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DATE: May 21, 1976
TO: Programming and Engineering Staff
FROM: Derek J. Gardiner

SUBJECT: Storage Module Controller Specification

Now available from Drafting is Rev 1 of the Storage Module Specification
SPC 2466. Major differences are as follows:

1) Dual port devices described in paragraph 2.4.

2) Data field checkword doubled in size to 32 bits to allow error
correction as well as detection.

3) Table 1 revised to make the standard record size 1040 words
instead of 1032.

4) Extra INA added - input OAR.

5) Mask field expanded from five to six bits to assist dual port
operation. '

6) Select order changed to allow a "de-select".

7) Seek order to current track no longer takes any appreciable
© time.

8) Status bit 11 added for dual-port operation.
9) Use of "short-read" feature clarified.
10) Inter-record channel processing time extended.
11) Appendix A added to explain the error correction process.
Loov
Gorbi s

"'> ,q_\/&“(
— :

Derek J. Gardiner
/nf

Also see "NOTE" on the following page.




NOTE: The following products are released and available.

Prime No.

4240

4241

4242

4243

Description

One 80 megabyte storage module, controller,
one pack, cables.

One 80 megabyte storage module, with pack,
to add to 4240 or 4242.

One 300 megabyte storage module, controller,
one pack, cables.

One 300 megabyte storage module, with pack,
to add to 4240 or 4242.

Dual port devices are not yet available. The controller is not available by

itself.

LTR| DATE REVISION DR. CK.

1.0 GENERAL

This specification describes the operating characteristics of model 4004 disk
controller. This controller interfaces to CDC "Storage Module" diskfiles. These
are high capacity, high transfer rate devices which store data on special disk packs
with platters similar to.IBM 3330. Up to four Storage Module devices may be used on
one controller. Minimum on-line storage is 80 megabytes of data; maximum is 1200
megabytes. Two controllers are supported by software.

The Storage Module Controller (SMC), designated Prime model number 4004, is not
program compatible with other disk controllers in the Prime model line. Storage
module media is neither mechanically nor format compatible with other Prime disk-
files. This controller requires that the Prime CPU be equipped with DMT. It is
a software requirement that the CPU have high-speed arithmetic. This controller
receives its orders as a channel processor in a manner similar to Prime models
4001/2/3. DMT is needed for this. Note: "Words" in this specification are defined
to be 16 bits long. »

2.0 OVERALL CHARACTERISTICS
2.1 Data Organization

Data on the disk is organized in cylinders, tracks and records. A given record-
ing surface is divided into concentric circles defined as tracks. Each track is
subdivided into records. A recording area accessible without head movement on one
spindle is defined as a cylinder. A five-surface disk pack has 5 tracks per cylinder
and a 19 surface disk pack has 19 tracks per cylinder. Each cylinder can have up
to 19 read/write heads. These heads can be positioned in any one of 823 positions
(tracks). '

2.2 Device Specifications

Storage Module devices have either a five platter disk pack or a twelve platter
disk pack. These give an unformatted capacity of about 80 and 300 megabytes of stor-
age. Device parameters are as follows:

80 Megabyte 300 Megabyte

Speed (RPM) 3600 3600

Recording density (bpi) 6038 6038

Bits/tracks 161280 161280

Tracks/disk 823 823

Track density (tpi) 400 400

Platters 5 12

Data surfaces ‘ 5 19

Data rate (MHz) ) 9.67 9.67

Seek time, one track (ms) 6 6

Seek time, 823 tracks (ms) 55 55
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80 Megabyte 300 Megabyte
Weight (1bs.)
Rack mounted device 165 -
Base cabineted device 213 600 RIME SRIME
‘ ¥ .
Voltage/frequency 120/60Hz 208/60Hz MRV FRAM MAINERAME
220/50Hz 220/50Hz # | n 2- ~
These diskfiles use one complete platter as a servo-surface. This is how they
can achieve a track density of 400 tpi and still guarantee media interchangeability
between drives. Note: 80 megabyte diskpacks cannot be used in the 300 megabyte
drive. S M LMD
CoNTRoLLER ONTROLLER
The 80 megabyte diskfile can be rack mounted or supplied on a base cabinet; the # | ¢ # )iA'
latter is available in two styles (and prices) - utilitarian and deluxe. Two 80 4
megabyte files can be mounted in the deluxe cabinet. (4oo4) ( Mook
Each diskfile has an operator panel with three indicators/switches: Start, ’
Ready, Fault.
2.3 Device Cabling I }o AT
, , 950 MBA SMm 8o M& SM> Tjo BUS
Cables between the controller and the storage module devices are part daisy- (S N 0l [
chain, part radial. The figure below shows how this is arranged. INELE PORT) (siv6Le PO/Z") -
Y 20 ft - 5 ft [T" :
Model 4004 [ o AL I =
! Controller SMD SMD i
‘ _# #2 : 3e0 MA
B T Sha
. The interface between model 4004 and the storage modules uses differential S NGLE
drivers and receivers. The last device in the daisy chain has a terminator. PoRT )
2.4 Dual Port Devices
Storage Modules are available with a dual-port capability such that two con- 300 MG
trollers may have access to a single device. Figure 1 shows a configuration with . St
CPU number 1 having exclusive access to an 80 megabyte device and shared access ( ubiL )
to two 300 megabyte devices. CPU number 2 has exclusive access to one 80 and one Poks
300 megabyte device plus shared access to the same two 300 megabyte devices.
200 MA
SMDy
T JUA L -
TERM ( 2P TERM
FileuRe |, Db~ rﬁo(&'r CAPABILI 7
USED ON SCALE SIZE | DWG. NO. REV. - USED ON SCALE SIZE | DWG. NO. REV.
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2.5

2.6
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Record Layout

Each track on each disk surface will store about 10,000 camputer words. As this
is an inconveniently large chunk to read or write at any one time, the surface of the
disk is divided into records. As each record (regardless of its size) requires a
fixed overhead of words to be recorded for control purposes, the smaller the record
size, the greater the wastage of storage space. This controller utilizes a flexible
record arrangement. The size of the record is determined at the time the diskpack
is *formatted". It is custamary to use the same format for the complete disk, but
this is not a requirement as far as the controller is concerned. The controller re-
quires only that each track have equal length records.

Recording Format

In addition to the actual data, each record contains other fields used for
synchronization, circuit recovery times, data error checking and head and track
integrity checking. The latter is a 48 bit field recorded on the disk ahead of
each data field- the recording is done during a pack format operation and normally
would be done once only for the life of the pack. This field is known as a header.
The information recorded in each header is unique for each data field on the disk-
pack. Each time an access is made to a specific data field on a diskpack, a check
is made that the expected header agrees with the actual header.

Each record will have the following fields.

Field Size and Content
Address mark 24 bits of erase
Sync No. 1 216 zeros
Flag No. 1 8 ones
Header 48 bits
Head gap 4 zeros
Sync No. 2 204 zeros
Flag No. 2 8 ones
Data field (32 x 16) bits minimm
' (2048 x 16) bits maximum
Checkword A 32 bits |
Postamble ' 736 zeros
All the above fields, with the exception of the data field, constitute a fixed over-
head of 1280 bits per record. The address mark field is a special synchronizing flag
which alerts the controller that a header field is about to be read.
is a field which is used as a space between records to allow channel processing to

take place from one read/write order to the next. This is explained in detail in
paragraph 3.7 below. '

SCALE SIZE | DWG. NO. REV,
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Storage Capacity

' The storage capacity of each diskfile depends on the record length chosen and
this is determined when the media is formatted.

Parameters germane to a format operation are as follows:
Bits per track

Overhead per record
Data field

161,280
1280 (bits)
Modulo 8 words

Table 1 shows typical record formats provided by the controller. The "record

size code" is information used by the controller for read/write orders to determine
the data field length.

TABLE I
Record | Data Overhead | Total |Records | Record Wastage Total Storage
Size Words | Per Bits Per Addresses (bits) (Megabytes)
Code Per Record Per Track (decimal) | Per ) ‘ )
Record { (bits) Record | (dec.) Track 80 mb] 300 mb
0 1040 1280 17,920 9 0-8 - Q 77 292
1 448 1280 8,448 19 0-18 768 70 266
2 512 1280 9,472 17 0-16 256 72 | A272
3 64 1280 2,304 | 70 0-69 0 |37 140
4 128 1280 3,328 48 0-47 1,536 51 192
8 2048 1280 34,048 4 0-3 25,088 67 256
USED ON SCALE SIZE | DWG. NO. AREv,
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If the FIFO is ever empty when a word must be sent to the disk, an underflow condi-
tion will occur and the DMX overrun status.bit will be set.

2.8 Record Addressing and Data Transfer Modes 2.12 FIFO Operation for a Read Order
ey : : ] If the average level of service of 13 u-seconds per block is maintained, the
A specific record is addressed by selecting one of four storage module devices, L . .
a specific cylinder using a seek order, a head and record using a read or write order. FIFO will have only one block left to transfer at lthe plgly sical ind Og x;econi*%l ﬂ]zhl S
The controller contains data paths to transfer information to only one diskfile at a will allow adjacent disk records to be read as explained in section 3. /.
time ver. all diskfiles can seek simultaneously. average level of DMA service is a little worse than 13 mlcrosecgnds per block, then
: ! more than one block of data will remain in the FIFO at the physical end of record
‘ ~ : ‘o d the inter-record channel processing time available will be diminished. If a word
Data is transferred between the controller and memory using DMA. Data chaining an - -
operations (scatter/gather) are realized by use of multiple DMA channels. The soft- 15 ZXEF transferred from the disk to the FIFO Whin th‘?lilg lsthll’ an overflow
ware specifies the first channel number and the number of successive channels beyond condition will occur and the DMX overrun status bit wi Set-
one to be utilized. The controller will automatically switch to the next channel 9.13 Dat N t
when the first one has reached end of range and continue until the last specified - a_Integrity
channel has been used. A maximm of 16 channels may be chained. Four principal features contribute to data integrity of the storage module
2.9 Record Read/Write diskfile and its controller. These are as follows.
o dotailed in paragraphs 2.5 and 2.7 sbove, each track is divided into records. | | 2131 B3 P elle, esmend Solions eoch s Rt (08 A 1 ke
The controller is informed, prior to execution of a data transfer instruction, the face, to the macnetic media andyback acain. This is the same checkword scheme
size of the data field to be expected. For a write order, the complete data field ! In but thg 1 ial is changed h that -
will always be written and the check field will always occupy the same physical lo- ?:c}:llsoeg 22 %?Fg;lggieggggr{zi/g pgs'sibiepo ypomial 1s changed sue error cor
cation on the disk. Should IMA range and chain be exhausted prior to completion of )
writing a data field, the remaining portion of that field will be filled with unde- . L . . , L .
fined data. 2.13.2 A 48 bit header, consisting of 32 information bits and 16 check bits, is
recorded on the disk prior to each data field. The header provides a check
2.10 Controller Data Buffering that the desired record is actually being accessed. This, for instance, eliminates
positioner errors from becoming a catastrophe (on write operations).
The controller is provided with a 64 word RAM to buffer data between the disk , . ) . ' ) .
and main memory. The RAM is organized as a FIFO (first in - first out) memory. 2.13.3 '?he controller is word-oriented with each data register, multiplexor and RAM
Data is transferred between the FIFO and main memory in 8 word blocks such that CPU carrying two byte-parity bits. For _transfers of data to the diskfile, ‘the actual
DMA latency need only be incurred once per 8 words transferred. byte parity from main memory runs right through the controller and is verified during
]ffoxmatlon of the cyclic checkword. For data transfers to main memory, byte parit-:y
The serial bit rate of the storage module is 103 nano seconds per bit. This is is calculated prior to checkword validation; this parity is sent on the I/0 bus to
equivalent to 1.65 u-seconds per word or 13 u-seconds per 8 word block. To a first main memory and is checked by the CPU.
approximation, the DMA must maintain an average level of service equal or better than A i . : ) . .
this over the complete record in order that the FIFO should not overflow (read) or 2.13.4 Diskfile selection, by a select order, is done in such a way that a positive
underflow (write). BAn individual block transfer time can be substantially greater response from the selected device is required. A check is also made that there is
" than 13 u-seconds provided subsequent transfers allow "catch-up” to take place. no dupl:!.cate selection. This feature will ensure that orders are being accepted by
: the desired storage module. '
2.11 FIFO Operation for a Write Order . .
These four integrity features were not part of disk controllers 4001/2/3.
The FIFO is preloaded with 56 words of data during the search for the desired Note that the cc'mtroller parity feature (2.13.3) in inoperative with Prime 100 and
disk record. This preloading is done in 8 word blocks with a pause between blocks other Prime CPU's not having parity generation and checking.
to allow lower priority controllers to use the I/0 bus. The preloading has the
effect of decreasing the level of service demanded from the DMA and the decrease is
in proportion to the record length as shown in the following example. 3.0 PROGRAMMING INFORMATION
Record length 1040 words 3.1 General Description of Operation
Preload 1 56 words
Balance to be transferred 984 words The controller operates as a channel processor. This means that it receives
Normal max block transfer 13 u-sec its orders directly from a channel program located in main computer memory. The
Tncreased max block transfer (13 x 1040) u-sec controller contains an order address register (0AR) whose function is analogous to
984 : .
~poy TS ER = m}'“ - USED ON SCALE $128 | DWG, NO. REV.
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3.2.1 OTA 17. 1oad Order Address Start
: ; is initi i This instruction is used to load the order address register with a starting loca+
C.P. am counter. The order address register is initially set to the stazlttlng ) . W1LE C1]
iocatiogrggrthe channel program by an OTA. Thereafter it is incremented following tion for the channel program. The controller will only accept this instruction
each channel program order (unless the order being executed is a jump to a new channel (cause a program skip) if it is non-busy.

; i i hannel orders until : ;
prgim agdre§s)£e zl}eegmt;;él?;sﬂitigzzlgﬁz z{ﬁcﬁ;gg Esingeth?s:og;:rmmei piogram After the controller accepts an OTA 17, it will become busy and A register bits
i hni order 1s received. 1 through 16 will be transferred to the controller's order address register. The

ecinique. ' latter points to a location in main memory which is the starting address of the
: ’ . channel program. With a 16 bit order address register, the disk channel program must
3.2 Controller Bus Address and PIO Instructions be located within the first 64K of main memory.
Model 4004 bus address is (26)g for the first controller and (27)g for the The controller will fetch channel . .

. . - : program orders one at a time using DMT. The
secc_)nd. _The following PIO instructions are available to this controller and are sum- orders will be executed as appropriate and the order address register will, in gen~ - -
marized in Table IT. eral, be incremented after each order to fetch the next one.

PIO Commands - Model 4004 Controller 3.2.2 OCP 17. Initialize
< This instruction wiil be accepted unconditionally by the controller. All contral
Op Code ™ Function Code 14, (OCP) 34g (SKS) 54, (INA) | 74 (OTA) flip-flops will be reset and any operation in progress will be abandoned.. The con-
Bits 1-6 “\ Bits 7-10 8 (Skip If) 8 8 troller will be non-busy following execution of this instruction.
00 3.2.3 SKS 04. Skip if Not Interrupting
01 When the channel program order "interrupt" is executed; a controller interrupt
flip-flop will be set. The state of this flip-flop is testable by this SKS instruc-
02 tion. .
03 3.2.4 OCP 16. Clear Interrupt
04 Not Interrupting The interrupt flip-flop referred to in paragraph 3.2.3 above will be cleared
: . - when OCP 16 is received. '
05
. 3.2.5 INA 1l. Input ID (Identification)
06
The controller ID may be read into the C.P.'s A register using this instruction.
07 (The A register is not cleared before being loaded by this instruction.) This
instruction is only accepted by the controller when the controller is non-busy and
10 can therefore act as a busy test. The ID format is standard with slot number in bits
_ 4-8 and device address in bits 11-16. Other bits are zeros.
11 _ 1.D. 3.2.6 INA 17. Input Order Address Register ,
12 The contents of the Order Address Register (OAR) may be read into the CP's A
register using this instruction. As the OAR is not cleared by OCP Initialize or Mas-
13 ter Clear, this INA can be useful for system maintenance following a malfunction. INA
17 is accepted by the controller only when it is non-busy and can therefore act as a
14 busy test. Note that the A register is not cleared before being loaded by this in-
struction. ' :
15
3.3 Channel Orders
16 Clear Interrupt Fourteen channel program orders are available to the controller. Each order has
tiali + Ioad OAR a four-bit op code located in bits 1 to 4. All but three orders are two words long.
17 Initialize Tnput CAR Bits in the first word are numbered from 1 to 16 and in the second word from 17 to 32.
Bits in the third word (where applicable) are numbered from 33 to 48. Unused bits
should be set to zeros to allow future product expansion without generating possible
TABLE II program difficulties. : '
USED ON SCALE $IZE | DWG. NO. REV. I: 7] USED ON SCALE SIZE | OWG. NO. REV.
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30 3.4
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Conditional Execution of Orders

‘until another select order is given or the controller is initialized. For dual-port

Each order has a six-bit mask field in bits 5 to 10. Each of mask bits 6 to 10
relate to a specific controller or device condition. When a particular mask bit is
set, the related controller (device) condition is tested and execution of the instruc-
tion is dependent on the result of the test. If all mask bits are set to zero, the
instruction is unconditionally executed. Mask bit 5 is used to reverse the result
of the test. Specific definition of the mask field is given in paragraph 3.5 below.

Select Order

This order is used to condition the controller to address one of the four pos-
sible devices. Format of the instruction is as follows:

1 45 10
[ Op Code [ Mask |

29 32
7 3 2 1 )
MHED

Op Code - 4 (hex)

Mask ~ defined in paragraph 3.5

Bits 29-32 - Select one of four MHD's by setting one of these four bits. If
this field is zero, the previously selected MHD will be de-selected.

Once a specific device is addressed using this order, it will remain addressed

operation, de-selecting a device will make it available to the "other" controller.

Seek Order

The primary purpose of this order is to cause the head positioner of a previously]
selected MHD to move to a specified track. A secondary function is to act as a pro-
grammed initialize (fault clear) to the selected diskfile. Format of the order is as

follows:
1 45 10
| Op Code | Mask | ]
17 18 23 32
[ RICL| |  Track Address !

Op Code - 3 (Hex)

Mask - defined in paragraph 3.5

Bit 17 - If set, the head positioner will do a slow seek to track zero.
The track address field is ignored.

Bit 18 - If set, the selected diskfile will be cleared of any faults pro-
vided that the situation which caused the fault has been
rectified.

‘Bits 23-32 - Used to select one of 823 tracks. Valid addresses go from (000)g
to (1466)g.

Read Record/Write Record

These two orders address a specific head and record on a previously selected
diskfile and read data from or write data into that record. Either of these orders

3.3.5
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may be given while the selected diskfile is seeking. Execution will stall until the
head positioner has finished moving. Order format is as follows:

1 45 10 13 16
[ Op Code | Mask | | Record Size Code |

17 20 21 23 ‘32
[_Offset JSR[ | Current track address |
33 40 44 48

|  Record address | | Head address |

Op Code - 5 (Hex) read record
- 6 (Hex) write record
Mask - Defined in paragraph 3.5

Record size code This code is taken fraom Table I and informs the con-
troller how long is the data field of the desired
record. o .

This field is normally zero. It is used for error
recovery. See paragraph 3.9.

SR (short read) - This bit is normally zero. It is used to assist disk
‘latency optimization. See paragraph 3.6.

This field is to be set to the track address of the
last seek order to the selected diskfile.

An eight bit field which defines one of n records on
the selected track. Record addresses are sequential
from zero to the maximum value which can be deter-
mined from Table I.

A five bit field which defines one of 19 heads for 300
megabyte files and one of 5 heads for 80 megabyte
files. : .

Offset

Current track address

Record address

Head address

Channel Address

This order informs the controller which DMA channel and how many channels are to
be chained for data transfers. Order format is as follows:

1 45 10 13 16

| OpCode | Mask | | Chain Number ]
17 . 32
{ Channel Address |
Op Code - D(Hex)
Mas}.< - Defined in paragraph 3.5
Chain number - The number of successive DMA channels beyond one to be

used for data transfer.
A field which informs the controller which DMA channel
to use at the beginning of data transfers.

Channel address

This order will nommally be given prior to a read or write record order. The
charme} address is stored in the controller in a register which is also used by the
following channel program order: Input Status, Input QAR, Interrupt, Ioad and Store.
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Execution of these orders following a chamnel address order will cause the channel
address to be lost.

3.3.6 Input OAR

The contents of the order address register will be read into memory when this
order is executed. Format of the order is as follows:

1 45 10 _
[ Op Code | Mask | |
17 32
[ Memory Address |
Op Code - B (Hex)
Mask - Defined in paragraph 3.5
Bits 17-32 - A 16 bit memory address which defines the location into

which the OAR is to be read.
The OAR is incremented following the fetch cycle of each channel order. There-
fore, if an input OAR channel order is in location X in memory, a value of X + 2 will
be transferred to the location specified by bits 17-32.

3.3.7 Transfer Channel Program Address

Execution of this order will cause the controller's order address register (OAR)
to be loaded with a new value. This order is analogous to a CPU jump except the
transfer can be made conditional using the mask field. Order format is as follows:

1 45 10
! Op Code | Mask | i
17 ' 32
{ Transfer Address |
Op Code - F (Hex)
Mask - Defined in paragraph 3.5
Bits 17-32 - The new value to be loaded into the OAR.

3.3.8 Input Status

Controller status, defined in paragraph 3.4 below, may be input to memory using
this order. Format of the order is as follows:

LTR| DATE

REVISION DR. CK.

3.3.9 Ioad and Store

A word of data from high-speed memory will be sent to the controller on execu-
tion of the load order. The same data word will be sent to high-speed memory on
execution of a store order.

Information from these two orders is held within the controller in one location
in the FIFO memory.

Format of the two orders is as follows:

1 45 10 16
[ Opcode | Mask | ] D |
17 32

i Memory Address )

Op Code - A (Hex) Store
C (Hex) Load
Mask - Defined in paragraph 3.5
Bit 16 - — Normally set to zero. Used for diagnostic testing of
‘ the FIFO as explained below.
Bits 17-32 - A 16 bit memory address whose contents are loaded into

the controller or into which data from the controller
is stored. : ’

The data output from memory is stored in the controller in a register shared by
other instructions. A read record or write record instruction will cause the data
sent by a previous load instruction to be lost. '

As mentioned above, load and store data is held in the controller in the FIFO
memory. If bit 16 of the order is set, the FIFO address counters are not cleared
prior to execution of the order but are incremented following execution. In this

way successive FIFO locations can be filled using load orders or emptied using store
orders. ‘

3.3.10 Halt

Execution of this order will cause the channel program to come to a stop and the
controller to go non-busy. This means that an OTA 17 can be accepted and, in fact,
this is how the channel program is restarted. Format of the halt order is as follows:

1 45 10
[ _Op Code [ Mask | |
17 32
] (Not used) }
Op code - 0 (Hex)
Mask - Defined in paragraph 3.5
Bits 17-32 - The second word of the instruction is unused.

1 45 10
{ OpCode | Mask | ]
17 32
| Memory Address ]
Op Code - 9 (Hex)
Mask v - Defined in paragraph 3.5
Bits 17-32 - A 16 bit memory address into which the status informa-
tion is to be transferred.
USED ON SCALE SIZE | DWG. NO. REV,
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3.3.11 Stall

This order is equivalent to a NOP instruction which takes 210 microseconds to
execute. Its purpose is as follows. Certain channel program loops may depend on a
mechanical event to allow an exit from the loop (e.g., the head positioner reaches
the desired track). Continuous execution of the orders in the loop would consume a
lot of computer time without achieving any meaningful results until the desired event
takes place. The addition of a stall order to the loop would mean the desired event
is only tested about every 210 microseconds. However, the central processor can be
doing meaningful tasks between tests (i.e., during execution of the actual stall

order). The format of this order is as follows:
1 45 10
[ Op code | Mask | ]
17 32
f; Not used i
Op code - 7 (Hex)
Mask - Defined in paragraph 3.5
Bits 17-32 - The second word of the instruction is unused.
3.3.12 Interrupt

The controller will cause an I/O bus interrupt to take place when this order is
executed. The controller will suspend processing further channel orders until an
OCP 16 (clear interrupt) is issued. Format of the order is as follows:

1 45 10
{ Opcode | Mask | i
17 : 32
f Vvector address |
Op code - E (Hex)
Mask - Defined in paragraph 3.5
- A 16 bit vector address placed on the I/O address bus

Bits 17-32
- for the duration of the interrupt.

The vector address field must be specified when the central processor is working
in the vectored interrupt mode. There is no default vector address value.

When the interrupt order is executed, a controller flip-flop is set and this
causes SKS 04 to not skip. The flip-flop is cleared by OCP 16 and controller channel

processing will resume.

3.3.13 Format

This channel order is used to write headerson a virgin disk or to rewrite
headers on a disk whose format is to be changed. Execution of this order will cause
h headers to be written on the selected diskfile at the current track. The head
to be used and the value of n are defined by fields in the order. This is a 3 word
channel order whose fields are similar to those of a write.

3.3.14

3.4

H li l 1
|Lmm| DaTE | WEVISION 1 o ] ek
1 45 10 13 16
 OpCode | Mask | [ Record size code ]
23 32

] | Current track address = |

33 40 44 48
[ Number records per track | | Head address |
Op code - 2 (Hex)
Mask - Defined in paragraph 3.5

- Taken from Table I. Defines to the controller the
length of the data field of each record on the track.

This field is to be set to the track address of the
last seek order to the selected diskfile.

This information is taken from Table 1 and allows the
controller to know when the track has been formatted.

A five bit field which defines one of 19 heads for 300
megabyte diskfiles and one of 5 heads for 80 megabyte
diskfiles.

Record size code

Current track address

Number of records per track

Head address

Each format order writes a complete track with each record being recorded as
c.ietai}ed in paragraph 2.5 above. The data field will be "ones" and a valid checkword
is written. Each record on the track is of equal length with sequential record
addresses. Record address zero follows the "Index" pulse - a once-per-revolution
timing signal supplied by the storage module diskfile. .

Two revolutiox}s of the diskpack plus a wait-for-index are required to format
each track. The first revolution writes "zeros" round the complete track to ensure
that no false address marks are detected on a subsequent read order.

Undefined Channel Orders

There are two undefined channel orders whose op codes are 1 and 8 (Hex). :
Attempted exgcutlon of these orders will cause the channel program to halt, but the
controller will remain busy. This condition will have to be cleared by OCP 17.

Status Word

; The status word may be input to memory as explained in section 3.3.8 above.
Bits of the word are defined as follows: :

Bit 1 - Unconditionally a logic 1 to act as a flag bit.
Bit 2 - DMA overrun. Set if the CPU failed to respond to transfer requests
from the controller within the allotted time (defined in paragraphs
- 2.10/11/12).
Bit 4 - Check error. Set if dquring a read operation the data read and the
check field do not balance.

Bit 5 - Controller data parity error. A transient (or permanent) error has
‘ been detected during a write or format order.
Bit 6 - Header check failure. Set when the previous read/write order failed

to match the header from the disk against the desired header.
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CHANNEL ORDER SUMMARY - MODEL 4004

Bit 11 - For dual port devices only. Set when the selected device is busy
servicing a controller on the other port.

Bit 12 - A "zero" but reserved for write-protect status if this feature is made . . . _ .
available in the future on storage module diskfiles. Order Op_Code Mnemonic Execution Time (u-s) Fields

Bit 13 - Set when the selected diskfile is seeking. Halt 0 DHLT 6

Bit 14 - Illegal seek. Set under three circumstances: (a) the head positioner
was unable to complete a seek within a specific time period; (b) the Format 2 SFORM Rec Size 13-16
carriage has moved to a position outside the recording field; (c) an Track Addr 23-32
illegal track address was received by the selected diskfile. # Records  33-40

Bit 15 - Select error. A select channel order resulted in a duplicate or illegal Head Addr  44-48
device selection. Manual intervention may be needed.

Bit 16 - Unavailable. The selected diskfile is not ready for use and manual Seek 3 SSEEK 7.5 Restore 17
intervention may be needed. Clear 18

Track Addr 23-32
The illegal seek status bit (bit 14) can only be cleared by issuing a restore to

track zero to the offending diskfile. Select 4 DSEL 7.5 MHD ) 29-32

Status bits 2,4,5 and 6 will be cleared by execution of a read or write record Read 5 SREAD Rec Size 13-16

or format chamnel order. They are not cleared by OCP initialize so that the condi- Offset 17-20
tions may be preserved in the event of a controller "lock-up". - SR 21

Track Addr 23-32

The conditions that caused status bits 2,4 or 6 to be set during a write record Rec Addr 33-40

operation will cause a zero check word to be written on the disk for that record. - Head Addr  44-48

This will guarantee a check error when the record is subsequently read.

Write 6 SWRITE Rec Size 13-16

A select error (status bit 15) will be cleared by another select channel order : Track Addr 23-32

provided the condition that originally caused the error has been rectified. Rec Addr 33-40

. . . . Head Addr  44-48
A header check failure (status bit 6) implies either or both of these situations: ]

Stall 7 DSTATL 210

- (a) A match between the wanted header and headers from
the disk could not be made within 128 attempts; Input Status 9 DSTAT 9 Mem Addr 17-32
(b) A match was made but the header checkword would not Store A SSTOR 9 Diag Addr 16
balance. In either of these situations, the Mem Addr 17-32
read/write order is completed in the sense that
data transfers take place to/from memory. No data Input OAR B DOAR 9 Mem Addr 17-32
is written on the disk of course.
Ioad C SLOAD 9 Diag Addr 16
' - Mem Addr 17-32
Channel Address D SMA 6 Chain 13-16
Chan Addr  17-32
Interrupt E DINT 6+CPU Vect Addr 17-32
Transfer F DTRAN 6 Trans Addr 17-32

NOTE: All orders have op code
in bits 1-4 and mask in

bits 5-10. TABLE III
USED ON SCALE SIZE | DWG. NO. REV. I’/@ USEDON SCALE SIZE | DWG. NO. REV.
NEXT ASSY SHEET __ OF NEXT ASSY SHEET17 OF 19 SPC 2466

PDF-005 PDF-005



3.5

3.6

3.7

LTR| DATE REVISION DR. CK.

Instruction Mask Field

As mentioned in paragraph 3.3.1 above, the execution of each channel instruction
can be made to be conditional on certain controller or device conditions by use of
the six bit mask field in each instruction word. The following table shows the
effect of setting mask bits 6-10 with mask bit 5 cleared and set.

Bit 5 = 0, do not execute instruction if:

Bit 5 = 1, execute instruction if:

Set Bit

6 No function but reserved for "selected diskfile is
write protected."

7 Tast read or write record instruction caused a DMA
overrun, check error, controller parity error or
header check failure (status word bits 2,4,5 or 6 set).

8 Selected MHD is seeking.

9 Selected diskfile has an error condition (status word
bits 14, 15 or 16 are set).

10 For dual port operation only. Selected diskfile is

busy servicing the "other" controller.

Two or more conditions may be tested simultaneously and will give a logical OR
of the individual conditions.

Latency Optimization

Disk latency can be optimized by use of the short-read feature mentioned in
3.3.4. This feature causes a read order to read the next available record on the
disk and to terminate at the end of range and chain (as opposed to after the check
word has been read and verified). For instance, if the record address has been
written in the first word of each data field, then a short-read order can be used
to input the next available record address to main memory. Future decisions can be
made based on the received record address while the controller will be executing
further channel orders.

Inter-record Channel Processing Time

It may be desirable to read/write sequential records round the disk surface.
Channel processing time is available between read/write orders for this purpose.
1

)

Address Mark | } ‘ ____l
Header f 5 i

i
Data l i ;

i
Postamble ! :j

p T;
—r—| |
X Yg

3.8

3.9

LTR| DATE REVISION DR. CK.

The above figure shows the format of a typical record. A read/write order will
end at point X. Next read/write order must start by point Y to catch the next record.
Time T is the time available for executing orders between two read or write orders.
For a write order, point X occurs after 8 bits of postamble and T is equal to 58
u-seconds. For a read order, point X occurs when the FIFO memory is empty and T will
usually be at least 49 u-seconds. Point Y is fixed relative to the next record for
both a read or a write of that record.

The inter-record channel processing time T is used as follows. Suppose a
sequence of channel orders to read two adjacent disk records is

Read record N
Input status
Transfer

Setup DMA channel
Read record N+1

9 u~-seconds
6 u—-seconds
6 u—seconds

‘ The total execution time of the three channel orders between the two read orders
is 21 u-seconds. As this is less than T (equal to 49 u-seconds), record N+l will be
read without an extra disk revolution.

Check Word and Error Correction

Each record written on the disk is followed by a 32 bit checkword. The check-
word is calculated by dividing the data in the record (the message) by a certain
polynomial. This yields a quotient which is discarded and a remainder which is de-
fined to be the checkword.

On reading a record, the message and checkword are divided by the polynomial.
The remainder from that division will be zero if no errors occurred in the message
or checkword. If errors did occur and the message cannot be recovered by traditional
means, error correction can be attempted. This is explained in Appendix A and is
a software technique. It involves reading the record and checkword into memory.

This may be done as follows. Suppose the media has been formatted to give 9
records per track. As shown in Table I, each record will have 1040 data words for a
record size code of 0. A read order with a record size code of 8 will tell the con-
troller that the data field is 2048 words long and the controller will transfer this
number of words to memory provided sufficient DMA range is provided. Words 1041 and
1042 will be the check word. One should expect a check word error to set in the
status field.

Error Recovery Procedures

Storage module diskfiles are provided with two features to assist in reading a
record that appears to be irrecoverable. They are as follows: (a) the heads may be
positioned off-track in either direction; this is called servo+ and servo-; and (b)
the read data may be sampled early or late with respect to the nominal sample; this
is called strobet+ and strobe-.
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The read record channel order has an offset field, bits 17-20. This field
controls the servo and read circuitry in accordance with the following table.

Set to 1 Action

Bit 17 Servo+ Move heads in
Bit 18 Servo- Move heads out
Bit 19 Strobe+ Strobe data early
Bit 20 Strobe- Strobe data late

Eight legal combinations are possible for error recovery and the potentially
irrecoverable record should be read several times with each before being abandoned.

The offset field has no effect on write or format orders.

Power Up/Down

Normal system procedure would be to stop all storage module diskpacks before re-
moving power fram the controller. The controller is provided with a power fail relay
and this will inhibit any writing on the disks if controller power goes down before
storage module power. On restoring controller power it may be necessary to issue
a restore to zero to all storage module diskfiles to clear a phoney illegal seek
situation (status bit 14 set).

NEXT ASSY SHEET 21 OF 24 SPC 2466 1
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APPENDIX A

Error Correction of Data Records

A.l Introduction

Storage Module media is not as perfect as CDC would like it to be. The bit re-
cording density of about 6000 bpi is state of the art and requires a head flying
height and coating thickness of about 20 micro-inches. (The figure for 2314 type
packs is 60 micro-inches.)

Practical testing has revealed that 100% of all unrecoverable errors are one,
two or three bit bursts. CDC specify that a track shall not have more than one burst
error and it, in turn, shall be no longer than 11 bits long. Cylinder 0 .(heads 0 and
1) shall have no errors. Also, there shall be no more than 30 correctable error
tracks per pack.

Based on the above, a viable Storage Module system must have the ability to
either bypass bad tracks or to perform error correction on them. The former tech-
nique relies on the fact that the pack vendor must be able to tell the customer the
locations of all the bad tracks. As CDC are unable, by their own admission, to do
this, the only practical solution to the problem is an error correction scheme.

A.2 Principles of Error Detection

As explained in paragraph 3.8 above, a checkword is appended to the message
(data field) when the information is written on the disk. The checkword is obtained
as the remainder when the message is divided by a carefully chosen number known as
the generator polynomical.

£———————N bits >

€M inf bits —> &N-M) Redundancy —>

The above figure shows a message of M information bits having added to it (N-M) re-
dundancy bits. The redundancy bits are achieved as follows:

Let M(X) equal the message polynocmial.
Let P(X) equal the generator polynomial.

Hence M(X) = Q(X) P(X) + R(X) where Q(X) and R(X) are respectively the quotient and
remainder following division. The quotient has no real significance and is discarded
but R(X) becomes the (N-M) redundancy bits shown above. Hence the total message
(information plus redundancy) can be expressed as:

Nx) = X®M vy 4 R
= Q(X) P(X)
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1f the received message can be divided by the polynomial P(X) without a remainder,
then it has been received correctly and further action is not needed.

Choice of Polynomial

The strength or weakness of a redundancy scheme is intimately tied to the choice
of polynomial and this depends on the type of errors to be expected. Data trans-—
mission suffers from long burst errors. High-speed solid-state memories suffer from
isolated single-bit errors. Rotating magnetic memories compramise between these two
extremes and suffer from short bursts (1-3 bits). The polynomial chosen was a Fire
code and thus is of the following form:

P(X) = P1(X) (X°+1)

where P(X) is the generator polynamial for a Fire code; this must have two properties.
(1) P1(X) is a primitive (irreducible) polynomial of degree M and order E. (Note,
the degree of a polynomial is defined to be the greatest power of X in which the co-
efficient is non-zero and E is defined to be (2M-1).) (2) The parameter C must not
be divisable by E.

The above Fire code polynomial will have the following properties: (1) The
length of the code, N, is equal to the least common muliple of E and C. This works
out to be (2M-1)C. (2) The number of redundancy bits is equal to (MC). (3) The

number of information bits, M, is equal to (2M-1)C- (C) .

The polynomial chosen for the Storage Module Controller is as follows:

p(x) = (xFlaxP+1) (x2he1)

The degree of the P1(X) portion is 11 and E is therefore equal to (211—1) or 2047.
The length of the code is equal to (E-C) where C equals 21. Hence, code length
equals (2047-21) bits. The number of redundancy bits is equal to (MHC) or (11+21).

In summary, the above polynomial will support a record length up to 2680 words
and each record will be followed by a 32 bit checkword.

Frror Detection and Correction Performance

a2y (x2141)

X32+X2 3+X2 l+Xll+X2+l

The polynomial chosen was P (X)

This will detect two error bursts of combined length 22, one error burst of length
32 and any odd number of errors. This will correct any single burst up to 11 bits

long.

A.5

LTR| DATE

REVISION DR. CK.

Practical Details

The controller generates the 32 bit checkword as per P(X) above when writing
data on the disk. The controller also performs all error detection on reading
records. The burden of error correction is placed on system software and the method
of performing correction is as follows:

1. Read record and 32 bit checkword into memory (as per paragraph 3.8).

2. Pass record and checkword through a 32 bit software check register
(SCR). This register duplicates the hardware check register in the
controller and divides the record and checkword by the generator
polynomial P(X).

3. The chosen polynomial has a natural message length of (ZM -1)-C or 42987
bits. Zero bits must be passed through the SCR as if the message has this
total number of bits.

4. The correction phase can now begin. The SCR can be thought of as split
into two sections:

1 21 22 32
test for all zeros correction pattern
21 bits 11 bits

When SCR bits 1-21 are zeros, bits 22-32 will contain a correction pattern that
can be applied to the data from the disk. The method is to cycle the SCR one bit
at a time (with zero data input) until SCR bits 1-21 are zero. The data read from
the disk is also conceptually cycled in a buffer one bit at a time. When SCR bits
1-21 are zero, SCR bits 22-32 contain a correction pattern and this is exclusive-ored
with the next 11 read data bits to perform the actual error correction.

If SCR bits (1-21) are never zero within 42987 shifts, the error is uncorrect-
able.

More Sophisticated Error Correction

The method of performing error correction as described in paragraph A.5 is quite
}ogical, but very slow in terms of CPU instructions executed. PRIMOS achieves a 15:1
improvement over the method detailed in paragraph A.5 (which is the method used by
test program DISCT2). In practical terms, this reduces a typical error correction
from 1-2 seconds to 80 milliseconds for a PRIME 300.
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SHIELD (6 CA-122 BMD)2 + £8-32 BMAIS - e8-22 BPpO7 + C8-72 or-2e Co-32 DREBU(o £E-22 CF-22
BPCICPN + CA-23 BFDI3 v CR-23 BMALP - C4-23 8P0O8 + CB-13 LWIDAT + nee23 S9-2% DREULT+ Ce-23 WDAT 34 CF-23
&ND ca-24| [BMDIN$ a9 BMARP - C5-24 8P DO + €8-7¢ VW/ORT \ - [T co-2y  DREBULI- CE-2y W/DAT R - CF- 7.“
ErcchT + ¢A-25 | [BMDISYH = ; - c6- 23 BPDI0 + Té-75 G £ 23 ¢b-28 | IDREOBT CE-25 SN CF-25
lsmnb(sn@ CA-26 | [BMDIG+ CA-78 6ND Cé-2¢6 BPDII + C8-76 SCLi)+ CC-2¢ C3 2% IDRELE - C&-26 SCLS RS [
CA-E7 ] IBMDLP- Ca-77 VCORE 1 ce-¢ Vid= CB-77 SCLK - cC-27 cb-27 DRBUI+ cE-27 SCLIK B~ [Y2k%)
-—b ¢A-29 | |8MDRP- Ca-79 VCORE L C&-28 Vig- c4-78 GMD CC-2¢ cp-2¢ DREWDY ~ CE- 29 GND CF- 28 @
CA-29 FMCSELC- CH-79 BPAOY F Eg-z? | [8BpDic ¥ Cis- DDT A o&c-29 ¢B-29 DSL2O+: CE g9 PRTR+ CE- 29
. @cm& h CA- |_&NbD Ca-go GND £@-30 GMND €4-go RDDT - ¢c-30 cp-30 psSLZo- & 30 RDOT B~ cF3e I
Ca-3i %acs&a— [ X BPAO2 + C8-21 BPDI3 + CA-F GAID CC-3 Cp-34 PSLZ\t CE-37 GND | CF-37 5
CA-82 ¥4 th-g2 BFAO34 ca- 3¢ BPDIY + [4.3%] RCCK + ¢c-32 Cp-32 USLZ - CE-32 RCCKR D+ CF-32 ==
Ce-33 - ¢ BPACH+ B33 BPDIS + - RCCR - Cc-32 Cp-33 TMOYO & CE-33 Rk 2~ -
CA-34 [ 5 | BPAOST C§-39 B8PDIE ¢+ Ca- GN D ¢C-3¢ Cp-34 INDXO = C&-3y GND CF-3y
CA-3S cF BPhotF €8-35 | [8rchcnbt -1 | weikis €C-34 €035 | [SEEKER CE-35 WCLK2 Y CE-35
ca-36 Ch 8% PROI+ 43¢ ¥ e 56 | /LK = (¢ 3¢ | Ch-36 | |SEEKER- 36 WOLE 2o ¢F-3%
{A-37 Cch-87 A Of £G-37 iBPcMOD2E CE87 GAD Ce- 27 cb-37 SEEKINY Cce-37 GUD CF-37
PCIBYI - €A - Ch- o1 BPAOIY C8-35 | |[BRCMODIL C8-85 €C-34 Ch 38 | [SEErin- CE- CE-3% | p '
B cA 39 ci-v3 | [BFAioF 838 BT 7355 ) Ce 2o c0- 33 ] focoeTe CE3S 735 1|
A~ 40 Ch-90 BPAII+ Ca- | i’g_rcsux + ¢a-30 | CC-yo ¢h-4o GMD [T CF-Yo L
CA-4/ CR-91 HSYSCLR = CB8-Y! Ji2 ¢+ c8-9/ ce-4. CO-4+ READY + cE-4/ CF-41
[-4:3] 442 c8-92 GND CE-42 Vid+ £58~9 SELD\Y Qe-H2 Cp-9e IREADY - C&- 42 SELD R+ CF-42
M“ [ VCORE 2 cé- 93 HEUN - ﬁsm SELD\- ge-us Cz-93 | [aobrir+ CE#3 1 [SECD3- CF-¥3
cA-Y CA-9Y YCOREZ ¢ | RUN - CB-94 cC 49 CD-49 ASDMEK = CE 97 CF-g&f
CA-4§ £h-95 BPOPEL— C§- {BrcsTR + CB- 35
cA- Ch % GND ca- GND CB-96 B
hwm 3 CA-Y cH 97 BPDPER — Cé& o7 V35 Ch 37
to&'ﬁ [T ch-ov | [wParei= ca- 48 VSS T8 58
—y Vel CA-v | CH-99 BPABI ¥ c&99 1 | ves CB 99 I
veer | eA-go CA-7o0] |BPAODT TA-35 | VBE CB-700 |
MATER! DW
A MATERIAL " PRIME COMPUTER, INC. .;
CHK NATICk, *MASS. A
INLFS5 JTHERWISE SPECIF:ED |ENG. CONMEC SR ekt AR !
- REMOVE ALL BURRS AND
JHARP : E N ;
»wmmsfgsgsme IN mcHes | AFPRD oM ac 4 e
B TEEERANCE;xx ANGLES | USED ON. o — " ) - RESS
4 ﬁ? 202 £.005 12" FNExT Asev TTNTE T A
4 ! 2 E = *







4 3 .2 1
M |LTR| DATE REVISION . DR. CK
A\ Vrejze| RPELEASED Sece Ech 1BI8(GL 0577 |2 T
B [I2-307%| REVISED PER &R 1928 }jf LG
C |22 BEVISEDL PER EcR Z137 P |,
D
DISK PACK
CEL 1479-90 4| MHD 2 X XX- 90X AN
4 DEVICE |
240 -XXX OR 4242- XXX . CBL \475-901
—_— R \-9O01
IS DISK PACK o 79501 CBL 1481-50 DSk PAOK |
© DEVICE | rzax-s0) > MHD 2 XXX~ 90X
CRL1475-90] J2 Z (@)
¢ DEVICE 2 (e
4004-911
TERMINATOR
ESAZE818-90]
D CBL1479-90) 2 DEVICES ~——— CRL 148(- 901
i DISK PACK
MHD 2 XXX - 90X C
VIC _
1 DEVICE DEVICE = 4zax-sox
* TERMINATOR |
ESAZ818-90
DISK . PACK
J4| -9
F LCBL 1479-901 [ "D ZXXX-90X @24x-901 .
Y - DEVICE. | <’
A ¢ CBL1475-901 |
-
4004 -9i4 {,-
b B
B PROM SET —__— CBL.1481-90} DISK PACK. —
DISK BACK. i TZ| MHD ZXX X -90X o
J4 MHD 2XXX -90X DEVICE. 2 %
| f 903 k Y
CBLAS 90! | DEVICE 9
r -_— CBLI481-901 DISK’ PACK ==
CPL \479-9D) - — CBL 148+-90! Ti| MHD 2 X XX -90X gzax -9ex) /
q 5 DEVICE 3
4 DEVICES B.
: ] DISK PaCK i
MED 2 XXX ~90X - !
1 DeviCE 2 azax-90% -~ CBL 1481-90! '
DISK PACK
= JZIMHD 2X XX -90X
2 DEVICES * Ecazsiessol DEVICE 4 @
* TERMINATOR
ESAZBIE-901 |
MATERIAL DWN PROYST
. PRIME COMPUTER, INC.
NOTES MHD2871- 902 | 40 MB MHD SORZ 4245 9 JC:ETRAVAL\N‘ FRAMINGHAM. MASS. A
% LTERMINATOR 1S TO BE INSTALLED OM LAST MHDZ87\° 0\ | 4OMB Mo LOHZ >0 'V Bosar 70276 :
‘ 3 : h- N I" 17 el
o MHD2613- 902 |Z00MB MHD SOHZE UNLESS OTHERWISE SPECIFIED {ENG. - G-22-76 STORAGE. MDULE TYSTEM
. DEVICE INEACH SYSTEM. MHDZ&l2- 90| |BoOMBMHD &0 HE 4247 -390\ —REMOVE ALL BURRS AND [~ ¢ &\.@«fziv;bc v : CONFUaURATION
2. BOMBE BOOMB MHD MAY BE INTERMIXED  |MHDZE53-962 | 80 MB MHD 50 HE — DIMENSIONS ARE I, INCHES b,
- : MHD 2553901 | BOME M H 4246 -50! —TOLERANCES wo/helbly icre - ]
IN ANY SYSTEM OF TWO CR MORE DEVICES. HD GOHZE X XXX ANGLES |USED oN SCALE —w— | SIZE | DWG. NO. REV.
L PART NUMBER DESC R\PT'ON - E_lSK PACK .02 = ,005 +1/2° NEXT ASSY HZ‘/O/H[/‘{Z/L/ SHEET | OF 1 CCDZQ,39-OO\ C
4 3 L 2z 2 1




4 3 # 2 1 A
5 M [LTR| DATE REVISION DR. | CK.
WIRE LIST _ |=% R [eati| Rz (eAs €D 77 7P
FROM TO COLOR|O X B |9-97| PER ECR 1838 | 2T
Ji-22 |J2-22 | BLK |.p [ EZZAFA ’?’f‘wﬁ’f’:/z”i‘g“mﬁéé;’ ’pz‘f‘f[iﬁ 7 27 70,
JJ1-25]J2-25 | WHT D 1217 [N TR I sy P00 s T Pk ack 205D VA ESSH
J1-46 |J2-46 YEL :
J1-49 1J2-4% | ORG D
Ji1-48{d2-48 GRN
1Ji-510 {uz2-51 | orY REF
J1-52 {J2-52 [BLE 7 pREF
N _ BLK I
N 0000 o ol oS
JI-26 [J2-26 |BE—7rg O4° o° y o Ol
Ji-24 |J2-24 |BLE—9F 050 o° 0 ?OO OO
1J1 - J2-27 |BLE—gTY __
J1-28 |J2-28 [WHT g7k
1d1- J2-3) WHL—ggp
JI - J2-22 \WHT 5y
Ji- J2-32 {WHT BRG DIM L ] Go
J1- 30 J2-30 {WHT BLU
J1-33 |dJ2-33 |wAT oL fett— 75—}
J1-34 |dZ2-34 |WHL oy
JI-37 [J2-37 {WHT GRY —-l r
J1-35 (J2-35 [YEL g7 SEE NOTEI _ C
J1-38 |J2-38 |YEL RED 20"
Ji1-36 |J2-36 |YEL GRN TYP
J1-35 Jd2-39 YEL g, J |
J1-40 .Jz-‘+o YEL —ERN | '_@ LJ 2_
J1-43 1J2-43 [YEL—Ery CBL 148 - %04
J1-41 lJ2-41 |orG ELK REV D ?)5 é)p
Ji-44 |J2-44 [0RE—%ep @ Iﬁ !
JI-01 [Jz-o1 [ORG —zan ]
“JJi-04 |JZ-04 [ORG—gTy M M ""
- J2-02 |ORG—ggy . | e
JI-05 |J2-05 [ORS %Ry e}
Ji-10 [Jz-10 |6RN ik <1,
JI-13_|Jz-13_|oFeo =l
d1-75 [J2-75 |6RN—y ? I
JI-78 [J2-78 |GRN BLU e SEE NOTE 2 S’ B
JI-15 |J2-15 |GRN gy - il
Jor-1e [uz-1s [cRi—ve ol
JI-16 {J42-16 [6RM—=Ry z |
J1-20 [J2-20 |GR 57, '
Ji-17 [J2-17 [6RY—R%Ep
Ji-21 |J2-21 [6RY—~gur
JI-42 {J2-42 |GRY—vE
JI-45 |J2-45 |6F7ze B
Ji-Se |iz-56 | mux
Ni- 53 |42-53 T .
5o [Tz-so 4 veEL
J\-47 |J2-47 ORG <:
W76 o7 | GRM I STAMP MARKINGS J1£42 .19 MiGH U BLACK INK
qJ1-723 1v2-73 | @RY | LOCATE. APPROX AS SHOWN.
J1-77 0 N2-77 PP 2. 't*;pispAngou% ¢ REVISION I BLACK OM - ITEM -90! {107 6"
. - Buk W
j:_?: jzz--uii < '::; Tll’ A 3. CUT OFF UMUSED WIRES AND TERMINATE \WSIDE %o, | OIM L
CABLE BOTH EMBS. MATERIAL DWN 12
J-ir [de-u res con o g > PRIME COMPUTER, INC. A
SEE J( ¢ iw 9/ 7 f5] FRAMINGHAM, MASS,
UNLESS OTHERWISE SPECIFIED JENG. V X CABLE, DA‘SY CHA!N
—REMOVE ALL BURRS AND |- D22 (Gave ,_:l':,g (SMD)
SHARP EDGES: APPRD
oot e woows (00 56l 2 __ .
IR n w7 feosqagr=ger e Tor ] C CBLM—SI XXX[D] &
N

2




4

oF

ITE™ 2.
2 INSTALL \TEM 10 W LoToOT OF \TEM & TO \HSDRE.

G CUT OFF ONUSED WIRES AND TERMIMATE WSIDE CABLE

BOTH ENDS.

~REMOVE ALL BURRS AND
SHARP EDGES:

SRR 4

AP)’RD

(SMD) TO 4004

WIRE 15T ég- LTR DATE REVISION DR. CK.
From | To |SeliuE| ot el e S
Ci1-01 -25|BLK | = fop C 1\w77 [EVISED PER ECR 7023 & 2024 9’5/’ ST
Cl-02 |TI-22 | WHT | —

C1-03 |Fi-4s | YEL | — o
ci-o04 | 7I - ORG :- g D
ci1-05 | T1-51 | GRN 5
ci-06 48 | GRY — ‘3’ o
Ccl1-07 |T1-55] BLK | WHT 3
cl- T1-52 | BLK | RED 9
Cl-09 | T1-26 | BLK | GRN
Ci-1o |71-23]| BLK | ORG 0
Cl-11_{Ji-27 | BLK | YEL
cl-12 [ T1-24| BLK | BLUE
cl-13 Ti-31 | WHT BLK P—
Cl-14 |JTI-28 | WHT | RED
Cl-15 | Ji~-32| WHT | GRN N m/@
Cl-16 TI-29 W'HT ORG u o m
e i
)-18 -
(c:|-|9 Ti-37]| WHT | BRwWN g} cBLIMLS, ( ) 1 /@ SEE No7e # 5 .
Ci-20 | T1-34 | WHT | GRY ﬁ REV. €
cl-21 T1-38| YEL | BLK 2 @ J |
Cl-22 | 71-35| YEL | RED 5
C\-23 | ¥1-39| YEL | GRN 0 SEE NOTE 4
Cl-24 | 7/-36| YEL |BLUE [ _— 20" e ] o@
Cl-25 | J1-43] YEL | BRWN T™ve
Cl-2¢ | T1-4Ho| YEL | GRY L M
Cl-27 =44l oRG | BLK
cl-28 | Ti=-Y4l| ORG | RED
cl-29 | Ti-04| ORG | GRN
Cil-30 | 7/-0/| ORG | BLUE e 1€z
Cl-31 T -05| ORG | BRWN TYPICAL 2 PLACES
cl-32 |TiI-02] ORG | GRY
Cl-33 | T1-13| GRN | BLK REF
Ci-34 | T1-10| GRN | RED 5500 5
€C1-35 | J1- GRN | WHT E%_ OOOOOO O w
Cl-3¢ ~75] GRN | BLUE = r——S OOOO ®)
Ci1-37 [ T1-)g| GRN | BRWN o .I @
Cl-38 J1- )5 GRN | YEL
cl1-39 Ti1~20| GRN | GRY
Ccl-40 | T1=16]| GRY | BLK 6 J10) SEE NOTE 3
Cl-44 | J1-21| GRY | RED —
Cl-42 | T1-]7] GRY | WHT
Ccl-43 [TI-45] GRY | YEL
Cl-44 |TI-Y42]| GRY | ORG
CZ-o\ |[T\-S6 |Buk | —
Ce-02 [J\-93 |WHT —_
cz-03 [Nnsop/YEL | — :
CZ-04 |T-474 ORe| —
C2-0S [T+ 2 |GRM| — \
C2Cle | IJVT73 |GRY| — \|

C2-07 |T\-77 [Buk | WAT — i
cz-08 [Jw74 [BLk | RED ~-90] jeo' Té 't

C2-092 |N-14 (BU< |GRN TP - XXX L Dim

cz-l6e [Tl |Blk |ORG MATERIAL D&:{‘ 24, Qﬂ/n/n’ PRIME COMPUTER, INC. -

NOTES ¢ . . SEE BoMm NATICK, MASS. A

. STAMP MARKING Cl-CZ .19 HIGH \W WHITE IMK 5. STAMP MARKIMG  J1 .9 HIGH IN BLACK INK  LOCATE. j; /4 ¥ ”/'?/w
LocATE APPROL AS SHOWM. APPROR AR SHOWNM. UNLESS OTHERWISE SPECIFIED [ENG. ¢ CABLE CONTROL N
2. WSERT KEY \TEM 4 BETWEEM SIOTS 25 /26 £27/28 T v
3

TOMENCIONS AREININCHES | 1/ /igss ve7¢ JCONTROLLER
. TIGHT FIT OF CABLE . XX XXX ANGLES ‘| USED ON SCALE NONE | SIZE DWG@ C-X REV |
4‘ TP PART Neo. £ REV WM BLACK OU \TEM 7 AS SHMN 22»&3 *.02 =005 =1/2° [NEXT ASSY 4 245/0 - 7o | JSHEET | OF | c L l 47 _ XX C .

4

%

2

1




”-

A e e e

-

y T ey
] 8 . 6 5 v K 2 1. '
i M [LTR
WIRE LIST mri I):Az‘/.;E; .eamseanwswn me’kx". vgf
; FROM | ToO Cotor | TYPE SIGNAL T |8 oIS H]REVISED PER ECR 1923 1 S
: oFf wiks W G G2 P I St A N
; Ci-ot |T1-B |Blve WRITE M
; Cl~02 [Ti1-A WHITE [SHI&L0ED 0ATR -
o Ici-o3 |3~ b [sHecp 4
i’ €1-o04 |[J1-N |Beve
iDlcios [7i-m [whire SERVS D
i lci~06 [71-K  |sHrew¥
i [ei-07 |7i-v |Beve
’ ci-o0€ |[T1-U | wHiTE Reno
| Ler=09 [71-7  [sHieco”
I [ci-70 [71-x | 8ee ]
o [er=a _[mi-w |whire Rty
!' ci~i12 |-y sHIEw ¥
I €I=13 |TI-T |8eve ¥ -
= [Tmn [wwite | smiecoeo yie —
1 Ci-15 |71-E SHIELD *
: cl-/6
; Ci=17 . 6#
i Ci-/8 @ a
ci-19 =
o jCi20 19188 [REL |TWISTED | ., o SEE NOTE B
; cl-2 | TI-DD | BLAcK | PAIR sELeCcT - ‘
N T .
' C Ci-23 |72-B |Bive .00 q c'
i Cr1=-24 |T2-A [WHITE * SHIELDED) SEE NoTEs ™ v 4 REF 2
! cl-25 |T2-D [sweELD | &
ci-20 |72-N |BLvE 0606 i : o £ see nvore ® 5 SE€ NOTE ")
j ci-27 |[72-M |wwite ! A
g C1-2% | T2-K |SHIELD *| %\ <! 2 . : : Rev I; , @ @00
- [ci-29 [72-v |aivF see woTesis [ | : )
I |ei-30 [T2-u_ |waire R4 x
;{ ci-31 |72-T SHIELD® TO CONN C OR Fqg— — 75 -—
: Cl-32 |Te-x |BLuE a_‘
€/1-33 |T2-w WHITE IS ‘_
| ler-3y 72-v | swew™ S
I |ei-35 [F2-7 | Bewe ) ‘7"
Cl=-3¢6 |TJ2-H WHITE | sHI&LOED
€/-37 [T2-F |SHIELD "
ci-3%
¢/1-39
c€l-9o @ SEE NOTE G @

B Cil-41 B .
Cl-42 [T2-8B8 |RED TWISTED
€/1-43 |72-00 |BLack | 7A% io)

31

.o
A .. M : A !

| o S T Ta e e o prves 21 e ~ .. 73, 5 (07 PRNE CONPUTER NG
1! REQ. LENGTH OF TUMPER To RBE DETERMINED BY ASSEMBLER. 7. FOR CABLE COD/NG LOCATION, SE& bwe INS/2/0. T FRAMINGHAM, MASS.
3, 2. INSERT )TEM P9 (KeEY)BETWEEN StoTs 2§/2¢ £ 272, OF I17em #3, . ;)g/gdw HRay,, >
| . 3. ITEM l MUST PROTRUBE THRU ITEM |18 TO ASSURE Pomifive STRAW RELEF S S [T CABLE DATA 1
| Y. STAMP MABKINGS CI IN WHITE INK .19 NIGH .LOCATE RPPROX. RS SHOWN. vl - AR AE Goori o (sMD) TO 4004 - =
5. ;1;4?:“04:&40“5 TI § T8 IN BLACK INK .)9HIGH. LOCATE APPROX, 901 |(OFT.Z6 [10FT.TCT[15 FT. 267 | nacnsions ARE IN thchey CONTROLLER -
; ' G. TYPE PART NUmBER f REVISIoN ON 176M * 22 AS SHOWN . ‘ T-04 ~XXX |DIM A" [DIM-B |DiM. €| B N5 Mas %HMLI479-XXXIC'
| 8 [ | . 6 5 4 3 2 | 1 |




DWN.{.£7 12 %%| T|TLE BOMESA 2875 =XX X[V
PRIME COMPUTER INC. CHK.déJ'I‘\ STORAGE MODULE NHA. 400 4 - XXX %@T..LOF_S_ D
EN ’&,’/77 COMTROLLER REV.I ECN JCKIREV.] ECN [CK
FRAMINGHAM, MASS. _jﬁ.ﬁ_% A — SR
APPRDM WAL SUB- ASSEMBLY B |20z  [Pir
oL e C_ 213 >
STANDARD COST DATE D (2153 |2t/
ITEM [SIZE [PART NUMBER |y QUARTITY DESCRIPTION STANDARD
| D |(ESA2060-%01} I SOCKET AS5Y, Smc
2 C |MEC 0587 ! STIFFENER ASSY
3 C |MECco0270 ! PINFIELD GUARD
4 A |MECo412 4 STAND OFF, PINFIELD GUARD
5 MEC 0309-004] 10 SCREW,RD HD NYLON *4-40x VqL6
6 MEC0303-005] 5 SCREW, PN HD CRES ¥4-40X 5/ LG
7 MEC0388-002 ] 7 NUT, SELF LOCKING ¥ 4 -40
8 MEC 0356 5 WASHER , FLAT FIEER ¥4 L
9 MEC Q292 1 PLATE, SERIAL NO.
10 MEC 2370-001 | ! LABEL , ECN LOG
i MEC 0303-007| 2 SCREW, BD HD ™4-40X Vi LG
12
13 MEC 1836-001]| 2 HEAT SINK, I HOLE
14 1MEC8068-001 | Alr COMPOUND, THERMAL JOINT
15 CAPO552-525 | 2 CAP. TANT LOa¥X 35V * 10% CLC2
16 MECO/55-001 | 1’ TUBING , HEAT SHRINK 3/44 ID
17 MEC0159-006 | 3" TUBING; WERT SHRINK Vg T 0
18 WIR 0542-000] 6" WIRE, RZAWG STRANDED  ( BLACK)
19 WIR 0542-002|2" WIRE, 22 AWG S7RANOED ( RED)
20 WIR 0542-0034 6" WIRE, 22 AWG STRANDED (ORANGE)
21 WIRI1221-003] 2" WIRE, BUSS ®22 AWe-
22 RES 0250-202] | RESISTOR NETWORK 2K
POr-e00A
DWN/ /7 * > I TITLE: BOM ESAZ8T5 ~XX X[
PRIME COMPUTER INC, [SHX. STORAGE. MODULE  IWmAT ST Zor | O
FRAMINGHAM, MASS. ENG. COMTROLLER REV.] ECN JCKIREV.| ECN | CK
APPRD. SOR- ASSEMBLY
STANDARD COST. DATE
'TE“ SIZE PART NUMBER ~901 |-802 -BOSIQ-gsg FSIOT!:-QOS -8 0T -908] DEsCRlPT'ON sreggQ'RD
45 Icboo40 14 T4H53
46 1D 004 3 74HG I
47 ICDoo42 ] 74He2
48 ICD0043 3 74H 74
49 ICD 0046 I 74HI106
50 ICDOOS58 A 744 2
5l ICDO0OO5Y i 8094
52 ICDoo6o 4 gz¢62 1/ _
53 ICDO0OO0G2 ] 9602
54 ICDO0GS I 75452
55 IcD006?S ! 7432
56 Icboo70 ['e) 74564
57 Icboo7i ] 74574
58 ICDOOT2 6 745112
59 I1CDo074 8 745153
60 ICDOO075 2 745157
6l ICD 0076 g 745174
62 IcD 0078 8 745194
] ICDoo75 2 2562
64
65 IcDoo8s 3 74500
66 IcDoogg 4 74504
POF -004A

DWN. (/7 1237 | 7| TLE BOM ESA 2875 =XXX|
PRIME COMPUTER INC. | SH&. STORAGE MODULE  [NHA: T zorz| D
ENG. CONTROLLER REV.] ECN JCK|REV.] ECN | CK
FRAMINGHAM, MASS.
APPRD. SUBR- ASSEMBLY
STANDARD COST. DATE
ITEM |SIZE [PART NUMBER [ QUARTITY DESCRIPTION STANDARD
23 RES0250-i153} 1 RESISTOR NETWORK 15 K
24 RES1242-222) 1 RESISTOR NETWORK 2.2 K
25 MEC1546- 001 | I DELAY LINE (DL1)
26 RES 0250-560] 5 RESISTOR NETWORK 56 .-
27 RESOR50-820] 2 RESISTOR NETWORK g2
28 RES0250-102] 2 RESISTOR NETWORK I K
29 MEC 1546-002 ] | DELAY LINE (bL2)
30 REL 1539 I RELAY, REED SPDT
31 A |meci7a2i-127 | RESISTOR CAP ASSY (RC127)
32 ICD 2486 2 REGULATOR
33 ICDO002% 5 74Hoo
24 ICDooL6 / 74Ha
35 IChooz27 ] 740 2
36 IcbqQozs 13 74H0 4
37 ICD 0029 & 74Ho8 )
38 IcD 0030 4 74HI0
39 ICDo0o3I 4 T4HI1
40 ICD0O033 3 74420
41 IcDo0O34 3 74HZ]
4.2 ICDO0O35 3 74-H30
43 Ic¢Db o038 D 74H50
44 ITcpoo3s |& J4H5 2
PO7 - 004 A
DWN. { £/ 2307 TITLE BOM ESAZ28TS -XXX[*7%
PRIME COMPUTER INC, | SHX. STORAGE  MODULE Ly_rélAi JSAT. ZOF £ D
FRAMINGHAM, MASS. |ENG. COMTROLLER REV.] ECN JCK|JREV.] ECN | CK
APPRD. | SLBR- ASSEMBLY
STANDARD COST DATE
ITEM |SIZE |PART NUMBER oo QUARTITY DESCRIPTION STANDARD
67 ICDooss I 74510
%8 I1CDo6089 |4 7451
69 ICDb 0037 2 74586
70 IcD oz 7 8095
71
72 ICD OIS 3 7408
73 IcCDOIS4 = 7400
74 ICDO!95 2 7404
75 IChO!9%¢ ] 7410
76 ICD020) 4 7474 /
77 IcDho2is 2 74H55
78 ICD0&80 / 7427
79 TICcD 2204 2 745169
80 ICD 2333 3 74502
g1 ICD2334 4 74508
82 Ich 2336 ] 74520
83 IcD 2338 A 74532
84 Ich 2339 [ 74537
85 IcD 2345 2 745260
8¢ ICh 2346 2 82509
87 IcD247¢ | 4 74166
88 ICD 2477 3 74 393
POF - 004A

IZ-05
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