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The flow diagram for the basic computer has been developed into the form
shown in Figure 1. In order to realize the speeds required of this machine,
it has been necessary to overlap operations by use of a 'pipeline'. By a
'pipeline' is meant a scheme of control whereby several stages of logic all
For example, for a five-
stage 'pipeline', to process the bytes a, b, ¢, and d successively through
stages I, II, III, IV, and V, a pattern of overlapping of operations is devel-

perform simultaneously but on successive bytes.

oped as shown below:

ST AGES
I I I iv v
CYCLE
1 a - - - -
2 b a - - -
3 c b a - -
4 d ¢ b a -
5 - d c b a
6 - - d ¢ b
7 - - - d ¢
8 - - - - d

A checking scheme has been developed for the data flow shown in Figure 1,
under the assumption that registers A, B, C, and D are provided with a
parity bit for each 8 bits of information from Memory. The object of the
checking scheme is (1) to continually update the parity bits as new informa-
tion enters one of these registers, a byte at a time, from the Logical Unit,
and (2) to detect failure of any component within the data flow path.

The checking scheme involves the following operations:

1. The Out Switch of Regiaster AB selects 16 information

bits and two {2) parity bits from the 128 information

bits and 16 parity bits. Thus the performance of this
Switch is che¢ked by any subsequent parity check per-

formed upon the data which passes through it.

k* °

parity bits are labeled Pj’ P
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The Byte Selector L.eft and Byte Selector Right,
together with the Byte Selector OR, select eight
(8) information bits from the 16 presented by the
AB Out Switch. Parity bits P} and Py are gene-
rated for these selected bytes. Note that the sum
of these two parity bits (modulo 2) is the required
parity bit for the selected 8-bit byte which (ulti-
mately) goes to the Logical Unit.

The Complementary Byte Selector Left and the
Complementary Byte Selector Right select the

left and right halves of the complementary byte
(the eight (8)) bits that are not selected to go to

the Logical Unit). Left and right refer to the two

parts of the byte as divided by a byte boundary in
register AB. The division into left and right selec-
ted or complementary bytes is determined by the

bit . address. Byte Boundaries occur between ad-
dresses 7 and 8, 15 and 16, ..., 127, and 0. The
example which follows illustrates this process:
(Note that parity bits P.] and Py are generated for
the bits coming out of the complementary byte selec-
tors). ' |

Byte Boundary

12 13 14 15116 17 18
1 1 0 0|1 0 1 (Byte Size «7)

Left 4_.:5#'—_’ \"Y:“_’_, Right

"Portion Bit Address = 12 Portion

iithin sta:ﬁ

There is not enough time'to check the operation of all

the above circuitry, so the parity bits together with
the data selected to go to the Logical Unit are stored
in Register 1 or 1', depending upon the cycle. Since
the Parity bits are carried along, all of the circuitry
in Stage I can be checked by suitable parity checks
performed later.

The Parity check upon operations in Stage I are per-
formed in Stage II. The sum (modulo 2) of parity bits
Pj, Pc), and P) is generated and if this is up, an error
is signaled. A similar operation is performed for
parity bits Pk, Py, and Py to signal an error. The
sum (modulo 2) of the Parity bits P; and P, i8 generated
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and the out of phase output is taken as the parity

bit of the selected byte. Parity bits are genera-
ted for the outpluts of the Pass Gate and Comple -
mentary Pass Gate. Call them Pg and ch, re-
spectively. The sum (modulo 2) of P;, Py, Pg,
and Pgg is generated and if this is up, an error '
is signaled. In this way, the operation of the Pass
Gate and the parity generator attached thereto, is
adequately checked.

(Note: P) and Py must be updated as the data passes
through the pass gate).

6. Stage III contains the Adder Unit and a Parity Bit
Predictor. The operation of the Adder Unit is not
checked by parity until stage IV, however.

7. In Stage IV, the Parity bit associated with the data
undergoes modification in accordance with the re-
@ quirements of decimal correction. The decimal
: " correction is not checked until stage V, however.

8. In Stage V, the operation of Stage IV is checked and
the result byte entered into the appropriate register
together with the corresponding updated parity bits.

The operations that take place within Stage V deserve further consideration.
First of all, the parity bits Pj, Py, P;, and Py, which were generated in Stage
I, are carried down the pipeline to Stage V. Pj; and Py are modified in Stage
II in accordance with the Pass Gate operation. They are used to correctly up-
date all the parity bits. In Figure 2 is illustrated an example showing how the
Parity bits are revised. The Operand field lies in Register AB at address 21,
field length is 14 and byte size is 4. The result is to be returned to Register
AB. The operation is that of inverting all bits of the field.

To correctly update the parity bits, it is necessary to know two pieces of in-
formation: '

1. Does the left (right) parity bit need to be altered?
2, What is the current status of the left (right) parity bit?
Q By calculating the left and right parity bits for the result byte, calling them

P'y and P'y, respectively, it is possible to tell whether the corresponding
parity bits of register AB must be changed. In calculating these parity bits,
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the following rules are used:

1. If P} and P') disagree, change the left parity bit (left
relative to current bit address).

2. I1f the right parity bit (right relative to current bit ad-
dress) needs to be altered and P, disagrees with P',,
then change the right parity bit.

A trigger is provided within Stage V to remember the current status of the left
parity bit. Thus for the first byte the left parities disagree, Pj says that cur-
rent left parity bit is on so P¢ is turned off and the trigger is turned off. The
right parities also disagree, so Pgq, which was off, as indicated by Py, is turned
on. -

For the second byte, the left parities agree and the right parity bit is unaffected,
so all parity bits remain unaltered.

For the third byte, the machine has just passed a byte boundary, so the reference
status of the left bit is now contained in Pj. The left parities disagree, so Py, is
set to one and the trigger is set to one. The right parities disagree so P¢ is set
to one, since its previous status was zero, as indicated by the previous status of
the trigger.

" For the last byte, which is two bits long, the left parities agree and the right

parity bit is unaffected, so all parity bits are unaltered.
SUMMARY AND CONCLUSIONS

The checking scheme described above appears to permit a high degree of con-
tinuity of checking, in which any single “bit failure in the entire data flow path,
including intermediate registers can be detected. By this scheme, the parity
bits of the main registers A, B, C, and D are continually updated, so that the
register always (for correct operation) contains the proper parity bits. It

should be noted that the operations of Stage V cannot be checked in Stage V but
must be done at a later stage, say as the data is sent to memory or sent again

to the Logical Unit,

Frank B. Hartman
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