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Figure AII-4. Hoop Mounted Plated Foil
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Figure AII-5.

Precision Taut Disk Forming Press
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Twelve.Inch Disk Test Apparatus

Figure AII-6.
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Figure Ali-7.

Arm Drive Motor Test Equipment
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APPENDIX III. FIXED HEAD AND SHORT LOOP
OPERATION AND UTILITY

A, INTRODUCTION

It is possible to construct certain registers, buffers, and logical
elements with the aid of recirculating loops in a rotating magnetic
memory. Medium speed digital computers have long found the cost of
storing information on magnetic surfaces is much less than for storing
in other memories suitable for electronic manipulation of data. These
computers often make optimum use of such loops and registers to
minimize their total cost. In fact, several machines have been built
with less than seven logical flip-flops contained in their entire arith-
metic and control structure. Placing two heads on the same track,
some number of sector lengths apart, provides a lower-capacity
memory than that of a full channel but with a proportionally lower
access time. More than one such loop may be placed on a given track.
If there are normally 100 sectors around the disk, then two heads spaced
10 sector lengths apart may be used to provide a 10-word capacity loop
with an access time of one-tenth the access time of a track containing
but one head. Logic can be placed between the read and the write cir-
cuitry to alter the data being written. By the serial nature of the
operation, only one bit can be altered at a given clock time. This
yields an accumulator at a cost of one carry flip-flop and four gates if
two such loops are used---a very low price indeed. If an extra delay
flip-flop is inserted with or without placing the heads one bit closer
together, the recirculation loop can be used as a shift register. Shift
occurs when the loop length is altered from normal by gating the flip-
flop into or out of the loop. A combination of the add and shift by such
methods produces a multiply or divide operation. As can be seen, the
material costs are not very great.

An objection frequently raised is that the multiply time or divide
operation is a number of bit times equal to the square of the loop
length in bits. Relatively long manipulation times do indeed accrue
when utilizing such controls and registers in data handling. However,
the simplicity of equipment for control is such as to yield an extremely
high total data flow rate when logically sequential operations are mani-
pulated in a like manner. Some specific examples of applications of
short loop utility are described in the following sections.
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B. BUFFER TRACK FOR SERIAL DATA TRANSFER

The problem of moving data within a disk file generally requires
transfer between different channels and sectors. Transfer of data
between channels merely involves reading from one channel and writing
on another channel., Transfer of data between sectors presents a timing
problem that requires a delay between the reading and writing stations.
For maximum flexibility, a variable delay from one word to just under
a full disk channel is needed.

Assume that a block of information starting with a sector address
Fg is to be transferred to a portion of disk storage starting with sector
address Tg. It will be necessary to introduce a space delay between the

reading and writing stations equal to the difference

To obtain the desired delay, consider a single disk track having
combination read/write heads spaced at intervals increasing in length
by successive powers of two. Figure AIIl-1 shows such a head spacing
arrangement for a track containing sixteen words of storage. If we
place a head arbitrarily at the starting position on the track, the next
head is positioned one word along in the direction of rotation, another
head is placed two words further along, another head is placed four
words further along and the last head is placed eight words further
along, occupying a position one word before the first head as shown.
In our example, address registers Ty and F and a difference register
Dg will be provided, each containing four bits. Decoding of the difference
bits determines the interconnections between the heads on the delay track.
Using the example of Figure AIIlI-1, suppose that we wish to transfer a
block of data that starts at sector two (Fs) of a given disk channel to a
region of a different channel beginning at sector thirteen (Tg). Since
the sector position of all heads in the main disk store is fixed, infor-
mation read from sector two of a given channel cannot be written into
sector thirteen of another channel until exactly eleven word times (D)
later. Hence the four bits of the difference register Dy are as indicated
in Figure AIII-2. Clearly, the existence of a binary one or zero in the
D, position indicates whether an odd or even number of words of delay is
required and hence whether the one word portion of the buffer track,
between head positions 0 and 1, is to be used. Similarly, the D, bit
position indicates whether or not the two-word portion of the buffer
track, between head positions 1 and 3, is to be used, etc.
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Figure AIII-2. Difference Register DS

In the specific case shown, data read from the source track is
written at position 0, read out at position 4, and rewritten at position
8, then finally read out at position 16 for writing on the target location,
thus experiencing the required eleven word delay. Detailed logical
equations for definition of these operations may readily be written.

If common read/write heads are used on the main disk, transfer
of data between sectors served by the same head requires an additional
full channel buffer. Since continuous data transfer is desired, separate
read and write heads must be used which cannot have a full channel dis-
placement. We can obtain a full channel buffer by placing heads one-
half word apart to provide a delay of a full channel minus one-half word.
The extra half-word can be obtained by the inclusion of an additional head
in the original buffer track of Figure AIII-1, placed one-half word beyond
the head at position 16. The arrangement is shown in Figure AIIL-3.
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Figure AIIl-3. Extended Buffer Arrangement

Suppose a signal is available that indicates a transfer is to be made
between sectors served by the same read/write head. Additional logic
will provide for reading from the head at position 16 1/2 on the first
loop into position 1 of the second loop, and reading out the final signal
for re-recording from position 16 1/2 of the second loop, to provide a
full channel delay in addition to the sector change.

The necessity to provide a buffer delay in excess of two channels
in the MEM-BRAIN File can be avoided by arranging the data in sequence
from surface to surface rather than channel to channel on the same sur-
face. For example, we can designate the outside track of the topmost
disk as channel 1, the outside track of the next lower disk as channel 2,
and so on until the outside track of the lowest disk is channel N, the
next to the outside track of the topmost disk then becomes channel N+1,
etc. In this case, the extra buffer channel of Figure AIII-3 would be
needed only when transfer is to occur within a particular track or
between tracks whose channel addresses differ by a multiple of N. Dis-
crepancies - in timing that result from the placement of the read/write
heads on the buffer - track can be compensated for by the introduction of
external electronic delays either prior to writing or after reading.
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While the above description has used a 16-word loop for example,
the principles involved may obviously be applied to loops of different
length. Logical extensions of this principle have been developed to
handle 8-bit byte parallel operation, variable word length require-
ments, etc., for inclusion as desired in MEM-BR AIN,

C. CONTENT SEARCH

By the use of suitable fixed head storage, automatic content
searching may be accomplished as indicated by the following example.
Assume a fixed head mask track and two fixed head descriptor limit
tracks. The mask serves to limit the portion of the file to be searched;
the descriptors define the particular content sought. Consider a file
track consisting of 1024 16-bit fields (2 8-bit characters per field). A
64-bit instruction will specify a 10-bit field address, an operation code
and tag bits followed by a pair of 16-bit descriptors. Execution of such
an instruction generates the mask as a multiplicity of fields, each of
16 binary ones in the mask track corresponding to the specified search
limits. It will also store the descriptor limits in their respective
tracks. Logic then determines whether the contents of a record field
corresponding to the mask fall within the limits prescribed by the
descriptor tracks. Possible tests for descriptor match include equality
(same limits), upper bound (lower limit zeros), lower bound (upper limit
ones) and interval test. Short loops store and accumulate record fields,
identified by instruction tag bits, and also tally and store addresses of
those records satisfying the search conditions. The tag bits are stored
on the descriptor tracks just before the mask is read. These tag bits
determine whether the corresponding record field is to be copied into
a temporary storage loop or added into an accumulation loop. If copied
into temporary storage, it awaits the result of the full record test to
determine subsequent action. If later retrieval of the entire record is
required, only the record address in the file is copied into a loop to await
trnsfer to a push-down register. Automatic tallying of the content-
identified records occurs in another loop if called for by the operation
code.

The example chosen corresponds to the track length planned for
the MEM-BRAIN File. The use of this track as 1024 16-bit fields,
rather than 128 128-bit sectors, has no effect on the interrecord gap
requirements, so is entirely compatible.
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D, RECORD UPDATING

Partial alteration of a record or group of records may be accom-
plished by using a mask track to specify the fields to be altered. A
fixed head modifier track is then used to hold the new data to be stored.

Data from the original record is transferred directly to a new
(updated) record track when the mask reads '"0." When " 1" occurs in
the mask track, the new data is read from the modifier track into the
updated track.

E. DATA MERGE

The problem of merging (inserting) additional words at appro-
priate points (alphabetic order, for example) into an existing record
occurs frequently in data processing. Fixed head storage may be used
to accomplish this function as herein exemplified.

The words to be inserted are initially stored in one-word recircu-
lation loops. The existing record, or the first portion of it whose length
is less than a full track by the number of words to be inserted, is trans-
ferred to a multi-head track, with heads spaced by powers of two word
lengths, but in inverse order to those used for serial data transfer.

This track is connected to form a precession loop whose length is main-
tained equal to the (instantaneous) number of words in the record by
appropriate head switching. The words from the short loops are taken
in order, and compared with the word being read from the end of the
precession loop. When this comparison shows that the new word belongs
in front of the word being read, it is written into the record in the pre-
cession loop in place of the existing word. Meanwhile, the existing
word is transferred temporarily to a one-word delay loop and logic is
set up to increase the length of the precession loop by one word. It is
again compared with the next new word. If this word is also to be
inserted, the existing word is recirculated in the delay loop and the
logic is further modified while the new word is recorded. The delayed
word is written in its proper place by the head which has been the
beginning of the precession loop. Then the switch in loop length is
activated and the operation continues.

If merging of a group of words longer than the difference between

the existing record and a full track length is required, the operation
described above is carried to completion on the first part of the
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existing record. (All new words have been compared and inserted if
required.) Then this portion of the merged record is returned to
permanent storage, and the next portion of the existing record is
brought to the precession loop and processed in turn. This process

is repeated as often as necessary to complete the merge operation.
Alternatively, multiple precession loops may be used for simultaneous
processing of long records. Similarly, if more new words are to be
inserted than the available one-word loops, batches may be withdrawn
from temporary storage to load the one-word loops. The final opera-
tion in any case is the transfer of the merged record to permanent
storage.
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APPENDIX IV. MEM-BRAIN FILES
PRELIMINARY SPECIFICATIONS

1.0 SCOPE

1.1 Scope - This specification covers the operation and per-
formance requirements of four configurations of the
MEM-BRAIN File digital storage system.

1.2 Classification - The equipment covered by this specification
shall consist of the following four sizes of MEM-BRAIN
Files:
1.2.1
Size
Designation Data Capacity-Bits Size Weight
6 arm 201, 326, 592 23 in, x 23 in, 90 lbs
x 11 in.
12 arm 402, 653, 184 23 in. x 23 in, 150 lbs
x 14 in,
30 arm 1,006, 632,960 23 in, x 23 in, 250 lbs
x 23 in.
60 arm 2,013,265,920 23in. x 23 in. 400 lbs
x 38 in,
2.0 APPLICABLE DOCUMENTS
2,1 General - The following documents of the issue indicated form

a part of this specification to the extent specified herein.

Specifications
Military
MIL-E-5400G Electronic Equipment, Aircraft,
General Specification for, dated
15 May 1964.
FED-STD-222 Radiation Standard for Communications
and Other Information Processing
Equipment.
MIL-Q-9858A Quality Program Requirements.
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Military Standards

MIL-STD-275A Printed Wiring for Electronic
Equipment, dated 7 September 1960.

MIL-STD=-701 Preferred and Guidance List for
Transistors, dated 15 April 1961,

MIL-STD-704 Electric Power, Aircraft, Characteris-
tics and Utilization of

NAA Documents

NA5-15836 Output Driver
NA5-15833 Input Network
2.2 Document Precedence - This specification shall have prece-

dence over all applicable subsidiary specifications, Where
the requirements of this specification and those documents
listed herein are in conflict, the requirements of this speci-
fication shall govern.

3.0 REQUIREMENTS

3.1 General Requirements
3.1.1 General Specification - Unless otherwise specified herein,

the general requirements of MIL-E-5400G shall apply as
requirements of this specification. Where the general
specification MIL-E-5400G and this specification conflict,
this specification shall govern.

3.1.2 Design - The equipment shall be designed for maximum
functional reliability and minimum complexity consistent
with the requirements of this specification.

3.1.3 . Parts and Processes - In the selection of parts and material,
fulfillment of major design objectives shall be of prime
consideration. In so doing, the following shall govern.

3.1.3.1 Materials - When the characteristics of standard MIL parts
and materials are such that their use will not fulfill the
requirements because of size, weight, performance or
other reasons, material and parts which exceed the
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3.1.3.1 requirements of the respective standard parts shall be used
(Cont) wherever they are suitable, and shall be identified by their
applicable part numbers.

3.1.3.2 Standard Parts - Military standard parts or Autonetics
standard parts shall be used wherever they are suitable,
and shall be identified by their applicable part numbers.

3.1.3.3 Non-Standard Parts - When a non-standard part is used,
the meeting of general material requirements such as non-
flammable, fungus resistant, non-toxic, etc., and the meet-
ing of environmental conditions as required by specification
MIL-E-5400G shall be of prime consideration.

3.1.3. 4 Microminiature Parts - Where microminiature electronics
are used, the performance requirements shall exceed the
requirements of the equivalent conventional design; although,
the microminiature design may not conform to all of the
detail requirements.

3,1.3.5 Non-Standard Parts and Material Approval - Non-standard
parts will be procured to Autonetics standard procedures.
Successful completion of the Acceptance Tests will constitute
the acceptance of the parts, procedures, and methods used in
the fabrication and testing of the equipment.

3.1.3.6 Metals - Metals of the corrosion resistant type shall be used
wherever possible. Those metals that are not corrosion resist-
ant and are required in the system design shall be suitably
protected to resist corrosion during service.

3.1.3.7 Dissimilar Metals - Dissimilar metals shall not be used in
intimate contact unless suitably protected against electrolytic
corrosion,

3.1. 4 Functional Modules - The units shall contain easily replace-

able modules. Wherever possible, each module shall provide
a complete function and shall contain all components necessary
for performing that function.

3.1.5 Interchangeability - Serialized assemblies having the same
manufacturer's part number shall be functionally, electrically,
and dimensionally interchangeable.
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Nomenclature and Nameplates - Nomenclature assign-

ment and nameplates for equipment identification shall be
in accordance with Autonetics procedures.

Design and Construction - The equipment shall conform with
all of the applicable requirements of MIL-E-5400G for
design, construction, and workmanship, except as other-
wise specified herein.

Integrated Semiconductor Circuits - Integrated circuits
(I. C.'s) shall be used wherever practical and shall be
restricted to the smallest practical number of different types.

Semiconductor Parts - Every effort shall be made to restrict
the use of transistors and diodes to the smallest practical
number of different types. MIL-STD-701 will be used as an
objective.

Multilayer Printed - Circuit Boards - Multilayer printed-
circuit boards shall be utilized to mount and interconnect

integrated circuits, semiconductors, and other discrete
miniature and microminiature electronic components.

Mounting of Electrical Parts - Electrical components may be
mounted on each side of the multilayer printed-circuit board.

Functional Test Points - Functional test points shall be pro-
vided on the multilayer printed-circuit boards to facilitate
board test and malfunction isolation.

Hardware - Stainless steel fasteners (bolts, screws, nuts,
cotter pins, washers, etc.) shall be utilized in the construc-
tion of the MEM-BRAIN File.

Weight - The total weight of the units shall not exceed that
specified in 1.2.1. This weight does not include mounting
supports or cables,

Size - The units size shall be not greater than that specified
in 1.2. 1.

Accessibility - The electronic modules shall be accessible
and removable when the environmental covers are removed,
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3.2.11

3.2.12

3.2.13

3.2.14

3.2.14.1

3.2.14.2

3.2.14.3

3.2.14.4

3.2.14.5
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Cooling - The cooling of the modules shall be accomplished
by the use of thermal conducting strips on each module con-
taining IC's. The thermal conductive strips shall conduct
the heat from the IC's to the case.

Cooling Air Requirements - The air required to cool the
electronics unit shall be externally supphed to achieve the
conditions of 3.2, 14. 2.

Reliability - General reliability design and reporting require-

ments shall be in accordance with established Autonetics

procedures.

Functional Reliability - The desién objective reliability of
the units shall be a mean time between failure (MTBF') of the
following when operated under the conditions specified herein.

6 arm = 6,800 hrs,
12 arm = 4, 600 hrs.
30 arm = 3,800 hrs.
60 arm =

3,200 hrs. )

Environmental Requirements - The units shall have design
objectives to meet the environmental requirements of MIL-E-
5400G except as separately specified herein. Salt-spray and
sand and dust are excluded.

Non-Operating Temperature - The non-operating temperature
range shall be -55°C to +75°C,

Operating Temperature - The operating temperature range of
the MEM-BRAIN File shall be -40°C to +55°C.

Vibration - The units shall be designed to meet the vibration
requirements of MIL-E-5400G, Curve I, with continuous
sweep and excluding resonant dwells, except maximum input
shall not exceed +5¢g's.

Shock, Humidity, Altitude, Pressure - The MEM-BRAIN File

shall be designed to withstand the environments of MIL-E-
5400G Class IA for altitude.

Inclination - The MEM-BRAIN File shall be designed to

operate in any position,
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3.2.15 - Radio Frequency Interference - The generation of Electro
Interference by the units shall be controlled to specification
FED-STD-222 requirements when all environmental covers
are in place.

3.3 Electrical Requirements

3.3.1 Power Requirerhents - The units shall be supplied with the
nominal power listed below. The general requirements
are to MIL-STD-704 Category B.

28 VDC 115 VAC 400 C 3 ph
6 arm 80 watts 650 watts
12 arm 160 watts 650 watts
30 arm 250 watts 825 watts
60 arm 400 watts 825 watts
3.3.2 Grounding - The units shall have four grounds: chassis (CASE)
ground, power ground, shield ground, and signal (DC level)
ground.
3.3.3 Over Temperature Protection - The units shall provide a set

of contacts which open when an over temperature condition
exists within the unit., The power specified in 3. 3.1 shall be
removed whenever the over temperature condition exists.

3.3.4 Functional Requirements - The functional operating require-
ments are:

All units:
. 14
Data bits per track 2 = 16,384
3
Heads per arm 28 =8
Tracks per head 2° =256
Disk diameter 23"
Rotation rate 1200 RPM (Synchronous)

High flexibility of organization for compatibility with
any mainframe design, subject only to synchronism
requirement in 6 arm and 12 arm units.

Access time, direct: 100 ms (maximum)
Format: Serial or parallel by bit, byte or character
Rate: 500,000 items (bit, byte, character) per
second maximum
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3.3. 4 In /Out Synch: Ready strobe
(Cont) Multiple in/out connections (computers, etc) possible
with appropriate controls.

6 Arm Unit
Fetch-put store only
Synchronous interface required
Capacity, bits 3x2%0 = 201, 326, 592

12 Arm Unit
Fetch-put store only
Synchronous interface required
Capacity, bits 3x2%7 = 402, 653, 184

30 Arm Unit
Stored program processing capability
Synchronous or asynchronous interface
Capacity, bits 15x220 = 1,006, 632, 960

60 ARM Unit
Stored program processing capability
Synchronous or asynchronous interface
Capacity, bits 15 x 227 = 2,013,265, 920

3.3.5 Input-Output Characteristics - The following chart specifies
the number ofdata input and output lines for each configura-
tion.

Inputs Outputs
6 arm 96 48
12 arm 64 32
30 arm 64 32
60 arm 128 64

The input circuit is specified by NA5-15833. The output
circuit is specified by NA5-15836.

4.0 QUAILITY ASSURANCE PROVISIONS
4.1 General - The quality assurance program shall be governed

by MIL-Q-9858A,
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4.2 Acceptance Tests - Acceptance tests will be performed
on each unit to Autonetics prepared functional test speci-
fication. The following table specifies the manner in which
the items of section 3 will be verified.

4.3 Qualification Tests - No qualification test will be per-
formed.

: Drawings and
Tested Inspected Not Applicable Analytical Data

3.1.1 | X
3.1.2 X
3.1.3 X
3.1.3. 1
3.1.3.
3.1.3,

Koo oW X

2
3
3.1.3. 4
3.1.3.5 X
6
7

o

3.1.3.
3.1.3.
3.1.4 X

b’

3.1.5 X
3.1.6 X
3.2 X
3.2.1 X
3.2.2
3.2.3
3.2.4
3.2.5
3.2.6

XXX X\ X
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Drawings and
Tested Inspected Not Applicable Analytical Data

3.2. 7 X

3.2.8 X

3.2.9 X
3.2.10

3.2.11 X
3.2.12 X

>

3.2.13

3.2.14

3.2.14.1
3.2.14.2
3.2.14.3
3.2.14.4
3.2.14.5

3.2.15

3.3.1 X

T T T T I

>

3.3.2

>

3.3.3
3.3.4 X
3.3.5 X

*Excluding transient conditions,

5.0 PREPARATION FOR DELIVERY
5.1 Preservation and Packaging - Preservation and packaging of

the units shall be adequate to prevent damage in delivery by
commercial carriers.
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NOTES

Definitions

Reliability - Reliability is the probability of an item per-
forming its purpose adequately for the time required under
the environment specified. For the purposes of this
specification, reliability will be considered to be defined
as the mean-time-between-failure requirements of this
specification. }

Mean-Time—Between;‘Failures - The total measured operating

time of a population of equipment items divided by the total
number of failures within the population during the measured
time period is the MTBF for that population of equipment
between the early life and wear-out failures. In the case of
exponentially distributed time between failures, the MTBF
is the reciprocal of failure rate.
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