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For the 1 column, it can Be seen that
o= |
whére lo'determines\thé oﬁtéut of the device and li,the‘input for the 1
column, |
Further: 20 = 21 ¥1;
4o =4y ¥ 24 1,
8y = 8; ¥ 4 Zi ’11 :
gnd if a table of higher orders were constructed it can Qe,shown that

16, = 16; % 8; 45 2, 14

and 32, = 32; ¥ 164 81\, 4 2, 1

or a. general expression can be written for any order variable:;

ng 60y ¥[(n-1)y + (=20 (0=3)j varren 240 15 ]
where n-1, n;Z., etc., refer to successive lowgr order binary ’véjﬂables
to the ntl} order,
For a minimufn number of components, a chain can be constructgd
involving generally one 2-way AND and 1 Exclusive-OR per orde;: except

for the 1§t and 2nd orders,
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‘The delay between input and output would be determined by the

rise times of the Exclusive-OR components and the AND circuits,,




May 14, 1956

A Method of Rapidly Advancing or Decreasing a Binary Number by 1.

One of the te‘r}tative design considerations of the I/O Communi-
cations system for Stretch involves a technique of reading out an address
of 20 binary bits from memory, modifying it by stepping the binary
number up by 1, and storing it back into memory. It is desired to do
this within one memory cycle of 2 psecs. |

Essentially what is needed is a black box, the inﬁut of which is
the original binary number and the output of which is the number advanced
by one. The time between input and output should be as close to zero as
possible.. An approach different from trigger counters or adders shall be
investigated.

Constructing the following table of 4 binary variables

8421
0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

one can determine upon examination an expression by which, for a given

binary number, its successor can be determined.




It caﬁ be seen that in the worst case a carry must be fropagatéd through
the entire chain of AND circuits b.efore the result is stabiliz_ed;

If this carry ‘prolpagation time Becomés restrictive at the speeds
we are interested in, the carry time can bé minirﬁized by‘ breaking the
n bit binary' number up into convenient sections and only propagating
carries between sections. The entire carry propagation time would
therefore be the rise time of one AND circuit multiplied by (nﬁmber of
sections -1). For example, if the number is broken up into sect{lons of

‘4 bits each, the following configuration would result;
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which reduces the carry propagation time considerably, '

A method for éonstrucfiﬁg a logical connective arrangement which
counts déwn by one can also be derived, It is desix;ed that the output.of | |
the devi.ce be the input binary number decreased by 1,
In this case, we can write the expressions for each column as follows:
ly = 1
2. =% .Zi ¥ 1
4, mZi v (2 v li)

80=.8—;v(41v21vli)

16 = TB; v (85 v 4i v 2§ v 1)
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“and in general terms for the nth column of binary varlables '

) -nian 1) v (n- Z)i"'”""' 2 Vli]

The off side of the triggers ,composing the reglster can be utilized

to obtain the denial of the input in each case, - An example of a few orders

of such a counter would be as follows:

52 V7% | % § 4 FRR 7
LA B
. ”q‘ . .
- A4, . B b &8
e"‘c e r lo¢ B o/ ¢
V1 ¥ e A v |
22, ,/4‘, ,?o. ' 4o 20 /o

In the efoyregoing method‘s, counting has been restricted to counting
one ﬁp or‘(‘iown.‘ .It shouldy’ be pointed out that with the addition' of some
. Hv gating the input number can be modified by ’any single‘ binary‘ord’er, 1,

2, 4, 8, etc., by mefely gating the denial of the value of that variable

' ;.nto the cou’nter’inﬁvo the propéz;'position. The number th‘én could Be

“ advénéedor decreavaed )by‘ l or 2 or 4 or 8, etc,, depending ﬁpoﬁ which
denial was gated in, : o g

| Such a counting device would be extremely useful in the Communi-
cét_or_. The same.device would also be useful operatmg;in conjunctikon with
‘othe'r me‘mories of the 'machi'ne where upon comm#nd a Word could be -r\eac‘l

out of memory, atepped by 1 and returned in the same: cycle.

The usefulness of a single component to perform the Exclusive»OR'
. functions becomes readily apparent, Contmuing investigation servesto |
‘ ~ emphasize the need for ani‘ExdlueivaR ‘component and the desirability of

_increasing the activity relating to its development,
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