I I I 
AUXR TO A3 44.82.40 I I I I I I I I I I I I 

I I I I I I I I l I I I I I 
ADV A THR 44.05.41 I I I 

I I I I I I 1 J: I I I I I I 
ADV AUXR 44.06.05 I -'- -'- I I 

I ·R: I I I I I I R I I I 
CARRY INSERT 44.8J.15 I I I I I I I I I I 

I I ' I I I I I I I I I I I I 
COMP ADD 44.41. 15 I I 

{FD ONLY I I · F·~ -+- r--..,-+--:--+ -r---1-1 I I 
A2 RI ZEROS 44.82.JS I I I 

I I I I 
Al SH RT 44.82.02 I J ' I I I I I T l I I 

I L I I I I I I I I I I I I 
Al REGEN 44.82.09 I L I I I I 

I I I I I I I .l L I I I I I 
A2 SH RT 44. 82. J2 I I I 

I I I I ..!.. I ' I I J I I I I 
A2 REGEN {FDD ONLY) 44.82.J6 I I I I I 

I I I I I I I I I I I I I I 
A2 RI ZEROS 41 .. 82.35 I I I I I I I I I I I 

I I I I I I I I I L 1 j I I 
Al RI ZEROS l.+11. 82. 07 I I I I I I I 

H 
I I 

I I I I I I I I I I 
SET Al HI-LO-EQUAL 114.83.07 I I I I I I I I I I 

I I I I I I I I .L ..!.. I I PR ADV 42.82.01 I I I I I I I I 
I I I I I I I L I I I 

PR RI FR ADDER 42 .. 82.02 I I I I I I I ::r. 
I I I I I I I I · J=:i I 

CH I ZERO INSERT 42.84. 11 I I I I I I I I I 
I I I I I I I I J--.l I 

CH 2 ZERO INSERT 42.84.10 I I I I I I I I I 

I I I I I I I I I I I 
I I I I I I I I I I I I 

I I I I I I I I I I I I 
I I I I I I I I I I I I 

I I I I I I I I I I I I 
I I I I I I I I I I .. I I 

FIGURE 6.0-1 SUBCYCLE 1 - COMPARE MANTISSAS - SUBTRACT EXPONENTS - FORCE 
FIXED POINT OP COMPARE ABS & OP Al 

F. Correct Exponent-Insert in Al 

G. Correct Exponent-Insert in A2 

H. End Data Operation 

Compare Mantissas-Subtract Exponents (Figure 6. 0-1) 

The Compare Abs operation performs two functions: 

1. Determines which of the two mantissas is greater; i.e. Al~ A3 or A3 > 
Al. 

I I 
I I 

I I 
I I 

I I 
I I 
I I 
I I 
I I 
I I 

I I 
I I 

I I 
I I 

I I 
I 

I 
I 

I 
I 

I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

2. Subtracts exponents, reads the difference or the complement of the difference 
into Program Register D. 

The mantissas are compared so that the proper adjustment factors for the quotient 
and remainder exponents may be inserted during a later subcycle. The following shows 
the resulting conditions and the adjustments indicated for each case, together with sample 
calculations illustrating the two cases. 
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If: Dividend~ Divisor-(carry 1st) 

i.e. Al~A3 

1. Add 51 to quotient exponent. 

2. Subtract 7 from corrected quotient exponent to get correct remainder ex­
ponent. 

If: Divisor> Divident-(no carry 1st) 

i.e. A3 )Al 

1. Add 50 to quotient exponent. 

2. Subtract 8 from corrected quotient exponent to get correct remainder exponent. 

Al Low 

54 125---"---------Dividend in Al 

52 375------------Divisor in A3 

54 125 

Carry Insert 1 1 Carry Insert 

47 625 

02 

PRD-02J 

751 

LNo-Carry-Al Low 

Al Low-Add 50-Sub't 8 

Al A2 

52333 ... 44 ..... 

Al High 

52 375 - Dividend in Al 

54 125 - Divisor in A3 

52 375 

Carry Insert 1 1 Carry Insert 

45 875 

98 251 

PRD98_J L Carry Out-Al High 
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Al High - Add 51 - Sub't 7 

Al A2 

493000 ... 42000 ... 

The operation begins by reading the addressed factor (the Divisior) into the auxili­
ary register at Data Control 4 time. The divisor is then read from the auxiliary re­
gister to Accumulator 3 during the following digit time (CO). Accumulator 1 was read 
into the arithmetic register at CX time. Accumulator 1 contains the high-order eight 
digits of the dividend plus the dividend exponent. If the operation is floating divide, 
Accumulator 2 is reset to zeros during the compare function. 

Objective Timing 

STT A2 Zeros FD-C0-1 

Stop A2 Regen FD 

Logic and 
Location 

4D-44. 82. 35. 1 

5D-44. 82. 36. 1 

The floating-divide-double instruction uses Accumulator 2 for the low-order eight 
digits of the dividend as in fixed-point divide. 

With the high-order digits of the dividend in the arithmetic register and the divisor 
in the auxiliary register, the comparison is initiated. The arithmetic register is read 
out onto Channel 1 and the auxiliary register to Channel 2. The entries are gated into 
the adder under complement--add control with a carry insert to form the tens comple­
ment of the factor in the auxiliary register. 

The adder-carry latches are sensed at C9 time for the existence of the carry. The 
carry or no-carry condition sets either the Al High or the Al Low latch (Logic 44. 83. 07. 1). 
These latches control subsequent execution of the instruction. 

Objective 

Set Al High 

Set Al Low 

Timing 

Carry lst-C9 

No Carry lst-C9 

Logic and 
Location 

4B-44. 83. 07.1 

4E-44.83.07.l 

A carry is inserted at C9 time to form a tens complement number in the units posi­
tion of the exponent. The two digits making up the exponent difference are read into 
Program Register D. This number may be the true difference or the complement of the 
difference as indicated previously. 

The field register is set for full field control by Arith Op-FPl and the Data Control 
4 pulse just as for the floating add-sub't instructions. 

Objective 

Mem to Auxr 

RI to ATHR FR Al 

Auxr to A3 

Timing 

FDDA-DC 4 

FDD l-CX-0 
FDD l-CX-0 
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Logic and 
Location 

6J-42. 83. OL 1 

4F-42. 83. 01. 1 
4E-44.82.40.1 



Objective Timing 

Adv Athr (Entry A) Cl 

Adv AUXR (Entry B) Cl 

Al Sh RT FPl-Mpy-Div, C0-1 

Al REGEN FPl-Mpy-Div, C0-1 

A2 RI Zeros (FD Only) FD-C0-1 FPl 

A2 Sh RT Arith Op-FPl 

A2 Regen (FDD Only) C0-1-No FD 

Carry Insert Cl+ C9 

Comp Add Cl 

A2 RI Zeros C8-9-FDD 1 

Al RI Zeros C9 + ClO-FP Mpy Div 

Set Hi-Lo-Eq C9 

PR D Adv Arith Op-FP1-C9-10 

PR D RI FR Adder Arith Op-FP1-C9-10 

Ch 1 Zero Insert FP 1 Mpy Div-Cl0-11 

Ch 2 Zero Insert FP 1 Mpy Div-Cl0-11 

Stop Al Regen C8-9 

Stop A2 Sh RT PC Last+ 

Complement A2 (Figure 6. 0-2) 

Logic and 
Location 

4A-44. 05. 41. 1 

5C-44. 06. 05.1 

4C-44. 82. 02.1 

4B-44. 82. 09.1 

4D-44. 82. 35.1 

4A-44. 82. 32.1 

4D-44. 82. 36. 1 

5J-44. 83. 15.1 

4C-44. 41. 15. 1 

5D-44. 82. 35. 1 

4A-4B-44. 82. 07.1 

44.83.07.1 

4A-42. 82. 01. 1 

2A-42. 82. 02. 1 

4C-42. 84. 11. 1 

4G-42. 84.10.1 

4G-44. 82. 09.1 

4F-44. 82. 32. 1 

The complementing of the dividend, as in fixed-point divide, is accomplished in 
two steps. The floating-ring outputs, FP2 and FP3, are switched with FDD to give 
FDD 2 and FDD 3. The FDD 2 and FDD 3 signals define, respectively, the complement 
A2 and Al subcycles. 

The execution of the complement function depends upon the Al High or Al Low latch 
setting. When Al is high, the read-out of Accumulator 2 onto Channel 2 starts at Cl 
time. The entries are gated by complement-add and no-carry insert to form a nines 
complement. The entries are read back into Accumulator 2 with a shift right each 
digit time. The Regen at ClO time causes A2 to contain the digits indicated below. The 
digits used represent the digit positions of the original mantissa, i.e. 2-9. 
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FP OP END RING 

PltOGRAMRING 
SIGNAL NAME LOGIC 

A I HIGH 

Al MANTISSA)/ A3 MANTISSA 

A2 RO TO CH 2 44.84.11 

NO CARRY INSERT 44.BJ.15 

A2 SH RT 44.82.J2 

COMP ADD 44.BJ. 11 

A2 RI FR ADDER 44.82. JO 

CH I ZERO INSERT 42.84. 11 

A2 REGEN 44.82.36 

Al LOW 

A3 MANTI SSA> A I MANTI SSA 

A2 RO TO CH 2 44.84. 1 l 

NO CARRY INSERT 44.BJ.15 

CH I ZERO INSERT 42.84.11 

COMP ADD 44.BJ. 11 

A2 SH RT 44.B2.J2 

A 2 RI FR ADDER 44.82. JO 

:I :I 1 1 I I l J: I l ::ILST+]srnP::I I I 
I -T l l I l I l I (rEsrlsrnPi] I 

l l l l I I l I 1 1 l l :I I 
cxJ: CO Cl Jez l CJ 1 C4J C5( CGf C7] CB :I c9J: CIOj CX_l CO( 

AB COll'B CD AB CD!AB cDT AB cOTAB cDTAB ci)f AB Ci)fAB CDlAB Ci)fAB cfil:AB citl AB C~AB cDT AB Cii 
I I I I I I I I I I I I I 
I I 1 I I I I I I I I I 1 

I I I I I I I I I I I I I 
I I I I I I I I I I I I I 

: r "f I iJ. • : : : : m. : : : : : : : : : : 
I I I I I I I I I I I I 
I I 

1 I I I I I I I I I I I I 
I J I I 

: ................. , --~ ........................ ..., ............ ~·--.......... : 
I I I I I I I I I 11 .--c::::r I 
I I I I I I I I t _r-1_ I 

I I I I I I I I I I I I 
I 1 I I I I I I I I I I 

I I I I I I I I I I I I 
I I I I I l l I l I I 

I I I I I I I I I I I 
I I I I I I I I I I 

I I I I l I I I I I 
I I I I I I / I I I 
1 I I I I I I I I I 
I t t I I I I I I I 

I I I I I I I I I I 
I I I I I I I t I I 

I I I I I I I I I I 
I I I I I I I I I I 

1 / I I I I I I I I 
I I I I I I 1 I I 

: -· ........................................... ~L 
I I 
I I :.~ 

'~ I I 
I I 

•' ... • .... 1._ ... 1 .. .;.1 .... ~I ..... I._ ... 1 .... ~Ii--1: : 

f.._..,.1 .. .-1 .. ~1--.... l--~l--... l--·l--~l--~I~~ 
I l I 
I • f 

I I 
I I 
I I 
I I 

I I 
I I 
I I 
I I 

FIGURE 6.0-2 SUBCYCLE 2 - COMPLEMENT A2 DIVIDEND~ DIVISOR (Al ) A3) 
DIVISOR> DIVIDEND (A3 >Al) 

Al High 

s 0 1 2 3 4 5 6 7 8 9 O.L. 

A2-(Cl0) 0 2 3 4 5 6 7 8 9 0 

The Al High condition causes the dividend to be shifted right one place during the 
succeeding subcycle, Complement Al. 

During the Al Low condition, the read-out of Accumulator 2 to Channel 2 occurs at 
C3 time. The entries are gated into the adder as before under complement-add and no­
carry insert to form the nines complement. For this case the read in to Accumulator 2 
is shut off as before at ClO time allowing the read-in to Accumulator 2 of only eight 
digits. The first digit read-in to A2 had been a zero since the first entry had been 
read out to the adder at C3. Only seven digits, therefore, are read into A2 in addition 
to the initial zero. Accumulator 2, when Al is low, appears as follows at ClO time of 
the complement A2 subcycle: 
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Al Low 

s 0 1 2 3 4 5 6 7 8 9 

A2-(Cl0) 3 4 5 6 7 8 9 0 O O 

Al High - Al Mantissa ~A3 Mantissa 
Logic and 

Objective Timing Location 

A2 Sh RT C0-1 FDD 2-Al High 5C-44. 82. 32. 1 

A2 RO to Ch 2 C0-1 FDD 2-Al High 4B-44. 84. 11. 1 

No Carry Insert Cl-FDD 2 Al High 5A-44. 83. 15. 1 

Ch 1 Zero Insert C2-3 FDD 2 Al High 4F-42. 84. 11. 1 

Comp Add C0-1 FDD 2 Al High 4F-44. 83. 11. 1 

A2 RI FR Adder C0-1 FDD 2 Al High 4B-44. 82. 30.1 

A2 Regen C9-10 FDD 2 Al High 4C-44. 82. 36.1 

Stop A2 RO to Ch 2 C8-9 4F-44. 84. 11. 1 

Al Low A3 Mantissa> Al Mantissa 
Logic and 

Objective Timing Location 

A2 Sh RT C0-1 Arith Op FPl 4A-44. 82. 32. 1 

A2 RO to Ch 2 C2-3 FDD +Al Low 4C-44. 84. 11. 1 

No Carry Insert C3 FDD 2 Al Low 5C-44. 83. 15. 1 

Ch 1 Zero Insert C2-3 FDD 2 Al Low 4F-42. 84. 11. 1 

Comp Add C2-3 FDD 2 Al Low 4G-44. 83. 11. 1 

A2 RI FR Adder C2-3 FDD 2 Al Low 4E-44. 82. 30.1 

Stop A2 Sh RT FP Stop 3J-44.82.32.l 

Stop A2 RO to Ch 2 FDD A-FP Stop 4G-44. 84. 11. 1 

Complement Al (Figure 6. 0-3) 

To perform a fixed-point-divide operation, the eight-digit divisor in Accumulator 3 
must be larger than the portion of the dividend in Accumulator 1 (high-order eight digits). 
If this is not the case, the Al.) A3 indication obtained as the result of Compare causes 

D66 



TT1I1IJITlTlTTTlTIIJIIIIIII¥~ PROGRAM CYCLE RI NG 
I I I I l l T l T I 1 I J :I :I J J'J: #srro~B: J l l FP OP END RING 
:J::Illl]lll T T T l T l l l T I 

PROGRAM RING ex T co 1 c1 1 c2 l CJ I c4 I c5T c6 l t7 l cs 1 t9l c101 cx-r T 
SIGNAL NAME LOGIC AB c~ co]ABC~ cor AB cD]'AB c0TAB cDf AB cOTAB CJITAB cQIAB cQIAB c!ITAB C~AB cDT AB Cii 

I I I I I I I I I I I I I Al HIGH I I I I I I I I I I I I I 
I I I I I I I I I I I I I 

Al MANTI SSA ~ A3 MANTISSA I I I I I I I I I I I I I 

I I I I I I I I I I I I I 
I I I I I I I I I I I I I 

::1 I ::1 I I I :J: J I I I I I 
Al RO TO CH 2 44. 84. 12 ::!: , I I I I I 

I I I I 
Al SH RT 44.82.02 I 'T 'T I I 

CH I ZERO INS 42.84.11 
I 

I I T 'T I 

I I I I I I I I 
COMP ADD 44.BJ.11 I I 

I I ~ I I I I I I I I I 
Al RI FR ADDER 44.82.05 

I 
A2 SH RT 44.82. 32 

~ 
I ::r I 

I ~ I I I I I I I I A2 REGEN 44. 82. 36 , I I 
I ·_H_ I I I I I I I 

INSERT TAG DIGIT IN A2 44.21.04 I I I I I I I 

I ···1 I I 
CH 2 ZERO INSERT 42.84.10 I I I 

I I I I I I I I 
I I I I I I I 

I I I I I I I 
I I I I I I I I 

I I I I I I I Al LOW I I I I I I I 
I t I I I I I I A3 MANTISSA> Al MANTISSA I I I I I I I I 

I I I I I I I I 
I I I I I I I I 1· 

I I I I Al RO TO CH 2 44.84. 12 I 'T "T I I I I 
I I I I I I I I I I I I 

Al SH RT 44.82.02 I I 
I J J J: I J: I I 

CH I ZERO INSERT 42.84. 11 I I 

] I I I I 
COMP ADD 44.BJ. 11 I I T I I I 

I I I I I I I I I I I I 
Al RI FR ADDER 44.82.05 I I 

I I I I I A2 SH RT 44.82. 32 ::! ::!: I I I 

I I I I I A2 REGEN 44.82. J6 I 0: ' 'T "T 1. I I I 

·..H. I I I I I I I INSERT TAG DIGIT IN A2 44.21.04 I I I I I I I 
I I I I l I J: I CH 2 ZERO INSERT 42.84. 10 I I I I . r ... I 
I I I I I I I I 

I I I I I I 
I I I I I 
I I I I I 

I I I I I 
I I I I I 

I .. I I I --DIVIDE 44.84.JO I I I I ::!: 7J 
I I I I I I 
I I I I I I 

I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 

FIGURE 6.0-3 SUBCYCLE 3 - COMPLEMENT A 1 DIVIDEND~ DIVISOR (A 1 d- A3) 
DIVISOR> DIVIDEND (A3 >Al) 

SUBCYCLE 4 - DIVIDE 

Al to be shifted right one extra place during the complementing of Al. This action 
effectively divides the dividend by 10 to satisfy the conditions for a fixed point divide. 
During a later subcycle, 51 rather than 50 is added to the exponent difference to adjust 
the quotient value. The exponent of the remainder in Accumulator 2 is 7 less than the 
exponent of the quotient in Accumulator 1 to correct for the dividend right shift. 
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The Al High condition reads out Accumulator 1 to Channel 2 under complement­
add and no-carry insert to form the nines complement. The result is read back into 
Al with a right shift each digit time. The Channel 2 zero insert under complement­
add causes nines to be read into the high-order positions. At C7 and ClO, the register 
looks as follows: 

Al s 0 1 2 3 4 5 6 7 8 9 O.L. 

C7 2 3 4 5 6 7 8 9 0 

ClO 9 9 9 2 3 4 5 6 7 8 9 

If Al is low, the Al read-in from adder turns on at CX and reads the high-order 
digit of A2 into Al. The read-in to Al continues for eight digit times. The register is 
shifted right for a total of ten digit times. Thus, the high-order digit of A2 has shifted 
into the Al output latches. Al, therefore, looks as follows at ClO time: 

s 0 1 2 3 4 5 6 7 8 9 O.L. 

Al 0 0 2 3 4 5 6 7 8 9 2 (High order of A2) 

Accumulator 2 is operated simultaneously. The register is right shifted for ten 
positions with a regen in the first nine positions. At Cl time, the five-bit tag is insert­
ed into A2. 

The register contains the digits specified as follows for the Al High condition upon 
completion of the operation: 

s 0 1 2 3 4 5 6 7 8 9 O.L. 

A2 Q3 4 5 6 

Blank ,._J 
7 8 9 x 0 

Tag~ 
2 

The Al Low condition sets the following digits into Accumulator 2 upon completion 
of complement Al: 

s 0 1 2 

A2 Q 
Blank __I 

4 5 

3 4 5 6 7 8 9 

6 7 8 9 x 
Tag.,_J 

0 0 

Al High - Al Mantissa ~A3 Mantissa 

Objective Timing 

Al Sh RT FDD 2-3 FP Stop 

Al RO to Ch 2 FP 2-3-FP Stop 

Comp Add FDD 2 Al Hi or Low 
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O.L. 

3 

Logic and 
Location 

4D-44. 82. 02. 1 

4B-44. 84. 12. 1 

4F-4C-44.83.ll.l 



Logic and 
Objective Timing Location 

Al RI FR Adder FDD 2-3-FP Stop 4C-44. 82. 05. 1 

Stop Al RI FR Adder FDD 3-C9-10 4F-44. 82. 05. 1 

A2 Sh RT FDD 3 Al High CX-0 2C-44. 82. 32. 1 

A2 Regen FDD 3-Al High CX-0 4A-44. 82. 36. 1 

Stop A2 Regen FDD 3-C7-8 4G-44. 82. 36. 1 

Insert 5 Bits in A2 Cl 44. 21. 04.1 

Ch 1 Zero Insert C2-3 FDD 2 4F-42. 84.11.1 

Ch 2 Zero Insert FDD 3-C6-7 4A-42. 84. 10. 1 

Stop Al RO to Ch 2 FDD 3-C6-7 4F-44. 84. 12. 1 

Al Low A3 Mantissa ~ Al Mantissa 
Logic and 

Objective Timing Location 

Al Sh RT FDD 2-3 FP Stop 4D-44. 82. 02. 1 

Al RO to Ch 2 FP 2-3 FP Stop 4B-44. 84, 12. 1 

Comp Add FDD 2 Al High or Low 4F-4G-44.83.ll.l 

Al RI FR Adder FDD 2-3-FP Stop 4C-44. 82. 05. 1 

A2 Sh RT C2-3 5D-44. 82. 32.1 

Stop A2 Sh RT C8-9 5J-44.82.32.l 

A2 Regen FDD 2-3 Al Low 4D-44. 82. 36. 1 

Insert 5 Bits in A2 Cl 44. 21. 04.1 

Ch 1 Zero Insert C2-3 FDD 2 4F-42. 84. 11. 1 

Ch 2 Zero Insert C6-7 4A-42. 84.10.1 

Stop Al Sh RT C9-10 4E-44. 82. 02. 1 
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SIGNAL NAME 

A I SH LT 

AUXR RI FR A2 

SOS SENSE 

A2RIFRAI 

A I RI FR AUXR 

FP OP END RI NG 
1 I I I J I T 1 _l _l _l T T I 

PROGRAMRING cxJcoTc1Ic2Iciic4IcxI 1 I I I :IT J_ 
LOGIC .AB CD""]AB CD AB c~ CDl_ AB C[j[AB CDJ:AB cOf AB CD AB CD J_ AB Cc>[AB cOfAB cDf AB cDJ"AB cirr AB 9! 

44.82.01 
42.8).01 
44.82.)4 

44.06.09 
44.82.04 
44.82.)4 
42. 83. 01 
... 82.06 

I I I I I I I 
I I I • 1 

8 111111 
. • • I I I I I I 
• L::::'" I • I ·I I I I I 

_f"""ll •I I I I I : 

:-~.::: : : 
: :-R:: : : 
: : : : i : : : 
I I I I I I I 
I I I I I I I 

I I I I I I I 
I I I I I I I 

FIGURE 6.0-4 SUBCYCLE 5 - INTERCHANGE Al & A2 

Divide (Figure 6. 0-3) 

As the floating ring is advanced to FP 4, fixed-point divide is initiated. 

Objective 

STT Divide 

Timing 

FDDA-CX 
FP 3-4 

Logic and 
Location 

4B-44. 84. 30.1 

From here on, the operation proceeds as in the circuit description of fixed-point 
divide (Section 5. 3. 01 of 7601 MI, Vol. II). 

Interchange Al and A2 (Figure 6. 0-4) 

At the conclusion of the fixed-point divide portion, the quotient is in Accumulator 
2 positions 2-9, and the remainder is in Accumulator 1 positions 2-9. The factors in 
the two registers must be interchanged. 

The contents of Accumulator 2 are read into the auxiliary register at CO time, 
which provides temporary storage for this factor. Accumulator 1 then reads its con­
tents into Accumulator 2 at Cl. The auxiliary register transfers its contents to 
Accumulator 1 at C2 to complete the operation. 

The significant digit scanner senses for a zero condition as Accumulator 2 trans­
fers to the auxiliary register at CO. This function checks for a zero quotient. 

Accumulator 1 is left shifted at CX and again at C3 to place both quotient and re­
mainder in positions 0-7 of Al and A2. 

Objective 

Al Sh Lt 

Auxr RI FR A2 

Auxr RI AB 

A2 ROAB 

Timing 

FDD 2-C 2-3 
FDD B FP 4-5 

CX-0 

CX-0 
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Logic and 
Location 

4C-44. 82. 01.1 
4D-44. 82. 01. 1 

4E-42. 83. 01. 1 

5G-44. 82. 34. 1 



Objective Timing 

SDS Sense co 

A2 RI FR Al 

Al ABRO C0-1 

A2 RIAB C0-1 

Al RI FR Amer 

Awcr ROAB Cl-2 

Al RI AB Cl-2 

Correct Exponent-Insert in Al (Figure 6. 0-5) 

Logic and 
Location 

XX-44.06.09 

4B-44. 82. 04. 1 

5F-44. 82. 34. 1 

4H-42. 83. 01. 1 

4D-42. 82. 06.1 

The quotient is transferred to Accumulator 1 during the previous subcycle. Pro­
gram Register D contains the difference of the two original exponents if A3 is greater 
than Al. If Al is greater than or equal to A3, Program Register D contains the com­
plement of the original difference. Program Register Dis read out onto Channel 1 at 
CX time. The Channel 2 Digit insert provides a "l" digit at CX time if Al~ A3 and a 
"5" digit at CO gated by true-add and no-carry insert. If A3) Al, the Channel 2 zero 
insert inserts a zero at CX time and the "5" digit at CO. The result is read into both 
the Program Register D and Accumulator 1 positions 0-1. Accumulator 1 is simultane­
ously shifted right each digit time to make room for the exponent. 

The overflow-underflow test is made in the usual way by sampling the adder output 
latches at Cl-2 time. 

Logic and 
Objective Timing Location 

Insert Digits in Fld Reg (0-1) co XX-44.80.05.1-
44.80.06.1 

PRDADV Arith Op-FP-5-6FP Stop 4D-42. 82. 01. 1 

PR D RO to Ch 1 FDD B-FP 5-6 4F-44. 84. 01.1 

Ch 2 Digit Ins (Al ~ A3) ex A~ High (1) 2G-42.84.12.l 
co (5) 2B-42. 84.12.1 

Ch 2 Zero Ins (A3 >Al) C0-1 5E-42. 84. 10. 1 

No Carry Ins FDD 6-CX 5D-44.83.15.l 

True-Add FDD B-FP 56 4B-44. 83. 10. 1 

PR RI FR Adder Arith Op-FP 6 CX-0 2C-42. 82. 02. 1 

Ch 2 Digit Ins (A3) Al) FDD 6 CO (5) 2B-42. 84. 12. 1 
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I IIIIIIIIIIIIilIIIIIlilIIII~ 
I I :I :Isr+ }roP I I :I }LST+ ::rsTOP::r I :I I l 

FP OP END RING I :I I rmJsro•![ I I Im(P0•+I 1 I T 
I I :I I I I I ~ :I I I I J I I 

PROGRAM RING ex I co I ci I c2 I CJ I ex I co_l Cl .l c2 .l CJ } l l l T 
SIGNAL NAME LOGIC A8C~CDj_A8C~CDl_ABCDl_A8CDj_A8COj_A8C~8C~A8CDl_ABCDj_A8CDj_A8C~A8CDj_A8~ 

PR ADV 
I I I I I I I I .I I I 

42.82.01 I I 

I I I I I I I 
PR 11011 RO TO CH I 44.84.01 I I I I I I I 

I I ·_H_· I I I I I 
(H 2 DIGIT INS (Al)/A3) 42.84.12 I I 51_ I I I I I I I 

H I I I I I I I :J I I 
CH 2 ZERO INS (A3)AI I 42,84.10 I _L I I 

·rn I l ·rn· I I I I I 
CH 2 DIGIT INS (A3) A 11 42.84. 12 I I I I I I I 

I I I I 
CH 2 ZERO INS (Al)/A3) 42.84.10 I I I I I 

I I I I I I I I I I 
CH I ZERO INS 42.84. II I I I I I I. I I I 

8'rl: I I I -8· I I I I I I I 
CARRY-NO CARRY INS 44.BJ.15 I I I I I I I I I I 

I I I I I I I I I 
TRUE ADD 44,8J. 10 I I I I I I I I I I 

I I I I I I 
PR "D" RI FR ADDER 42.82.02 ·..!. _l I I I 

:I I I I I I I I I 
Al RI FR ADDER 44.82.05 I. I I I I I I I 

I I I I I I I I 
Al SH RT 44.82.02 I. I I I I I I I 

44.92.01 I I ·_b I I ·J-i I I I 
EXPONENT TEST 44.92.02 I I I I I I 

' I I I I I I I 
COMP ADD 44.8J.11 I I I ·:..r __L I I 

I I I I I I I 
ATHR RO TO CH I ( POS.0-'1 I 44.84.10 I I I -• __L I I I I 

I I I I I I I I 
A2 RI FR ADDER 44.82.JO I I I L I I I I 

I I I I .1 :I J I I I I 
A2 SH RT 44.82.J2 I I I I :::J. I I I I 

44.80.05 ·__H I I I I I I I I I 
INSERT DIGITS IN FLD REG(0-1'1 144.80 .06 I I I I I I I I I 

I I I I I I I I I I I 
I I I I I I I I I I I 
I I I I I I I I I I I 
I .I I I I I I I I I I I 

I I ·i I I I I I I I I I 
I I I I I I I I I I I 

FIGURE 6.0-5 SUBCYCLE 6 - CORRECT EXPONENT - INSERT IN Al 
SUBCYCLE 7 - CORRECT EXPONENT - INSERT IN A2 

Logic and 
Objective Timing Location 

Al Sh RT Arith Op FP 6 CX-0 4B-44. 82. 02. 1 

Al RI FR Adder Arith Op FP 6 CX-0 4B"-44. 82. 05. 1 

Insert Digits in Fld Reg FDD 6-CO (Tens) 2A-44. 80. 05. l 
FDD 6-CO (Units) 2F-44. 80. 06. 1 

Ch 2 Zero Ins (A3) Al) FP 5-6 Al Low 5F-5G-42.84.10.l 

Stop Ch 2 Zeros (A3) Al) CX-0 FDD 6.Al Low 4J-42.84.10.l 

Ch 2 Zero Ins (Al ~ A3) FDD 6 C0-1 5E-42. 84.10. l 

Exponent Test Cl-2 XX-44. 92. 01. 1 

44.92.02.1 

Stop PR RO FP Last+ 4J-44. 84. 01.1 
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Correct Exponent-Insert in A2 (Figure 6. 0-5) 

Subcycle 7, just as for the 1 other floating-point operations, causes the correct ex­
ponent to be inserted in Accumulator 2. 

The field register is set for 0-1 control during the previous subcycle. 

The arithmetic register contains the original dividend exponent. This exponent 
must be reduced by 7 or 8, depending upon the conditions set by the problem, to yield 
the correct remainder exponent. Positions 0-1 of the arithmetic register are scanned 
out onto Channel 1. An 8 digit is inserted on Channel 2 if A3 ) Al. If Al~ A3, a 
7 is inserted. Both digits are gated by complement-add and carry insert. Zeros are 
inserted for the remaining Channel 2 entries for both cases. The result is read into 
Accumulator 2 positions 0-1. At the end of the operation, Program Register D contains 
the exponent of Accumulator 2. 

The underflow test only is made on the exponent of Accumulator 2. This is accom­
plished in the usual way by sampling the adder output latches at Cl-2 time. 

Correct Exponent & Insert in A2 

Objective 

ATHR RO to Ch 1 (Pos 0-1) 

Ch 2 Digit Ins 8 (A3 > Al) 

Ch 2 Digit Ins 7 (Al ~· A3) 

Carry Ins 

Comp Add 

A2 Sh RT 

A2 RI FR Adder 

Ch 2 Zero Ins (A3 ) Al) 

Ch 2 Zero Ins (Al ). A3) 

Ch 1 Zero Ins 

Exponent Test 

PR RI FR Adder 

ADV PR 

Stop ATHR RO Ch 1 

Timing 

FDD B FP 6-7 FP Stop 

CX Al Low 

ex Al High 

Arith Op-FP 7 ex 

Arith Op FP 6-7 FP Stop 

Arith Op FP 7 CX-0 

Arith Op FP 7 CX-0 

FDD 7 CX-0 

FDD 7-CO-l 

C2 

FP 6 

FP 6 

FDD 7 C0-1 
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Logic and 
Location 

4C-44. 84. 10. 1 

3B-42. 84. 12. 1 

3E-42.84.12.l 

4H-44. 83.15.1 

4E-44. 83.11. 1 

4C-44. 82. 32. 1 

4C-44. 82. 30.1 

5B-42. 84.10. l 

5B-42. 84. 11. 1 

XX-44.90.02.1 

2C-42. 82. 02. 1 

4D-42. 82. 01. 1 

4H-44. 84. 10. 1 



End-Data Operation 

The end of the floating-divide-double operation occurs at C2 time of FP 7. 
Logic and 

Objective Timing Location 

STT End Data Op FP 7-C2 3F-42. 80. 25.1 
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7. 0. 00 FLOATING ROUND + 71 

The floating-round instruction is a no-access cod~ i.e., the command requires 
no operand and, therefore, no access to core storage. 

The main objective of the operation is to round off the mantissa in Accumulator 1. 
At the conclusion of the instruction the mantissa of Accumulator 2 is reset to all zeros 
and carries a zero exponent. The sign of Accumulator 2 is also set to plus during the 
execution of the instruction. 

The operation is illustrated below. Accumulators 1 and 2 are shown at the beginning 
and the end of the instruction. The operation is initiated by adding the "5" digit to the 
high order of the Accumulator 2 mantissa. The carry as shown is added to the Accumu­
lator 1 low order digit to cause the round-off. 

Al A2 

s 0 1 2 3 4 5 6 7 8 9 s 0 1 2 3 4 5 6 7 8 9 

5 4 3 4 6 9 2 1 4 
2]_ 

4 6 7 3 9 6 4 3 1 4 

r· 
Carry 1 L Add "5" to high 

order digit of 
Mantissa. 

Result: 

Al A2 

s 0 1 2 3 4 5 6 7 8 9 s 0 1 2 3 4 5 6 7 8 9 

5 4 3 4 6 9 2 1 4 3 + 0 0 0 0 0 0 0 0 0 0 

The instruction utilizes only one cycle defined by the FRD output of the Op Matrix. 
The operation first loads the field register with 2-2 (Logics 44. 80. 05-06) so that the 
high-order digit of the arithmetic register may be scanned out. 

The operation is described for the two possible cases: Floating Round Carry and 
Floating Round No-Carry. 

No-Carry Condition (Figure 7. 0-1) 

Accumulator 2 is transferred to the arithmetic register at CX time. Accumulator 
1 is read into the auxiliary register at CO. Also at CO, Accumulator 2 shifts right, 
simultaneously reading in .zeros. 

At Cl, the field ring scans out the high-order mantissa digit of the arithmetic re­
gister onto Channel 1. A 5 digit is injected by the Channel 2 digit insert. The entry 
is gated by true-add and no-carry insert. This function tests the value of the high-order 
digit of Accumulator 2. If the digit is five or over, a carry is generated and added to the 
the next digit position entering the adder at C2. 
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I l l I I I I I l l l l l l l lTITT 
r 1 1 1 1J1 1 1 1 1 1 1 1 i 1 1 1 1 1 1 1 1 1 1 1 ~.~ I I 

FP OP END RING l l l l l l l l l l l l l_ JTest j_s~-t[ I 
l l l l l l l l l l l l l l l l I I 

PROGRAM RING ex c o J_ c 1-L c 2J_ ca J c 4 J c 5 J c 6 J_ c 7 l c 8 J c 9 J c 10j_ c 1 u_ c 121 l I ex I 
SIGNAL NAME LOGIC ABCD~C~ABCD~C~ABC'[ABCD}ABC'[ABC~BCDlABC~ABC~ABCD}ABC~ABCD}ABC~ABCl)fABCDTABS!i 

44.82.34.1 
~ 

I I I I I I I I I I I I I I I I 
RJATHRFRA2 44.81.01.1 I I I I I I I I I I I r I J I I 

H I I I I I I I I I I I I I I I 
RI AUXR FR A I 42.83.01.1 I I I I I I I I I I I I I I I 

l l I I I I I I 
A 2 SH RT 44.82.32.1 ..!. ± I ..!. I I I I I 

I I I ..!. ...!. ...!. I I I I I I I 
A 2 RI ZEROS 44.82.35.1 I I I I I 

I ·H l I I I I I I I I I I I I 
ADV ATHR (ENTRY A} 44.84.10.1 I I I I I I I I I I I I I 

I 

~ I I I I I I I I I 
~-! 

I 
CARRY-NO CARRY INSERT 44.83.15. I I I I I I I I I I I I 

I rn I I I I I I I I I ~-d I 
CH 2 DIG IT INSERT 42.84.12.1 I I I I I I I I I I I 

I I I I I I I 
t: •_:i I 

rnuE-ADD 44.83.10.1 I ..!. I 

I I .1 J: ] J: 1 1 '1 I J.: I I 
ADV AUXR 42 .83.06.1 I I -'. ..!. -'. I 

I I l I I I I :I I ..!. ..!. I J I J 

AUXR RO TO CH 2 44.84.06.1 I r I J 
I I I I I I I :I :I I I I --1 I 

CH I ZERO INSERT 42.84.11.1 I J J J 

I I I I I I J J I 
AUXR RI FR ADDER 42.83.03.1 r I r L J I 

44.82.34.1 I I I I I I J I I I ·d J I I I 

IRr TO ""'! FR A 2 44.81.01.1 I I r I I I I I I I I I J I 
r I I I I I I I I I I ·H J I I 

Lier ATHR SIGN + 44.90.05.1 J I r I r I I I J I I I I I 

44.81.01.1 I I I I I I I I I I I I ·B I I 
RIA2FRATHR 44.82.34.1 I I r I I I r I I I I I I I 

I I J I I I I I I I I I I 
·1-~ 

I 
ADV AUXR 2 & 3 RI FR ADR 42.83.03.1 r I I I J I I I I I I I I I 

44.82.06.1 I I I I I I I I I I. I I I I ·_H RI A 1 FR AUXR 42.83.01.1 I r I I I I I I I I I I I I 
I I I I I J J I I I I I I I J I 
I I I I I I r r I I r I I I I J 

I I r I I I I I I I I I I I I I 

I I I I I I I I I I I I I I I I 

J I I I I I I I I I I I I I I I 
I I I I I r I I I I I I I I I I 

FIGURE 7.0-1 FLOATING ROUND 

At C2, the auxiliary register is read out to Channel 2. The auxiliary register con­
tains the contents of Accumulator 1 at this time. The low-order digit is read into the 
adder at C2 coincident with the carry, if a carry exists. The operation then proceeds 
as in a normal add. Zeros are inserted for the Channel 1 entries. 

Carry Condition (Figure 7. 0-1) 

The carry may be extended through all eight digit positions of the mantissa if the 
original mantissa of Accumulator 1 is all nines. If this occurs, the units position of 
the exponent is increased by one and the mantissa is reset to all zeros except for the 
high order position which becomes a 1. The following is an illustration: 

Al A2 

s 0 1 2 3 4 5 6 7 8 9 s 0 1 2 3 4 5 6 7 8 9 

+ 5 6 9 9 9 9 9 9 
91 

+ 4 8 6 4 3 9 2 1 4 4 

L Add 11 511 to high order Carry 11111 

digit of Mantissa. 
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Result: 

Al A2 

s 0 1 2 3 4 5 6 7 8 9 s 0 1 2 3 4 5 6 7 8 9 

+ 5 7 1 0 0 0 0 0 0 0 + 0 0 0 0 0 0 0 0 0 0 

The FR D Carry signal controls the operation for this case. The adder output latches 
are sensed at ClO for the carry out of the high-order position of the mantissa. 

Logic and 
Objective Timing Location 

FR D Carry Carry 1st 4B-44. 83. 17. 1 
FR DA, ClO 

'FR D No-Carry No Carry 1st 4F-44.83.17.1 
FR DA, ClO 

If a no-carry occurs, the true-add latch is shut off at CH, and the adder operation 
is terminated. 

The carry condition, however, specifies that the original mantissa is all nines. 
The mantissa must have a 1 inserted in its high-order position to satisfy the require­
ment for a minimum manfi.ssa value. 

The true-add latch remains on for one additional digit time for the carry condition. 
The auxiliary register is being advanced through Cl2 time. At C12, a 1 digit on Channel 
2 and a no-carry insert result in a 1 output from the adder at FP Last + time. The 
Channel 1 zero insert furnishes an extra 0 for the FR D carry condition for this digit 
time. The adder output is read into auxiliary register 2 high order corresponding to 
position 2 of the mantissa. Auxiliary Registers 2 and 3 are advanced as one eight-posi­
tion register during the operation to read the digit into Auxiliary Register 2, high-order 
position. 

At the end of the operation, the auxiliary register contains the result of the round­
off. The register is parallel-transferred to Accumulator 1 by FP Stop to conclude the 
operation. 

FRD CARRY AND NO-CARRY 

Objective 

Insert Digits in Fld Reg (2-2) 

RIAthr FR A2 

A2 AERO 

Athr AB RI 

Timing 

DC4 

DC4 

DC4 

D77 

Logic and 
Location 

2C-2E-44. 80. 05-
44. 80. 06 

3J-44.82.34.1 

4F-44. 81. 01.1 



Logic and 
Objective Timing Location 

A2 Sh RT cx-o 3C-44. 82. 32. 1 

A2 RI Zeros Cl-2 4B-44. 82. 35.1 

RI Amcr FR Al FR D-CX-0 4D-42. 83. 01. 1 

Adv Athr (Entry A) C0-1 4B-44. 84. 10. 1 

Ch 2 Digit Ins "5" Cl-FR D 2D-42. 84.12. 1 

No-Carry Insert Cl 4A-44. 83. 15.1 

True-Add C0-1 4C-44. 83. 10. 1 

Ch 1 Zero Insert Cl-2 4E-42. 84. 11. 1 

Adv Amcr Cl-2 4B-42. 83. 06. 1 

Amcr RO to Ch 2 Cl-2 4B-44. 84. 06. 1 

Stop Athr RO to Ch 1 Cl-2 4G-44. 84. 10. 1 

Amer RI FR Adder C2-3 4B-42. 83. 07 .1 

Carry Sense ClO 4G-44. 41. 01 

RI Athr FR A2 

A2 ABRO C9-10 4J-44.82.34.1 

Athr AB RI C9-10 4E-44. 81. 01. 1 

Set Athr Sign + Cl0-11 4C-44. 90. 05.1 

Stop A2 Sh RT C9-10 3F-44. 82. 32.1 

True Add Off No Carry-Cll-12 4E-44. 83.10.1 

Stop Amcr 3 RO to Ch 1 FR D-C 11-12 4E-44.84.06.1 

Stop Amcr Adv FR D-FP Last + 4G-42. 83. 06.1 

RI A2 FR Athr 

Athr AB RO Cll-12 5D-44. 81. 01. 1 

A2 ABRI Cll-12 4G-44. 82. 34.1 
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Logic and 
Objective Timing Location 

RI Al FR Auxr 

Awcr AB RO FP Stop-FR D 4G-42. 83. 01. 1 

Al AB RI FP Stop-FR D 4A-44. 82. 06. 1 

FR D CARRY 
Logic and 

Objective Timing Location 

No~Carry Insert Cl2-FR D Carry XX-44.83.15.1 

Ch 2 Digit Ins "1" Cl2-FR D Carry 2J-42.84.12.l 

Stt Amcr 3 RI 2 FR D Carry-FP Last + 4B-42. 83. 10. 1 

Stt Auxr 3 Sh RT RI FR D Carry-FP Last + 4F-42. 83.10. 1 

Stop Awcr 3 RI 2 FR D Carry-FP Stop 4D-42. 83. 10.1 

Stop Auxr 3 Sh RT RI FR D Carry-FP Stop 4H-42. 83.10.1 

Stt Awcr 2 Adder RI FR D Carry-FP Last+ 4C-42. 83. 03. 1 

Stop Auxr 2 Adder RI FR D Carry-FP Stop 4F-42. 83. 03. 1 
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8. 0. 00 FLOATING BRANCH OVERFLOW+ 70 

FLOATING BRANCH UNDERFLOW - 70 

l 

These instructions cause a branching of the problem program to the location in 
core storage specified by the address portion of either the FBV or FBU instruction. 

The overflow or underflow condition sets a floating-overflow or floating-underflow 
latch. The conditions for an underflow or overflow are outlined in Section 2. 2. 00. 

As a result of the command to branch, the address portion of either the FBU or 
FBV instruction is transferred to the instruction counter. The operation from here on 
is as detailed in the description of the Branch codes, Section 5. 8. 00 of Arithmetic and 
Program Unit. 

Objective 

FP BR to D 

FP No Br to D 

FP Br to D 

FP No Br to D 

Timing 

ex 
OpFBV 
FP Overflow 

ex 
OpFBV 
No FP Overflow 

ex 
Op FBU 
FP Underflow 

ex 
OpFBU 
No FP Underflow 

D80 

Logic and 
Location 

XX-44. 92. 01. 1 

XX-44. 92. 01. 1 

XX-44.92.02.1 

XX-44.92.02.1 
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