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Controller Cable Terminal Interpretation:
Cable: Cable:
DA15S DA15SP As As
ECL Driver Connector Belden #9507 Connector ECL Receiver Data: Control:
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BLACK First Not
video Specified
bit
)
Second Not
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bit

Third Horizontal
video Sync
bit

Fourth  Vertical
video Sync
bit

ORANGE 5
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ClockB

‘ 73 DataOut RED 5
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Figure 7.1.1 Terminal Interface Drivers, Cable, and Receivers
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Figure 7.1.3 Terminal Interface Timing
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7.2 UTVFC (User Terminal Variable Format Controller)

7.2.1 Introduction

The UTVFC occupies a single DO board, and supports up to four user terminais utilizing the
interface and protocol described in section 7.1. The major subsections of the board are
shown in figure 7.2.1. The UTVFC provides horizontal sync for all channels, data buffering
for up to 1024 bits per scan line for each channel, a 32 x 32 bit hardware cursor for two of
the channels, receivers for the backchannel associated with each terminal, and the logic
necessary to interface the DO I/0O system. The video bit rate, horizontal line rate, number of
words per scan line and vertical field rate for all four channels must be identical. The bit
rate is set by a crystal oscillator, the line rate is determined by the horizontal control RAM,
which must be initialized by the processor, and the vertical field rate is determined by the
controller microcode, which must count scan lines. The microcode is also responsible for
accumuiating the serial backchannel message.

The UTVFC aiso contains provisions for single-stepping the video clock, and reading a
number of internal signals.

f———eee——("_) TOCIKA, TOCIKB
Clock Generator T1CKA. T1CIKE
= ntrol S ’
Contro . (") T2CIkA, T2CIkB
Sync Generation == Tacia, Ta0iKE
: QutD.00-15
4 Channel Data Buffer [——<__) TOData0-3"
and Addressing i T1Data0-3
- f———(__) T2Data0-3
Cursor Mixing ") T3Data0-3
TODataOut |
Sync Muitipiexing T10a gta'o;l;nel 10Att’
T20sta0ut | v —_]
CTGDathut |
Register Adcress C000-3
Qevice Address | Device Addres 2 Channel C100-3 Device ID
s Recognition Cursaor Logic ataoon
-_ ] Diagnostic ——————{
BC Interface input Data

Figure 7.2.1  UTVFC Major Subsections
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7.2.2 Output Registers

Figure 7.2.2 shows the assignment of output register addresses in the UTVFC. Eleven of the
sixteen possible registers available to a controller are used. The function of each register is
discussed briefly here, and more fully in following sections. These registers cannot be read
directly, but most can be read indirectly via the diagnostic interface.

Register O is the control register. The most significant byte of the control register holds the
two unassigned bits that are sent to each terminal as part of a control nibble. Bits 8, 14, and
15 control the clock generator and enable controller wakeup requests. Bits 9 and 10 control
the polarity of the video for channels 0 and 1, and bits 11-13 control terminal blanking during
vertical retrace and the generation of vertical sync.

Register 1 is the data buffer starting address register. This register must be initialized by the
microcode with 64d-Nwrds (the number of memory words per scan line) as a function of the
terminal type. Bits 0 and 1 shouid be 11 during normal operation; they are provided for
diagnostic control and to initialize the horizontal control RAM.

Register 2 is the horizontal control RAM location addressed by AAR[0:7]. The horizontal
control RAM is loaded only during controller initialization.

Doing an OUTPUT to register 3 does not cause data to be transferred from the DO, but loads
IAR from START.

Registers 4 and 5 are the cursor control registers for channels 0 and 1. These registers are
loaded by the microcode during every scan line preceding a line in which the cursor is
visible.

Registers 6 and 7 are the cursor memory locations addressed by COAddr and C1Addr. It is
only necessary to load the cursor memory when the cursor bitmap is changed.

Registers 10b through 14b are the data buffers for the four display channels. These buffers
are loaded with data to be serialized as video.
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0:

Control Register « OutD[0:15]

1:

Buffer Start « OutD{0:7]

2:

Horizontal Control Ram [AAR[0:7]] « OutD{12:15]

3:
IAR[0:5] « Start[0:5]

4:
Cursor O « QutD[0:15]

A

5:
Cursor 1 « OutD[0:15]

6:
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Cursor Memory 0 [COAddr{0:7]] « OutD[12:15]

7:

Cursor Memory 1 [C1Addr{0:7]] « OutD[12:15]

" 10:;

BufO [IAR[0:5]] « OutD[0:15], IAR « |AR + 1

11:

Buf1 [IAR[0:5]] « OutD[0:15], IAR « IAR + 1

12:

Buf2 [IAR[0:5]] « OutD([0:15], IAR « |AR + 1

13:

Buf3 [IAR[0:5] = OutD[C:15], IAR = IAR « 1

11 12 13 14 15

Figure 7.2.2 Output Register Functions
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7.2.3 Timing and Sync Generation

The basic frequency source in the UTVFC is a crystal oscillator which operates at the video
bit rate. This frequency is divided by four in a two-bit Gray code counter to form the signals
CIkA, CIkB, and NCIk (nibble clock). Most register transfers within that portion of the UTVFC
synchronized to the video rate occur on the fall of NClk. The Gray counter sequence is:

ClkA ClkB NCIk

0 0 0
0 1 0
1 1 0
1 0 1

Note that CIkA and CIkB are in quadrature, and that NClk falls when CIKA rises, which
causes the data to the terminal to change in accordance with the terminal protocol.
Internally, CIkB runs continuously, but the signal DropClockB will cause it to be suppressed
at the terminal cable drivers.

The DO microprogram can control the clock generator using the AllowWU, IncNC, and CIrNC
bits of the control register. |f AllowWU is true, the crystal oscillator is enabled. If AllowWU
is false, the oscillator is disabled. While the oscillator is disabled, an OUTPUT to the control
register with CIrNC true resets the Gray counter, and OUTPUT with IncNC true increments
the counter. Four OUTPUTS generate one Ncik.

The logic that generates the synchronization signals and controls transmission of data to the
terminal is shown in figure 7.2.3. The horizontal control RAM is the principal source of
control signals. This RAM is addressed by the Active Address Register (AAR), which also
addresses the data buffer whose contents are currently being sent to the terminals. Each
scan line is divided into two segments by the signal ControlPhase. When ControlPhase is
false, data are sent to the terminals. As each nibble is transmitted, AAR is incremented,
which accesses the next address in the horizontal control RAM. During this segment of the
scan line, the signals HS and Switch are forced to zero by the multiplexer on the input of the
horizontal control register. Only the signals ML (associated with vertical sync generation)
and SetCPhase are determined by the RAM contents.

When a RAM location with SetCPhase=1 is accessed, the ControlPhase flip-flop is set.
ControlPhase forces the data being sent to the terminal to zero (blanking the display), and
also switches the horizontal control register input muitiplexer so that the signals HS and
Switch are determined by the contents of the RAM. AAR continues to increment until a RAM
location with Switch=1 is accessed. When Switch occurs, ControlPhase is cleared.
AAR[O:7] is loaded from Siart{0:3},.0, and the cycle repeats. At switch time. the
synchrgonized control regisier s icaded from the coniroi registsr o pregparauon for the next
scan line. Switch also compiements the Even/Qdd Line flip flop, which causes the roles of
the inactive and active data buffers to be reversed.

During ControlPhase, a horizontal sync signal will be sent to the terminal. The width of the
sync pulse and its relationship to the blanking interval are determined by the contents of the
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horizontal control RAM. Figure 7.2.4 shows the timing of events in the vicinity of a horizontal
sync pulse in detail. The signal (HS or VS) sets the SendControl flip flop which causes
DropClockB to be set one nibble time later. DropClockB causes the terminal to interpret the
data lines as control information. SendControl is used in the data section of the UTVFC to
gate HS and VS to the data lines (the bits in the most significant byte of the controi register
are also sent). When (HS or VS) becomes false, SendControl is extended for one extra
nibble time to allow the control register in the terminal to be cleared.

Generation of vertical sync is the responsibility of the UTVFC microprogram. Both interlaced
and non-interiaced displays may be driven by the UTVFC. The microcode must change the
PPVS bit in the control register during the scan line preceding the one in which VS is to
change. The state of the OddField bit determines whether VS will change on the falling
edge of HS (OddField=1), or on the falling edge of ML (OddField =0).

The UTVFC requests a wakeup at the beginning of every horizontal line (at the fall of
SWITCH). The wakeup request remains set until explicitly cleared by the IOStrobe function,
except that a wakeup request will not be issued if the UTVFC's task is running. The
AllowWU bit in the control register unconditionally disables wakeup requests.
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Evenline

OddLine
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Figure 7.2.3 Control and Sync Generation
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7.2.4 Data Buffering

The UTVFC contains two data buffers, each of which holds a full scan line for four terminals.
One buffer is loaded by the DO while the other is being transmitted to the displays. The
signal Switch, which is generated by the control logic at the end of each scan line, ping-
pongs . the buffers. Figure 7.2.5 shows the data buffers and their interconnection.

There are two address registers for the data buffers. |AR, the Inactive Address Register,
addresses the buffer currently being loaded by the DO. AAR, the Active Address Register,

addresses the buffer being read to the terminais. AAR also addresses the horizontal control
RAM.

IAR is a six-bit register. It supplies the most significant bits of the inactive buffer address;
the low two bits are functions of Qaddr.6 and Qaddr.7. |AR is incremented by one each time
the DO delivers a word to the inactive data buffer. IAR is loaded from the register START
when IAR =63d and the DO delivers a word to the buffer. START should contain 64d minus
the number of words to be displayed on a scan line, so if IAR initially contains the value in
START and the DO delivers (64d-START) words during a scan line, IAR will end up with its
initial value. This makes it unnecessary for the DO to modify IAR uniess START is changed.
A bit in START (ForcelARLoad’) forces |AR to be loaded from START each time the DO
delivers a word to the buffer. This is provided for testing and initialization.

AAR is an eignht bit register. It is incremented by NClk. AAR is loaded with 4*START by
Switch. There is a bit in START (ForceAARLoad) which loads AAR on every NClk. This is
provided for testing, and to initialize the Horizontal Control RAM.

During each scan line, the processor delivers the data for the next scan line for the first
terminal, then delivers a full scan line for the second terminal, and so forth. When the data
are being transmitted to the terminals, the first nibble for all four terminals is read, then the
second nibble, and so on. To accomplish this, each four-bit section of both buffers is
independently addressable, and there is logic at the input and at the output of the buffers to
shift the data appropriately.

When the DO delivers a 16-bit word to the buffer, the data are cycled so that the most
significant nibble for terminal n is placed in buffer n. In addition, the low order two bitg of
the buffer address are set as a function of the terminal number so that nibble n of the data

- for all terminals is stored in buffer location n. The buffer address is then incremented by 4

(by incrementing {AR by 1). This operation results in the data being located in the buffer as
shown in figure 7.2.8.

When data are removed from the buffer. the words are accessed sequentially (since each
word contains one nibble for each of the four terminals), but the data must be cycled to
remove the cycle introduced when the buffer was loaded. This is done by the output shifter.
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Buffer:
BO B1 B2 B3

BitNumber: |O 314 718 11112 1d
TO

3 T T2 T3
N3 N3 N3 | N3

T2 | T3 TO | T1

N

Buffer N2 | N2 | N2 |N2

Location -
X T3 T0 T1 IN2 Tx = Terminal x
1 N1 | N1 | N1 N1 Ny = Nibble y

To| T | T2 |3
0 No | No | No |NO

Figure 7.2.6 Buffer Contents as a function of location

Control information is multiplexed with the video data between the first and second rank of
the output shifter. The first rank of the shifter is disabled by SendControl, and the terminal
control bits, HS, and VS are tri-stated onto these lines. The second rank of the shifter is
composed of multipiexer-latches that drive the data line level converters for channels 2 and
3 directly. Channels 0 and 1 have hardware to mix the cursor with the video data between
the shifter register and the line drivers.

Channels 0 and 1 also have logic to control the polarity of the background video. If the
BckGnd0/1 bit in the control register is zero, the associated channel will display white for
zero bits in memory. The cursor is ORed with the video data before the background polarity
is selected, so ones in the cursor memory always correspond to a polarity opposite of that of
the background. For channels 2 and 3, zeros in memory correspond to a bianked display.
The PPBlank bit in the control register causes the terminal to be blanked by disabling the
line drivers (but the line drivers are enabled when control is transmitted). Because of the
delay introduced by cursor mixing, the data and clocks for channeis 0 and 1 have an extra
level of latching, which delays them by one nibble relative to channels 2 and 3. This is only
important for terminals (e.g. color terminals) that use more than one channel to drive a
single display.
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7.2.5 Cursor

Channels 0 and 1 of the UTVFC contain logic to generate 32x32 bit cursors (see figure
7.2.7). A 256x4 RAM holds the cursor video pattern for each channel. This RAM is
addressed by CxAddr{0:7]. Bits 0-4 of this register select one of 32 eight-nibble cursor
segments to be displayed on a particular scan line. In the scan line preceding the one in
which cursor segment S is to be displayed, the microcode will load the cursor control
register with S in bits 0-4, with a one in bit 5 to enable the cursor logic, and with the
negative of the x coordinate of the leftmost bit of the cursor in bits 6-15. During the next
control phase, this quantity is loaded into the cursor x position counter. During the
subsequent scan line, the x position counter is incremented by NCIk until its most significant
five bits are zero, at which time CxShift becomes true. During the next eight nibble times,
the cursor RAM outputs are enabled, and the eight nibbles of cursor segment S are loaded
into the output register (at all other times, the cursor RAM outputs are forced to zero). The
final shift required to place the cursor on the scan line with a precision of one bit is provided
by the cursor shifter, controlled by the low two bits of the x holding register. Up to three bits
of a given nibble may be shifted so that they must be merged with the following nibble;
these bits are recirculated through the output register. The cursor video (CxD0-3) is ORed
with the main video as described in figure 7.2.4.

The cursor memory must be loaded during vertical retrace, since the value in the x position
counter used to address the cursor RAM can only be set if PBlank = 1. During this time, the
x position counter is loaded from the x holding register, so the microprogram can load an
address into CxAddr{[0:7], then write the data for that location into the cursor RAM (a total of
512 OUTPUT operations are required to load the RAM with the full 32x32 cursor).
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Figure 7.2.7 Cursor Logic (channeis O and 1 only)
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7.2.6 Backchannel

The state of the backchannel message bit from the terminal is provided on the IOAttn line.
IOAttn will be true if the message bit is a logical one. The terminal that is selected to deliver
its message is determined by |Addr.6-7. The intent is that the microcode will send the first
block of data to a terminal with a memory operation (which will set IAddr.6-7 to the terminal
number), then branch on IOAttn before doing a task switch or other memory reference.
Since IOAttn must be sampled every scan line, this means that the microcode may have to
do an innocuous memory operation to set the terminal number if it has no data to deliver.

7.2.7 Controller Identification and Diagnostic Input

The UTVFC provides only one Input register. This register is transmitted when any of the
sixteen registers available to the UTVFC's task are accessed. The format of the register is
shown in figure 7.2.8. The most significant byte of the register contains 2, the UTVFC's
unique ID number. Bits 8 through 12 are determined by wiring on the platform containing
the crystal oscillator, and indicate the frequency of the bitclock. Bits 13-14 are 10, and bit
15 is the Test Bit.

‘The Test Bit is the output of a forty-bit shift register whose inputs are connected to a
number of internal signals in the controller (refer to the logic diagrams). When an INPUT is
done from a register with address >3 (mod 16) these bits are loaded into the shift register.
When an INPUT is done with address <4, the register is shifted. The intent is that a (Mesa)
program can be written that controls the UTVFC clock and checks most of the internal logic
of the UTVFC via this path.

0 0 0 0 o o 1 (o] Bitclock Rate 1 o ';?tst

IS NN NN N WU S | I N R | | |
0 1 2 3 4 5 & 17 8 9 10 11 12 13 14 15

Figure 7.2.8 Input Register Format
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8.0 Rigid Disk Controller
8.1 Introduction

The Rigid Disk Controller (RDC) is capabie of operating up to four Shugart SA4000 disks.
The RDC controis disk formatting, data buffering, error checking and ECC syndrome
generation, data transfers to and from the DO, and generation of wakeup requests for the
disk microcode. The RDC also contains self-test logic with which a program can simulate
the disk drive and exercise the controller on a clock-by-clock basis.

8.2 Disk Characteristics

The principal characteristics of the SA4000 disk are shown in Table 8.1. The unformatted
capacity of the disk is 29.1Mbytes. The useful data capacity after formatting is 45248
sectors * 512 bytes/sector = 23.1Mbytes. Each sector is formatted into three records, a
header, a label, and a data record. Details of sector formatting are shown in Table 8.2.
Each record in a sector may be independently read, written, verified, or not accessed,
subject to limitations imposed by a command decoding PROM in the controller and to the
restriction (imposed by read-amplifier recovery time) that a record cannot be read following a
write to the preceding record.

Table 8.1
Number of tracks 202
Number of surfaces 4
Heads/surface 2
Bytes/track 18000
Sectors/track 28
Total sectors 45248
Transfer rate (peak) 7.1Mb/sec (2.2 us/word)
Rotation time 20ms

Seek time (min/avg/max) 20/65/140 ms
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General Reset (data is ignored)

Output Registers
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Figure 8.3 RDC Output and Input Reaqisters
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Table 8.2 - Sector Format (as written)

Use: Bytes:
Preambie 183 Os
Sync 1 00001010
Header 4
Header CRC 2
Postambie 5 The write gate is on only during the first byte
Preambie 10 O's
Sync 1 00001010
Label 16
Label CRC 2
Postambie 5 The write gate is on only during the first byte
Preambie 10 O's
Sync 1 00001010
Data 512
Data ECC 4
Postamble 3 The write gate is on only during the first byte

Recovery gap 53
Total Sector 642

8.3 DO - Controller Interface

The DO and the RDC communicate using seven of the sixteen output registers and four of
the sixteen input registers available to a controller. Figure 8.3 shows these registers. In the
descriptions that follow, page references refer to the RDC logic diagrams.

8.3.1 Output Registers

The registers used to transmit information from the DO to the RDC are:
0: GeneraiReset (see “ErrReset” beiow).

1: Drive/Head: This register is buffered and sent directly to the drive(s). Values of the head field >7
select up to 8 optional fixed heads. After a drive change (or a Write Fault), ~2 sectors must pass
before the signal DevSelOK becomes true (p13). DevSelOK inhibits writing.

2. ErrReset: The RDC may be reset in several ways. RUN' OR GeneralReset = Reset, which sets
the IOStrobe f-f (p2), clears the Wakeup Counter (p3), the AllowWake f-f and the Seek Counter (the
counter is loaded with 17b) (p4), portions of the Format Sequencer (pS) and the Buffer Control
Sequencer (p6) the DevSelOK counter (p13), and the Read Gate (p14). Reset OR ErrReset aiso ciears
the WriteFault f-f in the drive, the Rate€rror f-f (p13), the IntOp register (p4), the ReadError f-f (p11),
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and the Error Register and OFault f-f (p12).
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3: DevOpReglLd: The DevOp register holds disk commands and the AllowWake bit (which must be
set at each OUTPUT if wakeups are to be enabled). The command bits in the DevOp register are
discussed below.

4: BufDatald: Data directed to this register is written into Buffer[MemBufAdr].

5: TestRegld: This register allows a program to simulate all signals generated by the disk. For normal
- operation, bit 7 of this register should be cleared.

6: MemBufAdrLd: This register holds the current pointer into the RDC's data buffer.

7: PrimelData: This "register" must be accessed with an OUTPUT by the microcode before reading
the first word of each sector from the data buffer. It loads the Idata register (p8) from the data buffer
and increments MemBufAdr (p7). The data transmitted by the OUTPUT is ignored.

8.3.2 Input Registers
The four RDC input registers are:

0: Controller ID: This register returns the controller ID (1407b). It is valid only immediately after a
reset, since it contains the ServiceLate and WakeRequest bits. The WakeReq f-f will be set by the
SectorWake sgnal at the next sector pulse, making ID = 1417b (although since AllowWake =0, no request
will be made to the DO).

1: Status: This register contains the controller and drive status. The significance of the bits is as
follows:
bits 0-4: 0

bit 5*: ServiceLate: This bit is set if DevOp is loaded during the header or label field, or if
<16 words have been delivered to the buffer when the header sync byte is found [Precisely, if
MemBufAdr(2:3] = O when sync is found].

bit 6*: ServiceLate': This bit is here to ease the problem of Idata Parity generation.

bit 7*:  RateError: This bit is set if the Buffer Control Sequencer bit "RateErrorPossibie" is
set and the '2' bit of the Wakeup counter = 1. RateErrorPossibie is only asserted during the
data transfer phase of a WriteData or VerifyData operation; during these operations, if the
processor falls more than one wakeup behind the disk’'s need for data, a rate error will be
indicated.

bit 8: Sector0: This bit is true for the duration of physical sector 0, i.e., from index to the
next sector pulse.

bit 9: TrackO: This is a signal from the drive. asserted when the heads are at TrackO.
oit 10: Seek Compiete: This is a signal from the drive. ingicating that a previous seek has
completed. After this signal becomes true, the microcode must wait an additional 28 sector

times (20ms) for the head arm to settle before doing a data transfer.

bit 11: DevSelOK: This signal indicates that a drive is seiected, is ready, does not have a
WriteFault, and has delivered at least two sector puises since selection.
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bit 12*: BufErr: This bit is set during a write if data taken from the RDC's buffer has bad
parity.

bit 13*: RdEr: This bit is set if the CRC fails during a header read (uniess InhHdrAbrt = 1),
or during a label read or verify, or if the ECC indicates an error during a data read or verify.

bit 14*: WriteFault: This is a signal from the drive, indicating that a problem that wouid
cause errors during a write exists.

bit 15*: OFauit: This line is a latched version of the OFauit line from the DO, which indicates
that a double-bit error was detected during a memory reference.

Bits marked with * set Abort and remain set until explicitly cleared by ErrReset or GeneralReset..

12b: This register provides loopback for all signals transmitted to the drive. The sampling point for
these signals is the disk cable, so ail the controller logic may be tested (even without a disk).

17b: This register presents Buffer{MemBufAdrj. When accessed, MemBufAdr is incremented and the
Idata register is loaded from the buffer.

8.3.3 Seek Control

The head positioning in the SA4000 is done by a stepping motor driven by pulses from the
controller. The direction of head motion is controlied by a single bit. The drive contains a
"buffered step” option which absorbs these step pulses more rapidly than the motor can
move, and drives the motor at the correct rate; the RDC requires this option. Stepping is
performed by two bits of the DevOp register. When an QUTPUT is done to the DevOp
register with the seek bit (bit 5) equal to one, a single step puise is issued to the drive. The
value of DevOp.06 determines the direction; a one implies an inward step, i.e. toward higher
track numbers. The RDC contains logic to generate step puises of the proper width. The
disk microcode must not issue OUTPUTs with seek = 1 more frequently that every 16
microinstructions, or this logic will be defeated. During a seek sequence, when the
microcode has delivered the last seek pulse, it must clear the seek bit in the DevOp register,
since this bit inhibits sector wakeups, and also forces the Format and Buffer Control
sequencers to be idle independent of the command fields of DevOp. The Direction bit
should not be changed for ~2us after the last seek pulse is sent, or the disk will be
confused.

8.3.4 Disk Commands

The RDC is capabie of executing four basic commands during each record of a sector:
Reac. in which data is transferred frecm the disk tc memory. Write. which is the inverse,
Verify, in which data from memory is compared with the data on the disk, and NoOp, which
does nothing. If an operation in a record fails due to an error or to a non-compare on a
Verify operation, the Abort flip-flop is set, and commands for subsequent records will be
converted to Nops. During the header field, Verify is the only operation provided; the
microprogram must supply data to be checked, and if if operations on subsequent records
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are desired even if the check fails, the InhHdrAbrt bit in DevOp must be set. The label
record is handled similarly. The microprogram must always supply data to be verified, but if
the command is Read, the setting of Abort is inhibited. (Note that the operations on the header and
label records are logically identical, but different mechanisms are provided to obtain the desired effect).

The basic commands are implemented by two automata, the Format Sequencer (section
8.4.3) and the Buffer Control Sequencer (section 8.4.4). The combination of legal commands
for all records is determined by a PROM that examines the IntOp register and maps the
commands into starting addresses for the sequencers if the combination is legal, or into
Nops if the combination of commands is not legal. [Note: there is no way for the microcode to
determine that an illegal command has been supplied to the controller]. The command sequences that
are currently implemented in the RDC are:

Header Label Data
Nop Nop Nop
Verify Nop Nop
Verify Write Nop
Verify Write Write
Verify Read Nop
Verify Read Read
Verify Read Verify
Verify Read Write
Verify Verify Nop
Verify Verity Read
Verify Verify Verify
Verity Verity Write
Write Nop Nop

8.3.5 Wakeups and 10 Attention

Wakeups are initiated by the RDC under two circumstances: A sector wake is generatéd at
the end of the data record (~58 us before the physical sector pulse) if the basic sequencer
operation (section 8.5) is Nop, Read, or Write [Note that Verify Data does not generate a sector
wakeup. Instead, it generates an extra data wakeup, which is logically the same]. When the seek bit in the

DevOp register is set, sector wakeups are inhibited. Sector wakeups originate in the Format
Sequencer. ‘

Data wakeups are generated by the Buffer Control Sequencer. The exact timing for data
. wakeups depends on the record and the operation, and is described in section 8.4.7. Data
wakeup requests are accumulated in a four-bit up-down counter that is constrained to count
between 0 and 17b. When the Buffer Control Sequencer issues a wakeup request, the
counter is incremented; when the DO issues an |0 Strobe. the counter is decremented. The
actual wakeup request is transmitted to the DO if the disk task is not running and if the
wakeup counter is nonzero.

When the disk task is running, 1O Attention is transmitted to the DO if the RateError or Abort
bits are true [Note that Abort does not appear in the status register. The only way that a verification error
can be inferred is to see IOAttn true, then read the status register and check that the other reasons for setting



Abort are not truej.
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8.4 Hardware Organization

The overall organization of the RDC is shown in figure 8.4. The page numbers in the figure
refer to pages in the logic diagrams. The RDC contains a single data buffer of 256 16-bit
words plus a parity bit. The buffer is addressed by two pointer registers, one used by the DO
(MemBufAdr), and one used by the controller (DevBufAdr). During a disk write, data flows
from the DO via the Odata bus into the Odata register, then into the buffer. As the disk
requires data, it is transferred from the buffer to the output holding register, then into the
shift register, where it is serialized and sent to the disk. During a read, data is deserialized
in the shift register, placed in the input holding register, and sent to the buffer as new data
arrives. From the buffer it is sent to the Idata register, then to the DO via the Idata bus.

The DO has highest priority for buffer access. When it needs to read or write the buffer, the
Buffer Control Sequencer clock is witheld for a cycle [note that this implies that if 16 word transfers
are done by the disk microcode, the DO's efective clock rate (including cycles lost for BranchBurp) cannot be
slower than ~125 ns, since the disk transfers a word every 2.2 us, and the Buffer Control Sequencer must be
able to access the buffer once per word).

During a write or verify operation, data from the DO is parity-checked by serial logic
associated with the shift register. During a read, this logic generates the parity bit that will
be sent to the DO.

The RDC writes and checks a 16-bit CRC on the header and label records, and a 32-bit ECC
on the data record. The CRC and the ECC are generated and checked by logic in the
controller. If the ECC fails, the final syndrome can be recovered by the disk microcode so
that a program can correct the data record.

8.4.1 Timing

The derivation of the timing signais in the RDC is shown in figure 8.4.1. The basic clock is
the disk PLOClock, which is read from a timing track uniess the disk is reading, when it is
derived from the recorded data. After level conversion, the clock is gated with the output of
a counter which ensures that when ReadGate « 0, the clock is disabled for four cycles to
avoid any discontinuities.

DevClk occurs once per bit (1.1 us); the disk ByteClk (which occurs every 8 bits) is
generated by a PROM/register automaton. This logic also creates the XferData and
LoadRer s<ignals which ncour once ner word Mhase signals have identizal timing]. and the

Qnefourd sional
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8.4.2 Sequence Address Generation

The operations that will be performed during each of the three records of a sector are
controlled by a two-bit and two three-bit fields of the DevOp register. The disk microcode
must load this register with a command before the physical sector pulse occurs (~58 usec
after the sector wakeup). When SectorMarkSP occurs, the eight bits of the DevOp register
are mapped into six bits, and loaded into the IntOp register. The mapping is performed so
that the commands for each record will be encoded into a single bit. The encoding is:

IntOp Dbit DevOp bit

Hdrwrt +  WriteHeader (DevOp.08)

HdrRd + ReadHeader (DevOp.09)

Lbiwrt +  WriteLabel (DevOp.10)

LbiRd +« ReadlLabel (DevOp.11) OR VerifyLabel (DevOp.12)
Datawrt « WriteData (DevOp.13) OR Verify Data (DevOp.15)
DataRd + ReadData (DevOp.14) OR VerifyData (DevOp.15)

The six bits of the IntOp register and two bits of a counter that indicate the record about to
be processed (SeqCnt.0,1) are mapped by a 256 x 4 PROM (g11) into a four-bit Sequence
Starting Address, SeqAdr.0-3. This address is used to determine the starting address of the
code for the record in the Buffer Control and Format Sequencers.

8.4.3 Format Sequencer

The Format Sequencer is shown in figure 8.4.3. This logic controis the formatting of
data on the disk, and is synchronous with the disk ByteClk. The sequencer is
implemented as a finite state machine controlled by a 256x28 PROM. The PROM
produces the most significant seven bits of the next sequencer address to be
accessed, five bits of data used to load a counter described below, a test bit, and
fifteen control bits. ]

The flow of control in the format sequencer is determined by the BrOnSync bit. The
least significant PROM address bit, ForSegAdr.7 = [(ForCntCry and BrOnSync') or
(SyncFound and BrOnSync) or (FirstSequencelocation)].

The format sequencer counter is loaded whenever ForSeqAdr.7 = 1. This counter
contains five bits, and is loaded from five bits of the sequencer PROM (dForCnt{0:4]).
The counter is incremented by ByteCLK, which also clocks the sequencer output
register.

The starting address of the sequence associated with a particular physical record is
loaded into the address register at the start of the record. This address is
SeqAdr{0:3],,0000, but the PROM location accessed is odd because of the inversion in
the least significant bit of the address.
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The sequencer will access the location corresponding to the first location of the
sequence, and (because this address is odd) the counter will be loaded from the count
field of the PROM.

When the sequencer is executing an instruction from an odd location of the PROM, the
counter will have just been loaded. If the count value # 37b, the next instruction will
be taken from an even location. If the counter was loaded with 37b, the next location
will be taken from an odd location (since the counter will be producing a carry, forcing
ForSeqAdr.7 to one).

When the sequencer is used to time events during a record, the normal situation is that
an odd location (e.g. X) will point to an even/odd instruction pair (Y and Y + 1) and the
count field of X will contain 37b minus the number of ByteClk times that the sequencer
is to execute instruction Y. The Next Address field of instruction Y will point to itself,
so it will be executed repeatedly until the counter = 37b, at which time location Y +1
will be accessed. Location Y +1 will contain a new address and count, and the
sequence will continue.

As mentioned earlier, if the odd location of a pair contains 37b in its count field, it will
go directly to the odd location of the new pair, since the counter will produce a carry
as soon as it is loaded.

When reading from the disk, the start of the sector is not precisely positioned, since
the read clock (ByteClk) must be acquired by a phase-locked loop. The start of each
record is indicated by a unique 'sync pattern’ written before the data, and there is logic
to detect this pattern. When the sequencer is generating SyncTime, this logic is

enabled, and the BrOnSync bit is provided to test the SyncFound signal that it

generates. Once the sync pattern has been acquired, the sequencer is precisely
aligned with the disk data, and can therefore determine when to generate the control
signals associated with the transfer.

8.4.4 Buffer Control Sequencer

" The buffer control sequencer is shown in figufe 8.4.4. This logic controls the transfer
of information between the data buffer and the two device holding registers. This
sequencer is synchronous with the processor. It is implemented as a finite state
machine controlled by a 256x16 PROM The output bits of the sequencer are divided
into three fields as follows:

1) BufSegAdr[0:7): This field selects the next address from the 256 word
PROM. The three most significant bits of this register are loaded from
Squdr[1:3] at the start of every disk record (Header, Label, Data, and

101
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Recovery Gap), providing that SeqAdr.0 = 0. If SegAdr.0 = 1, indicating that
no data transfer will be done during the record, these bits are cleared.
BufSeqAdr{0:3] are not changed during a record. BufSeqAdr{3:6] are loaded
with zero at the start of every record. The least significant address bit,
BufSeqAdr.7, is normally true, but may be made faise by [(XferDataS and
BrXfer) or (Counter=15d and BrCry)]. BrXfer and BrCry are two control bits
that provide a conditional branch capability. XferDataS is a processor-
synchronous version of the XferData signal from the Format Sequencer. It is
set when XferData is asserted (indicating that a transfer between the buffer and
one of the device data registers is required), and cleared when the Buffer
Control Sequencer asserts IncDevBufAdr. XferDataS is also cieared by
Sequence End.

2) Counter Control and Branch Bits. The Buffer Control Sequencer contains a
four-bit counter that may be loaded, incremented, cleared, and tested for carry
under control of five sequencer output bits. The counter and its control bits
are local to the sequencer, and are not used anywhere eise in the RDC.

3) Buffer and Wakeup Control bits. These six bits are the outputs of the
sequencer used to control the data buffer and the wakeup logic. The bits are:

Data Wake: Increments the wakeup request counter.
CirMemBufAdr: Clears the buffer address register used for DO-buffer transfers.

IncDevBufAdr: Increments the buffer address register used for device-buffer transfers.
This register is aiso cleared by the ClrDevOpS bit from the Format Sequencet..

Dev«~Buf: During disk writes, loads the buffer holding register. When the serializer
needs a word, it will be loaded from this holding register under control of the Format
Sequencer/Timing Generator.

WriteBuf: During disk reads, this bit causes the data in the serializer's output holding
register to be written into the buffer.

Rate Error Possible: See section 8.3.2

8.5 Basic Sequencer Operations

The Format and Buffer Control sequencers in the RDC are capable of eleven basic
operations. The Sequence Starting Address PROM (g11) determines which operations will
be executed based on the current record number and on the command in the IntOp register.
Each operation transfers data between the disk and particular buffer locations, causes
wakeups at defined times, and leaves the device buffer pointer at a fixed location when the
operation is completed. In what follows, the number of an operation is the value of
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SeqAdr[0:3]; recall that if SeqAdr.0 = 1, the Buffer Control Sequencer does not participate
in the operation, but instead executes routine 0 (seek). The descriptions assume that the
DevBufAdr register (the buffer pointer) is cleared before a sector starts. The eleven routines
are summarized here. The contents of the buffer control and format sequencer proms are
shown in Appendix D: '

0: Seek: This operation transfers no data and requests no wakeups (sector wakeups will be disabled
as long as this operation is in the DevOp register).

1:  Write Header: This operation writes two words from buffer locations 0 and 1 onto the disk. It
then increments the buffer pointer by 2, leaving it at location 4. No wakeups are generated by this
operation.

2. Read/Verify Header: This operation first transfers two words from buffer locations 0 and 1 to the
output holding register (this is the data to be compared with disk data). The microcode is assumed to
have loaded the buffer before the operation started. It then takes two words from the input holding
register (the data read from the disk), and places them into buffer locations 2 and 3. The operation
leaves the buffer pointer at location 4. When the operation is complete, a wakeup is requested.

3: Write Label: This operation transfers data from buffer locations 4 through 11d to the disk. It then
increments the buffer pointer four more times, leaving it at location 16d. No wakeups are requested by
this operation.

4. Read/Verify Label: This operation first transfers two words from buffer locations 4 and 5 to the
output holding register. At the end of this section, the device shift register will contain the first word to
be verified, and the output holding register will contain the second word. At the next six XferDataS
times, a word will be transferred from the buffer to the output holding register, a word will be
transferred from the input holding register to the same location in the buffer, and the buffer pointer will
be incremented. At the end of this section, the first six label words will be in locations 6 through 11d,
and a wakeup will be requested. At the next two XferDataS times, a word will be transferred into the
buffer, getting the last two label words. Finally, the pointer will be incremented by two, and a wakeup
will be requested. The label read from the disk will be in buffer locations 6-13d, and the buffer pointer
will be at 16d.

5: Write Data: This operation transfers the first data word to the disk from buffer location 16d, then
requests a wakeup. It then transfers sixteen words to the disk with RateErrorPossible = 0. Then,, it
repeats a loop in which it requests a wakeup, then transfers 16 words. During this loop,
RateErrorPossible = 1. All transfers from the buffer to the disk are done in response to the XferDataS
bit from the Format Sequencer/Timing Generator.

6: Read Data: First, this operation increments the buffer pointer (to 17d). It then transfers 17d words
from the disk to the buffer, and requests a wakeup. From this point until the end of the record, it
loops transterring 16d words into the buffer and requesting a wakeup.

7. Verify Data: The sequence of events during this operation is identical to that for Write Data.

10b: Nop Header: This operation does no data transfers and requests no wakeups. Only the Format
Sequencer participates - it is used only to time the duration of the record.

tit: Nop Label: Same a: Ncp =eader {except longer reccrd).

12b. Nop Data: This operation times the iength of the Data Record and generates a sector wakeup at
the end of the field. It has no other function.

17b: Recovery Gap: This is a Format Sequencer operation used to wait for the next physical sector
pulse.
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8.6 Error Correction

The header and label fields of a sector are error-checked using a F9401 CRC generator that
writes a 16-bit CRC following the record. The CRC is not available to the disk
microprogram - the only indication of an error is the RdErr bit of the status register.

Error correction of the data on the SA4000 is done by appending a number of check bits to
the data record. The correction must be done by a program, given a syndrome generated
by logic in the controller. The code used is a binary cyclic code known as a Fire code. A
cyclic code is characterized by its generator polynomial g(x); for the Fire codes, g(x) has the
form:

9(x) = P(x) (x1),

where P(x) is an irreducible polynomial of degree m and order e, and ¢ is not divisible by e.
(x©-1) is referred to as the pattern polynomial, and P(x) is the displacement polynomial. The
length n of the code is LCM(e,c), the number of check bits is (m+c), and the number of
information bits is k= n-m-c. Such a code can correct a burst error of up to m bits.

The particular code used in the RDC has:
gx) = X" + x2 + 1) (x*' + 1)

The order of P(x) is 2047, m=11, and ¢ =21. The number of check bits is therefore 32, and
the length of the code is n=42987 bits. The maximum number of information bits is 42955,
or 2684 words.

The choice of generator polynomial and the associated hardware design are originally due to
R. Bates, and are employed in the Alto Trident disk controller [see Bates, R. "TRIDENT disk for the
ALTO" ,PARC CSL memo, 11 August 1976]. The theoretical background for Fire (and other) codes
is developed in Peterson, W., "Error Correcting Codes"”, MIT Press, 1961. The correction
procedure suggested here is a variation of that suggested by Peterson in section 10.6.

The hardware used to mechanize the code is shown in Figure 8.6a. Figure 8.6b shows the
configuration provided when data is being written on the disk, and .Figure 8.6¢ shows the
configuration during reading. During writing, the data is premultiplied by x32 (to make room
- for the 32 check bits at the end of the record), and divided by g(x). After the data portion of
the record has been written, the shift register holds the remainder from the division of M(x)
by g(x). where M(x) is the polynomial representation of the data record. At this time. the
feecocack patns are aisabied and the remainder (the check biis) is written on the disk.

During reading, the shift register is reconfigured as shown in Figure 8.6¢c, and two
independent divisions by P(x) and (x°-1) are performed. When the data record has been
processed, the shift registers are reconfigured with the feedback paths disabled, and the
resulting syndrome is shifted into the data shift register, then sent to the RDC’s data buffer.
The syndrome is placed in words 23b (syndrome bits 0-15), and 24b (bits 16-31), where they
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can be accessed by the microdcode if an error occurs.

If no error occurs during reading, both the pattern register and the displacement register wil
contain zero. If a correctable error occurs, both these registers will be nonzero. The
correction procedure must be done by a program using the syndrome recovered from the
hardware. For clarity in what follows, it will be described as if it were done in the
displacement and pattern registers.

The first part of the correction procedure isolates the burst pattern. The contents of the
pattern register are cycled until the least significant ten bits are zero. |If this does not occur
within one complete cycle (21 shifts), an uncorrectable error has occured. Let the number
of shifts required to isolate the error pattern be So. The error pattern (which will eventually
be xored with the data record is now in the most significant eleven bits of the pattern
register.

To find the position of the error burst, the displacement register is clocked with the input
equal to zero until its contents are equal to the most significant eleven bits of the pattern
register. This will occur within 2047 shifts; let the number of shifts required to satisfy the
condition be 81. [Note: The impiementation chosen premuitiplies the displacement polynomial by x11, which
is equivalent to providing eleven shifts of the pattern register in advance. When S1 is determined, it must be
corrected by doing 81 - (S1 + 11) mod 2047]

The location ¢ of the error burst relative to the beginning of the record is now determined
[note that the "beginning” of the record is the beginning of the longest message the code is capable of
correcting, 42987 bits. We are using a shortened form of the code, with zeros at the beginning of the
messages. This does not change anything]l. We know that:

SoadmOdC (c = 21), and
S, = d mod e (e = 2047).

Since ¢ and e are relatively prime, they can be used as the moduli m, of a modular number

system, and the Chinese Remainder Theorem [see Knuth, D., "The Art of Computer Programming”, vol.
2, p24g] guarantees that d is unique. To calculate d, we use:

d = [ Sy (A;"M/mg) + S, (A,"M/m,) ] mod M,

Ao and A, are constants such that A, *M/m, = 1 mod m, and M is mg*m,. R. Bates has
- supplied these constants; they are Ag = 19, A, = 195, so:

d = [ S, (1972047) + S, (195721) ] mod 42987
d is the displacement from the beginning of the record. To determine the location relative to

the end of the record, use 42987 - d. Once the displacement is determined in this way, the
burst pattern determined eariier is XORed with the appropriate bits of the record.
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Time of Day Clock



;This is the program for the Time Of Day Clock in the MSI - DO.
;It Runs on a TI TMS1000C microprocessor.

;The programs outer loop runs once per second.

;Each time through the loop, it generates a one instruction time

; long pulse on OneSecondPulseR (for testing).

; It increments a 32 bit counter TimeOfDay once per outer loop time.

;The microprocessor has one of its K inputs tied to the 5 volt supply of the
; DO. If the power to the DO is on (PowerOnK), the program increments

; PowerOnTime in the same manner as Time Of Day (32 bit count of the

; number of seconds).

;The program compares the TimeOfDay to another variable, AlarmClockTime

; If TimeOfDay = AlarmClockTime, the program will

; sat the TurnProcessorOn R output (which will generate a 1 second pulse).
;It will also set the AlarmClocklLatch R output, which will stay on until

; explicitly cleared.

;:The current TimeOfDay is broadcast bit serially on the OutputData R output of
; the TMS1000. The data is broadcast once a second and consists of one start
bit (a 1), 56 data bits (of which only the last 32 are significant), and

943 stop bits (0s).

A bit time is one millisecond. Since the message is 1000 bits long,

at one ms per bit, this is one sacond per transmission.

The time is broadcast msb first.

;During the time the program is broadcasting Time of Day, it also
accumulates a message, bit serially, on the Input Data K input.

The input data is sampied at the end of a bit time (ie the program sets
the R output, waits 1 millisecond, then samples the input data).

The input message is 56 bits and consists of a 16 bit password,

an 8 bit command field and a 32 bit Data field. After all 56 bits are
accumulated, the program checks the password field.

If it contains A1F5 (hex) [Sesame], the message is considered valid

and the command field is acted upon.

An invalid message is ignored, and the program reverts to sending Time of Day,
no matter what it had previously been directed to transmit.

No messsages are gathered or sent unless the DO has power.

The command field of a message is interpreted as follows

; Bit 0 TimeOfDay « Data

; Bit 1 PowerOnHours « Data

; Bit 2 AlarmClockT ime « Data

; Bit 3 Fudge « Data (low 16 bits) See below for explanation of Fudge -
; Bit 4 Clear AlarmClockLatch

; Bit 5 Transmit PowerOnTime instead of TimeOfDay

; Bit 6 Transmit AlarmClockTime instead of TimeOfDay

; Bit 7 Clear PowerOnLatch (obsolete function)

;Bit 5 and § of the command field alter the data that is broadcast. They are
used to read out PowerOnTime and AlarmClockTime. Note that bits 0:15

of the 56 bit output message are the value of Fudge when bit § of

the command field is set (ie you get both fudge in 8:23 and PowerOnTime

in 24:55).

The effect of bits 5 and 6 is continued until reset by another command
‘(with 0s in 5§ and 6)

The program is written so that all branches result in exactly equal number
. of instruction executed. The time base is thus the TMS1000's clock,

: which is crystal controlled at 1 MHz. Because the crystal mav not have

. enough calibration accuracy. the program maintains a variable (Fudge)

: which is used to adjust the time base. Fudge is counted down to 0

; at the end of the main loop. The nominal vaiue ¢f fuage (a 18 bit numpber)
; is 8000 (hex). By changing the value of Fudge, the DO can adjust the

; time base of the microprocessor. Fudge's accuracy is 2 instructions

; (1e setting Fudge to 13 will cause 26 more instructions to execute).

; The TMS1000C takes 5 cycles per instruction, so each Fudge count

; at 1 Mhz is 12 usec.

;To safeguard against invalid data due to loss of power or other causes,
the program checks a 16 bit variable MasterLock against a constant



(A1F5, the same Sesame as the input password). If MasterLock is not Sesame,
The program will zero out TimeOfDay. MasterLock is set to Sesame upon
receipt of a valid command. The intention is that when the microprocessor
has a hiccup or power failure, the registers will be scrambled. The program
detects this and causes time to be frozen at 00001 until a valid

command is received

.t s s ws we we

;:The algorithm, in pseudo code is:

;forever do

; begin

; TimeOfDay « TimeOfDay + 1

; R.TurnProcessorOn « if AlarmClockTime = TimeOfDay then 1 else 0
: if K.PowerOn then

H begin

: PowerOnTime « PowerOnTime + 1

H R.OutputQutputData « 0 !Start Bit

; BitDelay()

; for NibNum = 13 to 0 by -1 do

H begin

; OutputNibble « case ReadOut of

; case 2: PowerOnTime[NibNum]

; case 4: AlarmClockTime[ NibNum]

; default: TimeOfDay[NibNum]

; for BitNum = 3 to 0 by -1 do

H begin

; R.OutputData + OutputNibble AND 8 !send msb

H OutputNibble « OQutputNibble 1shift 1

; BitDelay()

H InputNibble « (InputNibble 1shift 1) + K.InputData
H end !BitLoop

; Input[NibNum] « InputNibble

H end !NibLoop

; R.OutputData « 1 !1Stop Bits

H if Input.Password = Sesame then

H begin

H if Input.Command AND 128 then TimeOfDay « Input.Data

H if Input.Command AND 064 then PowerOnTime « Input.Data
H if Input.Command AND 032 then Fudge « Input.Data & 177777b
H ReadOut « Input.Command & 17b

; MasterLock « Sesame

H end !ValidMessage

H if MasterLock # Sesame then TimeOfDay « 0

H end !Power On

H Delay(XXX) 'Round out time to an even second

; Delay(Fudge)

; end

;last modified May 15, 1979 2:53 PM by CPT

;This program is assembled using a variant version of BCA (available from CT)

;The output file from BCA ("tod.mb") is then run through FIXTODMB.RUN, which produces
;"todprom.mb"” and "todprom.list". Todprom.mb is then put into a 2708 EPROM.



APPENDIX B
MC1 and MC2 Microcode

(These are descriptions of MC1 revision E, MC2 revision D)



MC1:

MC1Next.

Current
Next

IOFETCH4

10F 1 Operation: |0 FETCH 4
JOF

tault

q

(1) It there is a request pending, MC1 will go

F

0

directly to the first instruction of the next sequence

MC1Next.

MC1Next.

(2) MC2 may still be transferring data when another MC2

MC1Nex

operation starts.

MC 1Next.

alwlnl

M g £ 1

MC1Next.

preMC1 Next.6

(3) 1t MC1 is waiting to start MC2, MC2 will go directly

preMC1iNext.7

to the first instruction of the new sequence.

MC1TestH4Par

MC1TestFaul

(4) 1t a fault occurs, control goes to location f (TWO) which

MC1TestQW

wiolo
-

waits 5 cycles to ensure that the processor takes the fault.

MC1iSetFauit

PreicadMC1

MC1StartMC2

MC1ClkOutput

slolalo o

lwoleol sl

IMux+~Cdat

H4«={Mux

14

MapRAS

5*

MapCAS

6

MapWr ite

7

MC1Ret

MC1Store

PreRowAd

StorRAS

StorCAS

MC1iWriteMem

winohole

(S

MC1Pipe.

MC1Pipe.2

MC1Pipe.S

LoadPipe

RePipe

olalwlv]l-

LoadH3!

37

MC1NeedsF

R
MC1WriteR

39

Re-fi3]

19°

GenPhase0

IVall

MC1SXport

MC1LoadD

MCIloadW

31

Current

[
lad

Prom Bit Number
(* indicates low
true in prom)

IOFETCH4

IOFX2
FX4
OFX6

IQF0  IOF1 IOF2

(3)

10F3
(3)

no fauit

=0 Syn#0 fault

r S

Next

R

MC2Next:

rer
ext.

Next.3

Next.4

2Next.5

Next.

Word address to storage cards

preMC2Next.7

MC2TestSE

MC2TestDE

generates OFault

MC:

HoldIfSNEQ

if adouble bit erroris present

MC2SetFault

MC2StariXpert

MC2Hold

ChkPhaseQ

LoadSyndrome

i3

MC2NeedsR

18°

MC:

MC2WriteCdat

NeedsRI{SNEO

19

17

MC

reLoadOdata 141

ainis}

Ll

ransport ———|

from storage

cards

‘ deve~ ‘
cata

first Cdat word ready 9/24/78

memop01.sil



MC1:  curremt [T
Next TTU

MC3

RPO

RP1

ll_ﬁ_ﬁ

R ac

RP2
r—
[1]

tlu

TIU

cess conflicts

MC

MCI

N

LN
MCIX
.

N

MC

MC1Next.5

olalohol-

preMC 1Next.

preMC iNext./

MC1TestH4Par

MCiTestFauit

MCiTestOWO

MC1iSetFauit

PreloadMC1

kY I

MC1StartMC2

MC1ClkOutput

¢
[y

IMux~Cdat

Ha«iMux

afa
134}

MapRAS

MapCAS

MapWrite

ni~joln

MC1Ret

MC1Store

PreRowAd

StofRAS

StorCAS

[N 00

MC1WriteMem

MC1Pipe.

MC1Pipe..

- MC3Pipe.S

ol

LoadPipe

RePipe

te] Y £X3 XY
L]
-
-
-

LoadH3!

37

MC1NeedsR

MCI1WriteR

ReH3!

19°

GenPhased

IValid

MC1SXoort

MCTLoad0

Y {RY (XY P Y

0

MC1LoadW

1

Prom Bit Number
(* Indicates low
true in prom)

Operation: READPIPE

9/24/78
memop02.sil



MC1: Current
Next

MC1Ne

r4
3¢

Operation: REFRESH

MC1Ne:

% 1%

MC1Ne:

MC1Next.S

%

MC1Next.4

slolnvf=jo

MC1iNext.5

preMC1Next.6

preMC1iNext.7

MC1TestH4Pa

-

MC1TestFaul

MC1TestQWO

MC1SetFauit

PreioadMC1

MCiStartMC2

ol
4

MC1ClkOutput

IMuxeCdat

]
Hjw

H4«{Mux

MapRAS

MagCAS

MapWrite

NN

MC1iRef

ol

MC1Store

o] u] o] o] o] »

PreRowAd

StorRAS

StorCAS

MC1WriteMem

N0

MC1Pipe.

P
MC1Pipe

MC7Pipe.:

LoadPipe

RePipe

C
£
7
4
0*

‘.oadH3!

37

MC1NeedsR

MC1WriteR

39

ReH3I

19°

GenPhaseO

12

Valid E

MC1SXport

MC1LoadD

MC1iLoadW

L

— {=|ojojm

Prom Bit Number
(* indicates low
true in prom)

Main Column address on StorA0-6

5/4/78

memop03.sil



MC1:

MC1Next.0

(o]

Current
Next

o
N
-

Operation: Ptetch 1,2,4

MC1Next. 1

%

MCiNext.2

MCiNext.3

Z|
%

MC1Next.4

{ol

Y

MC1iNext.5

preMCiNext.8

preMC1Next.7

MC1TestHd4Par

MC1TestFaulit

MC1TestQW:

MC1SetFauit
PreioadMC1

MC1StartMC2

MC1ClkOutput

rRY %Y I
.

IMux=Cdat

H4«={Mux

MagRAS

MapCAS

MapWrite

MC1Ret

MC1Store

~)
ol o] o] of o} @

PreRowAd

StorRAS

shrolw ool

StorCAS

MC3iWriteMem

MC1Pipe. 1

MC1Pipe.2

MC1Pipe.3

LoadPipe

Note 1: MC2WriteCdat has two functions. Here, it is selecting

Re-?lie

LoadH3!

H3C or H3U as the source of R bus data.
During OUTPUT, OVaiid is generated in the cycie following

MC1 R

MC1WriteR

(MC2Next.4 and MC2WriteCdat). For this reason, MC2Next.4 must

R3]

be zero when MC2WriteCdat Is asserted to avoid generating OVaiid.

GenPhaseO

IVaiig

MC1SXport

MC1iloadD

o]

MCiloadW

Ry (RY (N5 Y Y

MC2:

Current

MC2Next.

1

|
Prom 8it Number
(* indicates low
true in prom)

.
PFETCH1,2,4 PF

PEX2
PEX4
PFX6

PE3

ﬂ'._nsa

tauit

PF’ZA

PFO  PF3
P

#0 no fault

®j0fS
~

Next

[2)

)

(F = FAULTWAIT)

Q

MC2Next. 1

r4

MC2Next.2

MC2Next.3

A\
()
2

3|

— (note 1)

MC;_E lext. 4
MC2Next.S

Y IS (%Y (XY S

MC2Next.

preMC2Next.7

MCgTest§E

8

MC2TestDE

9

MC2HoldIfSNED

10

MC2SetFauit

11

MC2StartXport

15

MC2Hold

16°

ChkPhaseQ

12

LoagSyndrome

13

MC2NeedsR

18°

MC2NeedsRItSNEQ 1

MCZWritsCdat

17

] ale sjs| | = (note 1)

MC2

preloadOdata 141
Aecllnlx

Transport from

Storage Cards

]l MC2AG is reloaded by MC2HoldItSNEO

(MC2Ad is on the ALU card) 9/24/78

memop04-05-086.sil



Next

Current

0

MC2 R contlict

0]
O

0~

.0
MC1Next. 1

D
-
~
4

MC1Next.4
MC 1Next.S

preMCiNext.6

preMCiNext.7

MC1TestH4Par

MC1TestFauit

MC1TestQWO

MC1SetFault

PreioadMC1

MC1iStartMC2

MC1ClkOutput

IMux~Cdat

H4«iMux

MapRAS

MapCAS

MapWrite

MC1Ref

MCiStore

PreRowAd

StorRA

StorCA

MC1WriteMem

pe.

P
MC1Pipe.2

1Pipe.:

k9
0
v

LoadPipe

RePipe

LoadH3!

MC1NeedsR

MC1WwriteR

Re-H3I

GenPhase0

IValid

MC1SXport

MCilLoadD

30

MC1iLoadW

31

Prom Bit Number J

(* indicates low
truein prom)

- H4 |oaded

L Goes to location 2 it
H4 Parity Error (see |0 Store 4)

Operation: INPUT

— Used here to clock H4ParityError flip-flop

Note: Pipe gets Type/task only. other
words are garbage

9/24/78
memop07.sil



2310 Operation: PSTORE 1,2 4
pS1 PS11 PA
[LL By

abort fauit
MC1:  cyrrent A F 2 1

Next A F 0 Q F
9

)

15
HE
X 1%
:
:
.

z
o
.‘

®
%
&
e
(o]
O
(o]
O
=
=
=
=
o
=
b |
=
=Y
=y
e~y
&~y
O
O
O
O
(o]

z
z

preMCiNext.6 6
preMCiNext.7 7

Mg‘l'l‘osgﬂtwar -
MC1TestFauit < 0
MC1TestQWO 3

%

MC1SetFauit k
PreloadMC1
MC1StantMC2

MC1 ElkOgtgut 34 »

IMuxe~Cdat 13 slejais
H4~iMux 14 ajajais

sl=lo o)
a

MapRAS 1S |u{niuinin .
MZESAS 18°* sis{es|s{ni{ni|ni{as|njais|njein|n|a 1K)
MapWrite 17!
MC1Ret 2

MC1Store 26° [

PreRowAd
StorRAS
StorCAS

MC1WriteMem k

N0
-
n
-
[
-
-
-
[
-
[
-
[J
»

MC1Pipe.1 p
MC1Pipe.2
MC1Pipe.J
LoadPioe

RePipe -

alulvl-=
-
LILILIL
sjajule

N

LoagH3t
MC1NeegsR
MC1WriteR
ReH3I1

S

GenPhaseO
Valid
MCiSxport
MC1loadD
MClloadWw

aanan - Cannot cause H4 ParityError, since
L)

AR EninputParChk is faise during PSTORE1,2

slololl-

- 10
-

l l H4e=R/ l
Prom Bit Number P Cdat

(* indicates low PS4 PS1
true in prom) | PS6 PSQ f
mcCa2: P Fetch error
Current _IE Py
Next E [o] F

MC2Next.
M Next. 1
MC2Next. 2
M
M

C2Next. 3
2Next. 4

nlalobol

MC2Next.S
MC2Next. ol1i0l1
preMC2Next.7 7

MC2TestSE g - Single errors on the read are not checked or
MC2TestDE S 0 ; : ; . .
MG2HcIdITSNED 10 logged. since the data wiil be overwritten immediately.

MC2SetFauit 11| ]

2MC2StariXoort -]

MC2Hoid 16°* aonoooonnn als

ChkPhaseQ 12° »
LoadSvndrome 13 [

:%5—:::322,,3,‘50’8;9 s 21— MC2 does R access. Write is inhibitad on the ALU card
< -

MC2WriteCdat 17
MC2preLoadOdata 141

L

first Cdat word reacy

9/24/78
Memop08-09.sil



Next

Current

o]

pS43

PS411

F

Fggz PS410
U]

Fault
1

uit

F

u
V]

— FAULTWAIT

z
(9]
|
Z
®
%

C
”
<
4

prcM§1 Next.7

=4

MC1TestH4P

MC1TestFauit

MC1TestQWO

MC1iSetFault

PreloadMC1

MCiStartMC2
MC1 %lkautput

lwle

IMux+~Cdat

H4«=iMux

MapRAS

MapCAS

MapWrite

MCiRef

MC1Store

PreRowAd

StorRAS

StorCAS

MCiWriteMem

MC1Pipe.1

MC1Pipe.2

MC1Pipe.3

LoadPipe

RePipe

gH3!

”-
MCINeedsR

MC1WriteR

ReH3!

GenPhaseO

Ivalid

MC1SXport

MC1iLoadD

MClLoadWw

Prom Bit Number

(* indicates low
true in prom)

|ReadR|

Operation: PSTORE 4

9/24/78

memop 10.sil



Operation: Output

MC1:  current

Next
MC1Next,0 2

]
=]

MC1TegtHdP3r 8
MC1 u
MCTTesiqWd

MC1SetF. h
Prel 1
MC1
MC1

IMux=Cdat
HéwiMux

MapRA

MagCA

MapWrite
1R

MC1Ret 2
ucﬁ re

PreRow.

StorRA p

Sto,
MCi1wW

MC1Pipe.1

NG 1Eigas

LoagEins~
—Re._

sl

"

s sl

-
i

of af of of 0} @

Re${

BRI

LoadH3!|
MC

MC
ReH

[

|-
kO
L

GenPhaseQ
IVaii

MC1 n
MO

Prom 8it Number J
(* indicates low QUTPUT

true in prom) %LTX
MC2:
Current [¢]
Next [o]
MC2Next.0 (¢}
MC2Next.1
MC2Next.2
MC2Next.3
MC2Next.4
MC2Next.5
MC2Next.

preMC2Next.7 7
MC2TestSE 8

2!

kojooin

6

2
b

sl

1 Note: MC2Next.4 and MC2WriteCDat => OValid in the Next cycle

MC2TestDE S

MC2HoId!tSNEQ 10

MC2SetFault 11

MC2StastXoort 15 :
MC2Holg 16 aoono
ChkPhageQ 12= 1
LoadSyncrome 13

MC2NeedsR ___18=1 _ :
MC2NeedsRIfSNEQ 1
MC2WriteCdat___17 .
MC2preLoadOdata 14

QValid = 1 9/24/78
Memop11.sii



Operation: 0 FETCH 16 'nga

tault
MC1:  current 19] al ]
Next o 0 =~ FAULTWAIT
MC1Next. o]
MC1Next.
MC1iNext.2 2
MC1iNext.3 k
MC1Next.4 4
MC1Next.5
preMC1Next.6 6
preMC1Next.7 7
MCiTestH4Par
MC1TestFauit [ [
MC1TestQWO 6
MC1SetFault 1 »
PreioadMC1 1¢ 0
MC1iStartMC2 33 s
MC1ClkOutput 34 [ [ ] ()
IMuxeCdat 13
H4«<{Mux 14
MapRAS 15* |u|a|{n{nju|n
MaeCA§ 6" sin|njninje{sjainjajein|n|nju|n|n 10
MapWrite 7t
MC1Ret 5* [
MC1Store 6*
PreRowAd 35°¢ [] [ [ []
StorRAS 7 oo oooooooonoonop alm
StorCAS 8 uin nin a0 10
MC1WriteMem 32
MC1Pipe.1 aiuin sls
MC1Pipe.2 2 [ 0 [0
MC1Pipe.3 3 [ s [
LoadPipe 4 |[slnjsinjujn 1]
RePipe 20~
LoadH3i 37
MC1iNeedsR
MC1WriteR
ReH3! 19°*
GenPhase0 12
IValid 18
MC1SXport 28
MCiloa 30
MC1LoadW 31
[
:’rom Bit Number FAULTWAIT
* indicates low
Double errors " .
MC2: truein prom) F'"raLO ;l;ra;o notault  tault
Current ) EWM ElX IGlY e 1 q R r S s
Next 2] ElW FiX GlY| IR W X Y B S 8
MC2Next. 0
MC2Next.
MC2Next.Z .
MC2Next.S K
MC2Next.4 4
MC2Next.5 5 elefil1leie{1]1leleiililelefql4
MC2Next.6 6 CIRICIRICIRICIEICIRRCIRECIRNGIE]
preMC2Next.7 7
MC2TestSE 8
MC2TestDE 9 . [ ] r
MC2HcoIdIfSNEO 10 »
MCZS5¢etrauit 1T | |y T . u | i r
TTAQtartXrnort 15 n | ! ‘ ' ! T I l : —! !
\.Z~t: 1€ ajsisje|sinein|RisS|iN|B|UjE|8 )N [0 [] [ [ aln
ChkPhaseO 12° » . " »
LoadSyndrome 13 [] [ [ [
MC2NeedsR 18°
MC2NeedsRIfSNEO 14
MC2WriteCdat 17
MC2preLoadOdata 141 aooooonoonoooono [ [ 0] [ .

| 9/24/78
imemop12.sil

tirst Cdat word ready



MC1:

MC1Next.0

Current

Next

o]

Oper%ti?m 10 STORE 4

H4 Parity error Fault

3 =L

=9

. =]

FAULTWAIT

MCiNex

0y

MC1Next.2
MC1iNext.3
MC1Next.4

alwln!

MCiNext.5

preMCi1Next.€
pnM§1N§-§.

MC1TestH4Par
MC1TestFauit

MC1TestQWO

MC1SetFauit
PrejioadMC1

MC1iStartMC2
MC1ClkOutput

IMux~Cd

Hae=iMux

at

MagRAS

MapCAS

MapWrite

MC1Ret

MC1Store

PreRowAd

StofRAS

StorCAS

wininlololn

jpojoot~
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‘ L On a parity error, an extra cycle is

taken, and control goes to location 2

—= Load H3! to clock H3!Parity flip-flop
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The operation proceeds in three phases:

1) Load the pipe from the map entry for the selected VA.

2) Read one word trom R into H4, and write it into the map.

3) Dump the pipe into the next 3 R registers. Only the entries
which contain map data are dumped.

9/24/78

memop14.sil



Operation: 0Store16

Current
Next F

z
o
=
)|

HE

ol alwlnl

MC1Next.5

<
preMCiNext.¢
preMGC INext.

MC1TestH4Pa g
MC1TestFauit S a
MC1 TestQW. 3

=4

MC1Setfault 1
PreioadMC1
MC1iStartMC2 k
MC1ClkOutput k

plol-lo 3
-

IMux~Cdat 13
H4e={Mux 1

>
-
-
-
-
-
-
L]
-
-
a
-
a
-
L ]
-
-

MapRAS

MapCAS
MapWrite

MC1Ret

MCiStore
PreRowAd
StorRAS
StorCAS
MC1WriteMem

of u] of af o} o
-

ijoiwiojolnl~w]ojn
-
-
-

o bvloloin

MC1Pipe.
MC1Pipe.2 2
MC1Pipe.3

LoadPipe
RePipe

Y

rey Y [X3 (X7 IS
-
-
a
-
L]

| >

LoadH3|
MCIN
MC1WriteR
ReH31

wlwle

GenPhaseO
Valig
MCiSXporn
MCiloadD
MC3iLoadW

-‘O'Dloos lojojml~
-
-
-
L ]

by 1Y 1Y
-
-
a

misjaje
-
-
-
-
-
-

mjajuin
a
L]
-
-

9/24/78
memop 15.sil




APPENDIX C

Standard 170 Interface




Shift Input
Address Register Address Compare
EEshin a] S17° 12 Cagaro: 15| 1o 585
bo S —Cagaro o ov|e
’ 4 4 .
Saddr0 3 D1 Q1 g%g-g:ﬂ =] X1 X =Y 8 __lCompare
Q1 rre Y1 h
addr.1’ 12 addr.2’ 2
- b2 a2 o-Eieets X2 xarld
”y 0 e
Caddr.2 13 03 a3 ‘: Cagd:. 9 x3 g18
b19Q3’ . — Y3
CK CL’] > = <
9| 1 41312
—57-SRClock | SROut. =3 Hi _’
Hi S04 GND
(May use sny inverting element) —
laddr.0 2 919 18 lagdr.0’
rTea}-addr.t a &_\. 16 laddr. 1’ ICompare 4
Y 1Valid 5
E laddr.2 6 919 14 laddr.2’
OCmor 12 ]
o7 ladar3 8| 1oyt lagdr.3’ Ovalid 134
¢ s240
1
laddr.4 17 " laddr.4 . 25509
- OCompars 3 20} 2 OCompare 4 $175 2__OCmpr
mr’ 4 80 QO| D0 QO
8lo1 9V |7 s| Qo Qaddr.5’
168 laddr. 15 " lagdr.5’ £ B1 Q1 D1 Q1 -
- K Q190 _oagdr.6’
P 02 Q2 10 12 02 Q2 addr.
282 Qz'te ]
13103 15 13105 a3 P15 Qaddr.7'
. 2183 Q3 14
g16 Q3'}e
LsB_ck CK CL
11 9 9! 1 l Hi
Advancefipe’ 2 419 18 AdvPipe
5240 EdgeCik1’|
ra7MC2StartXport 13 ;337 12 .
S241 a19d

EdgeClkFeedi 13

s00
E 1vValid'’ 4 419 18 {Valicd
S240
E Qvaliad’ [S] a19 14 QValid
S240
(Fa-QFaut 11 m 1OF auit’
S241
5240 5240 3240 5240 5241 5241 .
a1si 419j g19i 919j c1si 19j gNp 31 419302 al
=N’ N’ EN’ EN’ EN’ EN $240
1 19 1 19 1 P
GND Hi
I XERQX | Project File Designer ‘M‘Dﬂo I
enn ~e 1IN INNTERDEAMNE AAdAdrace NAIANY eil NODQr~$S e lng/4anr/s=-o -



Output
’ (55 |-Qdatad! Data Register
Gz QOdat e S374
(92 ] QOdata.02 Do o f:u “9-
4 OutD.0
(57 —2data.0 o1 Q1 2ui0.0]
=== D2 Q2 :
L OutD.03
-m Qda I hE gg gi ] u ey
Odata.04 14 41 s
17106 ael OutD.06
Pdata.g 12 19 QutD.07
D7h19 Q7
‘ CK_0C’
11 1
(82 ] Odata.07
EdgeClk1’
GND
Odata.08
Output
Data Register
-m Odata.10 3 Dossuoc OutD.08
Odgata.11 l 2101 Q1 :: oa
(€1 ]—Qeata. 3 D2 Q2 OutD. ¢
D3 Q3 QutD. 1
S VUtD .1 2
-l-f. Odata.12 I v gg Qi Juip.1s
-_m D6 6= QutD. 14
Odata.13 I 18 6p—s 2.
' 07419 97
4 CK OC’
11 1
Odata.15 |
EdgeClk1’
GND

(75 -Qdata16 1252 QutD.16

S241

E RUN 15 c19 5 IRun
S241

d18ap=> EdgeClk 1’
S00
—5 EdgeClockFeed"
- RamClockFeed’
XEROX VProjecr File Designer lRevr Date ‘ Page
EOD DO IO INTERFACE OData/Clocks DO1002.sil DPPStaff B|05/10/781 2




St
1V\
2 at7a 2 1: a
S2 $32 —a
=—a
a
4
6 N
5 [317% b
S3 $32 b
8
Transmit 9 Transmit 4
3 Phase’ 512 S84
3 40 |317¢ PhaseiNext!’ S |< alé
$32 MyTask’ 10 -
1 a1990-2 9l
S240 S
8
d18¢
12 s00
2 Phase1Next' 15 | q1or0-2 Phase 1Next
WakefRequest 3 12
S240 Wake Enable 2 0163811
255809
LhaseiNexti 3150 2 Phaset’ dTx’
AM7603 Q12 =80 ©
Qo777 = D1 7__G1
GND 0 Q1§ NPT N a1
Cagaro 11149 Q2 =102 l10_g2
Caddr.1’ 2 A2 Q3 G393 ; B2 Q2 5775
Caddr.2’ 13 Q4 - =103 115 _G3 4 Qo |-2—Transmit’
Caddr.3’ 14 83 b17°3 Do Qo' 3____Transmit
OMe’ S OMeF’
B CX 101 Q1 r MeF
Q 28
19 IMe* 12102 Q2 MeF’
Phase 1Next Qz2' MeF
EdgeClk 1’ 1303 Q3 [a'°
g1703fe4
CK CL]
9f 1
EdgeCik1’ |
Hi
G- CTask.0 Z\C/%Ffw ICTask.0 _ 1\ s s
Cagaro 2 |F'83 41 6 MvTask’ 11 9 MyTask 12
S86 2]c17a 419 —
1 S20 S240
T3a—CTlask.1 4[}16 ICTask.1__ 4\ 2
{/19' Caddr.1’ 5) 18b NeedAttn I
S86
55— CTask.2 e[\ 14 icTask2 o\
Caddr.2’ 10)
===y CTask.3 3@12 ICTask.3 12\\ .
! S241  caggr3t 13 P18
L/ sa86
XEROQ X | Project | File Designer Inov Date IPogo 1
enn LX) ININTERQREANE Walalln /ATasl NAIAA2 il NODQs~ss o lAa/aans/vo ~




APPENDIX D

RDC Buffer Control and Format Sequencers



The following code is for the Buffer Control Sequencér. The 1's and
0's are the address and data bits (x = don't care). The sequences
have been given as programs to the right of the bits.

Data Bits Are:

0-3: BufNxtAdr(3:6]
4-7: d8rC.2, dInC, dCIC', dLdC’
8-11: d8rC, dBrX, dDtW, dC1rMemBufAdr’

12-15: dIncDevBufAdr, dDev«~Buf, dWrtBuf, dREP

Address: Data:

B L T R L L L L L T T T L b R T L T

000 0000 x = 0000 0011 0001 0000 NoDataTransfer: goto(.];

P L L X T L b T T R e i )

001 0000 x = 0001 0011 0001 0000 WriteHeader: goto(.+1];
001 0001 1 = 0010 1010 0001 0000 Cnt « 1110, goto(.+1];

001 0010 1 = 0010 0011 0101 0000 wWaitLoop: goto(.+1,., XferDataS];
001 0010 0 = 0011 0111 1001 1100 Dev « Buf, IncBufAdr, IncCtr,
goto[CntDone,CntwWait,CntCry];

001 0011 1 = 0010 0011 0001 0000 CntWait: goto[WaitlLoop];
001 0011 0 = 0100 0011 0001 1000 CntDone: goto[.+1], IncBufAdr;

001 0100 1 = 0101 0011 0001 1000 goto[.+1], IncBufAdr;
001 0101 1 = 0101 0011 0001 0000 goto(.1;

---------- R e

010 0000 x = 0001 0011 0001 0000 Read/VerifyHeader: goto[.+1];
010 0001 1 = 0010 1010 0001 0000  Cat = 1110, goto[.+1]:

;2-word loop transfers data to device holding register

010 0010 1 = 0010 0011 0101 0000 WaitLoop: goto[.+1,., XferDataS];
010 0010 0 = 0011 0111 1001 1100 IncCtr, IncBufAdr, Dev « Buf,
goto{CntDone,CntWait,CntCry];

010 0011 1 = 0010 0011 0001 0000 Cntwait: goto[WaitLoop]:
010 0011 0 = 0100 1010 0001 0000 CntDone: goto{.+1], Cat « 1110;

;2-word loop transfers data from device holding register to buffer
010 0100 1 = 0100 0011 0101 0000 WaitLoopA: goto[.+1,., XferDataS];
010 0100 0 = 0101 0111 1001 1010 IncCtr, IncBufAdr, WrtBuf,
goto(CntDoneA,CntWaitA,CntCry];

010 0101 1 = 0100 0011 0001 0000 CntwWaitA:goto(WaitLoopA];
010 0101 0 = 0110 0011 0001 0000 CntDoneA: goto[.+1];

;Wait for one more XferDataS, and generate a wakeup

010 0110 1 = 0110 0011 0101 0000 goto{.+1,.,XferDataS];
010 0110 0 = 0111 0011 0001 0000 goto(.+1];

010 0111 1 = 1000 0011 0011 0000 DatawWake. goto(.+1];

010 1000 1 = 1000 0011 0001 0000 goto(.]:



Data Bits Are:

011 0000 x =
011 0001 1 =

;4-word loop
buffer

011 0010 1
011 0010 0
CntCry];

011 0011 1
011 0011 0

;4-word loop
buffer

011 0100 1 =
011 0100 0 =
CntCry]:

011 0101 1
011 0101 0

LU}

3: BufNxtAdr{3:6]

7: dBrC.2, dInC, dCI1C', dLdC'

11: dBrC, dBrX, dDtw, dClrMemBufAdr'

2-15: dIncDevBufAdr, dDeve~Buf, dWrtBuf, dREP

D L L LR e R e L

0001 0011 0001 0000 WriteLabel: goto[.+1];
0010 0010 0001 0000  Cnt « 1100, goto[.+1];

to transfer the first four label words to the device holding register from the

= 0010 0011 0101 0000 WaitLoop: goto[.+1,.,XferDataS];

0011 0111 1001 1100 IncCtr, IncBufAdr, Dev « Buf, goto[CntDone, CntWait,
0010 0011 0001 0000 CntWait: goto[WaitLoop];

0100 0010 0001 0000 CntDone: Cnt « 1100, goto[.+1];

to transfer the second four label words to the device holding register from the
0100 0011 0101 0000 WaitLoopA: goto[.+1,.,XferDataS];

0101 0111 1001 1100 IncCtr, IncBufAdr, Dev « Buf, goto[CntDoneA, CntWaitA,

0100 0011 0001 0000 CntWaitA: goto[WaitLoopA];
0110 0010 0001 0000 CntDoneA: Cnt « 1100, goto[.+1];

;4 cycles are spent incrementing the device buffer address

011 0110 1 =
011 0110 0 =

011 0111 1 =

0110 0111 1001 1000 IncCtr, IncBufAdr, goto[.+1,.,CntCry];
0111 0011 0001 0000 goto[.+1];

0111 0011 0001 0000 goto[.+1];



Data Bits Are:

0-3: BufNxtAdr{3:6]
4-7:

dBrC.2, dInC, dCI1C’, dLdC’
8-11: d8rC, dBrX, dDtW, dClrMemBufAdr'’
12-15: dIncDevBufAdr, dDeve~Buf, dWrtBuf, dREP

Address: Data:

.......................... L R L T T T L T R

100 0000 x = 0001 0011
100 0001 1 = 0010 1010

;2-word loop transfers
100 0010 1 = 0010 0011
100 0010 0 = 0011 0111
CatCry];

100 0011 1 = 0010 0011
100 0011 0 = 0100 0010

0001 0000
0001 0000
the first

0101 0000
1001 1100

0001 0000
0001 0000

Read/VerifyLabel: goto(.+1];
Cnt « 1110, goto[.+17];
two words from the buffer to the device holding register.

WaitLoop: goto[.+1,.,XferDataS];
IncCtr,IncBufAdr, Dev « Buf, goto[CntDone, CantWait,

CntWait: goto(WaitlLoop]:
CntDone: Cnt « 1100, goto{.+1];

;4-word loop sends a word to the device holding register, then reads a word from
;the device holding register into the buffer.
100 0100 1 = 0100 0011 0101 0000 waitLoopA: goto(.+1,.,XferDataS];

100 0100 0 = 0101 0111

1001 0100

IncCtr, Dev « Buf, goto[CntDoneA, CntWaitA, CatCry];

100 0101 1 = 0100 0011 0001 1010 CatWaitA: IncBufAdr, WrtBuf, goto(WaitlLoopAl:
100 0101 0 = 0110 1010 0001 1010 CntDoneA: Cnt « 1110, IncBufAdr, WrtBuf, goto(.+1];

;2-word loop sends a word to the device holding register, then reads a word from
;the device holding register into the buffer.

100 0110 1 = 0110 0011

100 0110 0 = 0111 0111
100 0111 1 = 0110 0011
100 0111 0 = 1000 0011
100 1000 1t = 1001 0011

;Cause a wakeup
100 1001 1 = 1010 1010

;2-word loop transfers
100 1010 1 = 1010 0011
100 1010 0 = 1011 0111
CatCry]:

100 1011 1 = 1010 0011
100 1011 0 = 1100 0011

0101 0000
1001 0100

0001 1010
0001 1010

0001 0000

0011 0000

the final
0101 0000
1001 1010

0001 0000
0001 0000

WaitLoopB: goto.+1,.,XferDatas];
IncCtr, Dev « Buf, goto[CntDoneB8, CntWaitB, CntCry]:

CntWaitB: IncBqud}, WrtBuf, goto{WaitLoopB];
CntDone8: IncBufAdr, WrtBuf, goto[.+1];

goto(.+1];

Cnt « 1110, Datawake, goto[.+1];

two words from the device holding register to the buffer.
waitLoopC: goto[.+1,.,XferDataS];
IncCtr, IncBufAdr, WrtBuf, goto[CntDoneC, CntwaitC, -

CntWaitC: goto[WaitLoopC];
CntDoneC: gotof.+1];

;Wait for one more XferDataS, cause a wakeup, and increment the buffer address by 2.

100 1100 1 = 1100 0011
100 1100 0 = 1101 0011

100 1101 1 = 1110 0011

100 1110 1 = 1110 0011

0101 0000
0011 1000

0001 1000
0001 0000

goto[.+1,. ,XferDatasS];
DatawWake, IncBufAdr, goto(.+1];

IncBufAdr, goto[.+1]:
goto(.];



Data Bits Are:

0-3: BufNxtAdr[3:6]
4-7: dBrC.2, dInC, dCi1C', dLdC’
8-11: dBrC, dBrX, dDtw, dClrMemBufAdr'

12-15:  dIncDevBufAdr, dDeve«Buf, dWrtBuf, dREP

101 0000 x = 0001 0011 0001 0000 WriteData: goto[.+1];

101 0001 1 = 0010 0011 0001 0000 goto[.+1];

;Send one word to the device holding register

101 0010 1 = 0010 0011 0101 0000 wWaitLoop: goto[.+1,.,XferDataS];
101 0010 0 = 0011 0011 0001 1100 IncBufAdr, Dev « Buf, goto[.+1];

;Wakeup, set up count
101 0011 1 = 0100 0001 0011 0000 Cnt « 0000, DataWake, goto[.+1];

;Send 16 words with REP equal zero.

101 0100 1 = 0100 0011 0101 0000 FirstLoop: goto[.+1,.,XferDataS];

101 0100 0 = 0101 0111 1001 1100 IncCtr, IncBufAdr, Dev « Buf, goto[CntDone, CntWait,
CntCry];

101 0101 1 = 0100 0011 0001 0000 CntWait: goto[FirstLoop];

101 0101 0 = 0110 0011 0001 0000 CntDone: goto[MainSetup];

;Cause a wakeup, send 16words (forever) REP equals 1.
101 0110 1 = 0111 0001 0011 0001 MainSetup: Cnt « 0000, DataWake, REP, goto[.+1];

101 0111 1 = 0111 0011 0101 0001 MainLoop: goto[.+1,.,XferDataS];
101 0111 0 = 1000 0111 1001 1101 IncCtr, IncBufAdr, Dev « Buf, REP, goto[CntDoneA,
CntWaitA, CntCry];

"

101 1000 1 = 0111 0011 0001 0001 CntWaitA: REP, goto[MainLoop];
101 1000 0 = 0110 0011 0001 0001 CntDoneA: REP, goto[MainSetup];



Data Bits Are:

0-3: BufNxtAdr{3:6]
4-7: d8rC.2, dInC, dCIC’', dLdC’
8-11: dBrC, dBrX, dOtW, dC1rMemBufAdr'

12-15:  dIncDevBufAdr, dDev~Buf, dwWrtBuf, dREP

110 0000 x = 0001 0011 0001 0000 ReadData: goto{.+1];

;Wait for XferData and increment the buffer address, but don't write the buffer.
110 0001 1 = 0001 0011 0101 0000 goto(.+1,.,XferDataS];
110 0001 0 = 0010 0010 0001 1000 Cnt « 1100, IncBufAdr, goto[.+1];

;4-word loop transfers data from the device holding register to the buffer - no wakeups yet.
110 0010 1 = 0010 0011 0101 0000 WaitLoop: goto[.+1,.,XferDataS];

110 0010 0 = 0011 0111 1001 1010 IncCtr, IncBufAdr, WrtBuf, goto[CntDone, CntWait,
CntCry];

110 0011 1 = 0010 0011 0001 0000 CntWait: goto(WaitLoop];
110 0011 0 = 0100 0010 0001 0000 CntDone: Cnt « 1100, goto{.+1];

;4-word loop transfers data from the device holding register to the buffer - no wakeups yet.
110 0100 1 = 0100 0011 0101 0000 WaitLoopA: goto[.+1,.,XferDataS];

110 0100 0 = 0101 0111 1001 1010 IncCtr, IncBufAdr, WrtBuf, goto[CntDoneA, CntWaitA,
CntCry]:

110 0101 1 = 0100 0011 0001 0000 CntWaitA: goto[WaitLoopA];
110 0101 0 = 0110 0010 0001 0000 CntDoneA: Cnt « 1100, goto[.+1];

;4-word loop transfers data from the device holding register to the buffer - no wakeups yet.
110 0110 1 = 0110 0011 0101 0000 waitLoopB: goto(.+1,.,XferDataS];

110 0110 0 = 0111 0111 1001 1010 IncCtr, IncBufAdr, WrtBuf, goto{CntDoneB, CntwWaitB,
CntCry]; '

110 0111 1 = 0110 0011 0001 0000 CntWaitB: goto[WaitLoopB8];
110 0111 0 = 1000 0010 0001 0000 CntDoneB: Cnt « 1100, goto[.+1];

;4-word loop transfers data from the device holding register to the buffer - no wakeups yet.
110 1000 1 = 1000 0011 0101 0000 waitLoopC: goto[.+1,.,XferDataS];

110 1000 0 = 1001 0111 1001 1010 IncCtr, IncBufAdr, WrtBuf, goto[CntDoneC, CntWaitC,
CatCry];

110 1001 1 = 1000 0011 0001 0000 CntWaitC: goto[WaitLoopC];
110 1001 0 = 1010 0011 0001 0000 CntDoneC: goto(.+1];

;transfer one more word...
110 1010 1 = 1010 0011 0101 0000 goto(.+1,. ,XferDataS];
110 1010 0 = 1011 0011 0001 1010 IncBufAdr, WrtBuf, goto(.+1];

;cause a wakeup and set up for 16 word loop
11¢ 1011 1 = 1100 0001 0011 Q00O Cnt « 0000, Datawake, goto[.+1]:

;16-word loop writes words to the buffer, then causes a wakeup (forever).
110 1100 1 = 1100 0011 0101 0000 MainLoop: goto{.+1,.,XferDataS];

116 1100 0 = 1101 0111 1001 1010 IncCtr, IncBufAdr, WrtBuf, goto[CntDoned, CntWaitD,
CntCry]:

110 1101 1 = 1100 0011 0001 0000 CntWaitD: goto[MainLoop]:
110 1101 0 = 1100 0001 0011 000C CntDoneD: Cnt «~ 0000, Datawake. goto[MainlLoocp]:



Data Bits Are:

0-3: BufNxtAdr{3:6]
4-7: dBrC.2, dInC, dCI1C', dLdC'
8-11: dBrC, dBrX, dDtwW, dClrMemBufAdr'

12-15: dIncDevBufAdr, dDev«Buf, dWwrtBuf, dREP

111 0000 x = 0001 0011 0001 0000 VerifyData: goto[.+1];
111 0001 1

0010 0011 0001 0000  goto[.+1];

;Send one word to the device holding register.
111 0010 1 = 0010 0011 0101 0000 wWaitLoop: goto[.+1,.,XferDataS];
111 0010 0 = 0011 0011 0001 1100 IncBufAdr, Dev « Buf, goto[.+1];

;Cause a wakeup, set up for 16-word loop.
111 0011 1 = 0100 0001 0011 0000 Cnt « 0000, Datawake, goto[.+1];

;16-word loop...

111 0100 1 = 0100 0011 0101 0000 WaitLoopA: goto[.+1,.,XferDataS];

111 0100 0 = 0101 0111 1001 1100 IncCtr, IncBufAdr, Dev « Buf, goto[CntDone, CntWait,
CntCry];

111 0101 1 = 0100 0011 0001 0000 CntwWait: goto[WaitLoopA];

111 0101 0 = 0110 0011 0001 0000 CntDone: goto[MainLoopSetup];

;Cause a wakeup, set up for 16-word main loop, which transfers forever.
111 0110 1 = 0111 0001 0011 0001 MainLoopSetup: Cnt « 0000, Datawake, goto[.+1];

111 0111 1 = 0111 0011 0101 0001 MainLoop: goto[.+1,.,XferDataS];

111 0111 0 = 1000 0111 1001 1101 IncCtr, IncBufAdr, Dev « Buf, goto[CntDoneA, CntWaitA,
CntCry]:

111 1000 1 = 0111 0011 0001 0001 CntWaitA: goto[MainLoop];

111 1000 0 = 0110 0011 0001 0001 CntDoneA: goto[MainLoopSetup];



The following listing is for the Format Sequencer.
The (decimal) location in the memory is given, followed by
the contents of the memory in the following order:

ForNxtAdr.0-6 (7 bits)
dForCnt.0-4 (5 bits)
dBrOnSync
dSequenceénd
dSectorwWake
dC1rDevOp’

dXferTime

dSyncT ime

dDataTime

dCRCShift

dCRCWrite

dCRCCheck
dWriteGate

dReadGate

dECCClear

dECCShift

dECCWrite

ddECCCheck

(28 bits total)

For each location, the control bits (marked with * above) are shown in text form.

The quantities in parentheses are the address of the instruction that will be executed
following the current instruction, and (if the current address is even) the number of
cycles that the sequencer will remain at that location.

The Basic Sequencer Operation is given at the start of each sequence.

Seek:

000: 0000000 xxxxx 0001 0000 0000 0000 (000)

001: 0000000 xxxxx 0001 0000 0000 0000 (000)

002: 0000001 xxxxx 0001 0000 0000 0000 (002)

003: 0000010 11111 0101 0000 0000 0000 (005,000) SeqEnd
004: 0000010 xxxxx xx01 0000 0000 0000 (004)

006: 0000011 xxxxx 0101 0000 0000 0000 (006) SeqEnd
006: 0000011 xxxxx 0001 0000 0000 0000 (006)

007: 0000011 xxxxx 0001 0000 0000 0000 (008)

008: 0000100 xxxxx xx01 xxxx xxxx xxxx (008)

009: xxxxxxx xxxxx xx01 xxxx xxxx xxxx (000)

010: 0000101 xxxxx xx01 xxxx xxxx xxxx (010)

011: xxxxxxx xxxxx xx01 xxxx xxxx xxxx (000)

012: 0000110 xxxxx 0001 1010 0001 0100 (012) XfrTime DataTime ReadGate ECCShift
013: 0000111 00000 0001 1010 0001 0100 (014,031) XfrTime DataTime ReadGate ECCShift
014: 0000111 xxxxx 0001 1010 0001 0100 (014) XfrTime DataTime ReadGate ECCShift

015: 1000010 00000 0001 1010 0001 0100 (132,031) XfrTime DataTime ReadGate ECCShift
016: 0001000 xxxxx 0001 0000 0000 0000 (016)

Write Header:

017: 0001001 11111 0001 0000 0010 0000 (019,000) WriteGate

018: 0001001 xxxxx xx01 0000 9010 0000 (018) WriteGate

019: 0001010 10110 0000 0000 0010 0000 (020,009) ClrDevOp WriteGate

020: 0001010 xxxxx 0001 0000 0010 0000 (020) WriteGate

021: 0001011 11111 0001 1000 0010 0000 (023,000) XfrTime WriteGate

- 022: 0001011 xxxxx 0001 1000 0010 0000 (022) XfrTime WriteGate

023: 0001100 11110 0001 1100 0010 0000 (024,001) XfrTime SyncTime WriteGate

024: 0001100 xxxxx 0001 1100 0010 0000 (024) XfrTime SyncTime WriteGate

025: 0001101 11110 0001 1011 9010 0100 (02€,001) XfrTime DataTime CRCShift WriteGate ECLCShift
026: 0001101 xxxxx 0001 1011 0010 €100 (028) XfrTime DataTime CRCShift WritaGate ECCShift
927: 0001110 11110 0001 0011 0010 0100 (028,001) DataTime CRCShift WriteGate ECCShift

028: 0001110 xxxxx 0001 0011 0010 0100 (028) DataTime CRCShift WriteGate ECCShift

929: 0001111 11110 0001 0001 1010 0000 (030,001) CRCShift CRCWrite WriteGate

030: 0001111 xxxxx 0001 0001 1010 0000 (030) CRCShift CRCWrite WriteGate

031: 0000001 11110 0001 0000 0010 0000 (002,001) writsGate

032: 0010000 xxxxx 0001 0000 0000 0000 (032)

Read Header:

033: 0010001 11111 0001 0000 0000 0000 (035,000)

034: 0010001 xxxxx xx01 0000 0000 0000 (034)

035: 0010010 11110 0000 0000 0001 0000 (036,001) C1rDevOp ReadGate



036:
037:
038:
039:
040:
041:
042:
043:
044:
045:
046:
047:
048:

0010010
0010011
0010011
0010100
0010100
0010101
0010101

0010110

0010110
0010111
0010111
0000001
0011000

Write Label:

049:
050:
051:
052:
0563:
054:
0565:
056:
057:
058:
059:
060:
061:
062:
063:
064:

0011001
0011001
0011010
0011010
0011011
0011011
0011100
0011100
0011101
0011101
0011110
0011110
0000001
0011111
XXXXXXX
0100000

XXXXX
11011
XXXXX
11110
XXXXX
XXXXX
XXXXX
11100
XXXXX
11110
XXXXX
11110
XXXXX

11000
XXXXX
11111
XXXXX
11110
XXXXX
10010
XXXXX
11110
XXXXX
11110
XXXXX
11110
XXXXX
XXXXX
XXXXX

Read/Verify Label:

065:
066:
067:
068:
069:
070:
071:
072:
073:
074:
075:
076:
077:
078:
079:
080:

0100001
0100001
0100010
0100010
0100011
0100011
0100100
0100100
0100101
0100101
0100110
0100110
0000001
0100111
1110000
0101000

Write Data:

081:
082:
083:
084:
085:
086:
087:
088:

nag -
SEKN
094:
095:
096:

Read
097:
098:
099:

0101001
0101001
0101010
0101010
0101011
0101011
0101100
0101100

: 0101101

2121101
0101110
d121110
givitil
0101111
1100010
0110000

Data:

0110001
0110001
0110010

11111
XXXXX
11100
XXXXX
11110
XXXXX
XXXXX
XXXXX
10000
XXXXX
11110
XXXXX
11110
XXXXX
00000
XXXXX

11000
XXXXX
11111
XXXXX
11110
XXXXX
00000
XXXXX
00000
XXXXX
00000
XX XXX
00000
XXXXX
00000
XXXXX

11111
XXXXX
11010

0001
0001
0001
0001
0001
1001
1001
0001
0001
0001
0001
0001
xx01

0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
xx01
xx01
xx01

0001
xx01
0001
0001
0001
0001
1001
1001
0001
0001
0001
0001
0001
0001
0001
xx01

0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
xx01

0001
xx01
0001

0000
0000
0000
1000
1000
0100
0100
1011
1011
1001
1001
0000
XXXX

0000
0000
1000
1000
1100
1100
1011
1011
0011
0011
0001
0001
0000
XXXX
XXXX
XXX X

0000
XX XX
0000
0000
1000
1000
0100
0100
1011
1011
1001
1001
0000
1010
1010
XXXX

0000
0000
1000
1000
1100
1100
1010
1010
1010
1010
1010
1010
i010
1010
1010
XXXX

0000
XXXX
0000

0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0101
XXXX

0010
0010
0010
0010
0010
0010
0010
0010
0010
0010
1010
1010
0010
XXXX
XXX X
XXXX

0000
XXXX
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0101
0001
0001
XXXX

0010
0010
0010
0010
0010
0010
0010
0010
0010
0010
0010
0010
0010
0010
0010
XXXX

0000
XXXX
0001

0000
0000
0000
0000
0000
0000
0000
0100
0100
0100
0100
0000
XXXX

0000
0000
0000
0000
0000
0000
0100
0100
0100
0100
0000
0000
0000
XXXX
XXXX
XXXX

0000
XXXX
0000
0000
0000
0000
0000
0000
0100
0100
0100
0100
0000
0100
0100
XXX X

1100
1100
0000
0000
0000
oooc
0100
0100
0100
0100
0100
0100
0100
0100
0100
XXXX

0000
XXXX
1100

(036)
(038,004)
(038)
(040,001)
(040)
(042)
(042)
(044,003)
(044)
(046,001)
(048)
(002,001)
(048)

(050,007)
(050)
(053,000)
(0562)
(054,001)
(054)
(056,013)
(056)
(058,001)
(058)
(060,001)
(060)
(002,001)
(062)
(000)
(064)

(067,000)
(066)
(068,003)
(068)
(070,001)
(070)
(072)
(072)
(074,015)
(074)
(076,001)
(076)
(002,001)
(078)
(224,031)
(080)

(082,007)
(082)
(085,000)
(084)
(086.001)
(086)
(088,031)
(088)
(090,031)
(090)
(092,031)
(092)
(094,031)
(094)
(196,031)
(096)

(099,000)
(098)
(100,005)

ReadGate

ReadGate

ReadGate

XfrTime ReadGate

XfrTime ReadGate

BrSync SyncTime ReadGate

BrSync SyncTime ReadGate

XfrTime DataTime CRCShift ReadGate ECCShift
XfrTime DataTime CRCShift ReadGate ECCShift
XfrTime CRCShift ReadGate ECCShift

XfrTime CRCShift ReadGate ECCShift
CRCCheck ReadGate

WriteGate

WriteGate

XfrTime WriteGate

XfrTime WriteGate

XfrTime SyncTime WriteGate

XfrTime SyncTime WriteGate

XfrTime DataTime CRCShift WriteGate ECCShift
XfrTime DataTime CRCShift WriteGate ECCShift
DataTime CRCShift WriteGate ECCShift
DataTime CRCShift WriteGate ECCShift
CRCShift CRCWrite WriteGate

CRCShift CRCWrite WriteGate

WriteGate

ReadGate

ReadGate

XfrTime ReadGate

XfrTime ReadGate

BrSync SyncTime ReadGate

BrSync SyncTime ReadGate

XfrTime DataTime CRCShift ReadGate ECCShift
XfrTime DataTime CRCShift ReadGate ECCShift
XfrTime CRCShift ReadGate ECCShift

XfrTime CRCShift ReadGate ECCShift ~
CRCCheck ReadGate

XfrTime DataTime ReadGate ECCShift

XfrTime DataTime ReadGate ECCShift

WriteGate ECClr ECCShift

WriteGate ECClr ECCShift

XfrTime WriteGate

XfrTime WriteGate

XfrTime SyncTime WriteGate

XfrTime SyncTime WriteGate

XfrTime DataTime WriteGate ECCShift
XfrTime DataTime WriteGate ECCShift
XfrTime DataTime WriteGate ECCShift
XfrTime DataTime WriteGate ECCShift
XfrTime DataTime WriteGate ECCShift
XfrTime DataTime WriteGate ECCShift
XfrTime DataTime WriteGate ECCSrift
XfrTime DataTime WriteGate ECCShift
XfrTime DataTime WriteGate ECCShift

ReadGate ECCIr ECCShift



100: 0110010 xxxxx 0001 0000 0001 1100 (100) ReadGate ECCIr ECCShift

101: 0110011 xxxxx 1001 0100 0001 0000 (102) BrSync SyncTime ReadGate

102: 0110011 xxxxx 1001 0100 0001 0000 (102) BrSync SyncTime ReadGate

103: 0110100 11111 0001 0010 0001 0100 (105,000) DataTime ReadGate ECCShift

104: 0110100 xxxxx 0001 0010 0001 0100 (104) DataTime ReadGate ECCShift

106: 0110101 00001 0001 1010 0001 0100 (106,030) XfrTime DataTime ReadGate ECCShift
106: 0110101 xxxxx 0001 1010 0001 0100 (106) XfrTime DataTime ReadGate ECCShift
107: 0110110 00000 0001 1010 0001 0100 (108,031) XfrTime DataTime ReadGate ECCShift
108: 0110110 xxxxx 0001 1010 0001 0100 (108) XfrTime DataTime ReadGate ECCShift
109: 0110111 00000 0001 1010 0001 0100 (110,031) XfrTime DataTime ReadGats ECCShift
110: 0110111 xxxxx 0001 1010 0001 0100 (110) XfrTime DataTime ReadGate ECCShift

111: 0000110 00000 0001 1010 0001 0100 (012,031) XfrTime DataTime ReadGats ECCShift
112: 0111000 xxxxx xx01 xxxx xxxx xxxx (112).

Verify Data:

113: 0111001 11111 0001 0000 0000 0000 (115,000)

114: 0111001 xxxxx xx01 xxxx xxxx xxxx (114)

115: 0111010 11100 0001 0000 0001 1100 (116,003) ReadGate ECC1r ECCShift

116: 0111010 xxxxx 0001 0000 0001 1100 (116) ReadGate ECC1r ECCShift

117: 0111011 11110 0001 1000 0001 0000 (118,001) XfrTime ReadGata

118: 0111011 xxxxx 0001 1000 0001 0000 (118) XfrTime ReadGate

119: 0111100 xxxxx 1001 0100 0001 0000 (120) BrSync SyncTime ReadGate

120: 0111100 xxxxx 1001 0100 0001 0000 (120) BrSync SyncTime ReadGate

121: 0111101 00000 0001 1010 0001 0100 (122,031) XfrTime DataTime ReadGate ECCShift
122: 0111101 xxxxx 0001 1010 0001 0100 (122) XfrTime DataTime ReadGate ECCShift
123: 0111110 00000 0001 1010 0001 0100 (124,031) XfrTime DataTime ReadGate ECCShift
124: 0111110 xxxxx 0001 1010 0001 0100 (124) XfrTime DataTime ReadGate ECCShift
125: 0111111 00000 0001 1010 0001 0100 (126,031) XfrTime DataTime ReadGate ECCShift
126: 0111111 xxxxx 0001 1010 0001 0100 (126) XfrTime DataTime ReadGate ECCShift

127: 0100111 00000 0001 1010 0001 0100 (078,031) XfrTime DataTime ReadGate ECCShift
128: 1000000 xxxxx 0001 0000 0000 0000 (128)

Nop Header:

126: 1000001 01100 0001 0000 0000 0000 (130,019)

130: 1000001 xxxxx 0001 0000 0000 0000 (130)

131: 0000001 11110 0000 0000 0000 0000 (002,001) ClrDevOp

132: 1000010 xxxxx 0001 1010 0001 0100 (132) XfrTime DataTime ReadGats ECCShift
133: 1000011 00000 0001 1010 0001 0100 (134,031) XfrTime DataTime ReadGate ECCShift
134: 1000011 xxxxx 0001 1010 0001 0100 (134) Xfr7ime DataTime ReadGata ECCShift
135: 1000100 00000 0001 1010 0001 0100 (136,031) XfrTime DataTime ReadGate ECCShift
136: 1000100 xxxxx 0001 1010 0001 0100 (136) XfrTime DataTime ReadGate ECCShift
137: 1000101 00000 0001 1010 0001 0100 (138,031) XfrTime DataTime ReadGate ECCShift
138: 1000101 xxxxx 0001 1010 0001 0100 (138) XfrTime DataTime ReadGate ECCShift
139: 1000110 00000 0001 1010 0001 0100 (140,031) XfrTime DataTime ReadGate ECCShift )
140: 1000110 xxxxx 0001 1010 0001 0100 (140) XfrTime DataTime ReadGate ECCShift
141: 1000111 00000 0001 1010 0001 0100 (142,031) XfrTime DataTime ReadGate ECCShift
142: 1000111 xxxxx 0001 1010 0001 0100 (142) XfrTime DataTime ReadGate ECCShift

143: 1001001 00000 0001 1010 0001 0100 (146,031) XfrTime DataTime ReadGate ECCShift
144: 1001000 xxxxx xx01 xxxx xxxx xxxx (144)

Nop Label:

145: 0000001 00001 0001 0000 0000 0000 (002,030)

146: 1001001 xxxxx 0001 1010 0001 0100 (146) XfrTime DataTime ReadGate ECCShift
147: 1001010 00000 0001 1010 0001 0100 (148,031) XfrTime DataTime ReadGate ECCShift °
148: 1001010 xxxxx 0001 1010 0001 0100 (148) XfrTime DataTime ReadGate ECCShift
149: 1001011 00000 0001 1010 0001 0100 (150,031) XfrTime DataTime ReadGate ECCShift
150: 1001011 xxxxx 0001 1010 0001 0100 (150) XfrTime DataTime ReadGate ECCShift
1561: 1001100 00000 0001 1010 0001 0100 (152,031) XfrTime DataTime ReadGate ECCShift
152: 1001100 xxxxx 0001 1010 00G1 0100 (152) XfrTime DataTime ReadGate ECCShift
163: 1001101 00000 0001 1010 0001 0100 (154,031) XfrTime DataTime ReadGate ECCShift
154: 1001101 xxxxx 0001 1010 0001 0100 {154) XfrTime DataTime ReadGate ECCShift
155: 1001110 11100 0001 1000 0001 0100 (156.003) XfrTime ReadGate ECCShift

156: 1001110 xxxxx 0001 1000 0001 0100 (156) XfrTime ReadGate ECCShift

157: 1001111 11100 0001 1000 0001 1111 (158,003) XfrTime ReadGate ECCIr ECCShift ECCWrite
ECCChk

158: 1001111 xxxxx 0001 1000 0000 1111 (158) XfrTime ECCir ECCShift ECCWrite ECCChk
159: 0000010 11111 0111 0000 0000 0000 (005,000) Seqfnd SectWk

160: 1010000 xxxxx xx01 xxxx xxxx xxxx (160)

Nop Data:
161: 1010001 00000 0001 0000 0000 0000 (162,031)
162: 1010001 xxxxx 0001 0000 0000 0000 (162)



163:
164:
165:
166:
167:
168:
169:
170:
171:
172:
173:
174.
175:
176:

177:
178:
179:
180:
181:
182:
183:
184:
185:
186:
187:
188:
189:
190:
191:
182:

193:
194:
195:
196:
197:
198:
199:
200:
201:
202:
203:
204:
205:
206:
207:
208:

209:
210:
211:
212:
213:
214:
215:
. 216:
217
218:
219:
220
221:
222

Lav!

224:

225:
226:
227:
228:
229:
230:

1010010
1010010
1010011
1010011
1010100
1010100
1010101
1010101
1010110
1010110
1010111
1010111
1011001
1011000

1011000
1011001
1011010
1011010
1011011
1011011
1011100
1011100
1011101
1011101
1011110
1011110
1011111
1011111
1100000
1100000

1100001
1100001
0000001
1100010
1100011
1100011
1100100
1100100
1100101
1100101
1100110
1100110
1100111
1100111
1101000
1101000

1101001
1101001
1101010
1101010
1101011
1101011
1101100
1101100
1101101
1101101
1101110
1101110
1101111
1101111
cGuGlie

1110000

1110001
1110001
1110010
1110010
1110011
1110011

00000
XXXXX
00000
XXXXX
00000
XXXXX
00000
XXXXX
00000
XXXXX
00000
XXXXX
00000
XXXXX

XXXXX
XXXXX
00000
XXXXX
00000
XXXXX
00000
XXXXX
00000
XXXXX
00000
XXXXX
01111
XXXXX
01111
XXXXX

00000
XXXXX
10001
XXXXX
00000
XXXXX
00000
XXXXX
00000
XXXXX
00000
XXXXX
00000
XXXXX
00000
XXXXX

00000
XXXXX
00000
XXXXX
00000
XXXXX
00000
XXXXX
00010
XXXXX
11110
XX XXX
11100
XX XXX
11111
XXXXX

00000
XXXXX
00000
XXXXX
00000
XXXXX

0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001

0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001

0001
0001
0011
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001

0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0101
0001

0001
0001
0001
0001
0001
0001

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
1010
1010
1010
1010
1010
1010
1010
1010
1010
1010
1010
1010
1010

1010
1010
1010
1010
1010
1010
1010
1010
1010
1010
0010
0010
G000
0000
0000
1010

1010
1010
1010
1010
1010
1010

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0010
0010
0010
0010
0010
0010
0010
0010
0010
0010
0010
0010
0010

0010
0010
0010
0010
0010
0010
0010
0010
0010
0010
0010
o010
0010
0010
NIVERY
0001

0001
0001
0001
0001
0001
0001

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0100
0100
0100
0100
0100
0100
0100
0100
0100
0100
0100
0100
0100

0100
0100
0100
0100
0100
0100
0100
0100
0100
0100
€100
0100
1110
1110
0000
0100

0100
0100
0100
0100
0100
0100

(164,031)
(164)
(166,031)
(166)
(168,031)
(168)
(170,031)
(170)
(172,031)
(172)
(174,031)
(174)
(178,031)
(176)

(176)
(178)
(180,031)
(180)
(182,031)
(182)
(184,031)
(184)
(186,031)
(186)
(188,031)
(188)
(190,016)
(190)
(192,016)
(192)

(194,031)
(194)
(002,014)
(196)
(198,031)
(198)
(200,031)
(200)
(202,031)
(202)
(204,031)
(204)
(206,031)
(206)
(208,031)
(208)

(210,031)
(210)
(212,031)
(212)
(214,031)
(214)
(216,031)
(216)
(218,029)
(218)
(220.001)
(220)
(222.003)
(222)
(005.900;
(224)

(226,031)
(226)
(228,031)
(228)
(230,031)
(230)

SectWk

XfrTime
XfrTime
XfrTime
XfrTime
XfrTime
XfrTime
XfrTime
XfrTime
XfrTime
XfrTime
XfrTime
XfrTime
XfrTime

XfrTime
XfrTime
XfrTime
XfrTime
XfrTime
XfrTime
XfrTime
XfrTime
XfrTime
XfrTime

DataTime
DataTime
DataTime
DataTime
DataTime
DataT ime
DataTime
DataTime
DataT ime
DataTime
DataTime
DataTime
DataTime

DataT ime
DataT ime
DataTime
DataTime
DataTime
DataT ime
DataTime
DataTime
DataTime
DataTime

WriteGate
WriteGate
WriteGate
WriteGate
WriteGate
WriteGate
WriteGate
WriteGate
WriteGate
WriteGate
WriteGate
WriteGate
WriteGate

WriteGate
WriteGate
WriteGate
WriteGate
WriteGate
WriteGate
WriteGate
WriteGate
WriteGate
WriteGate

ECCShift
ECCShift
ECCShift
ECCShift
ECCShift
ECCShift
ECCShift
ECCShift
ECCShift

ECCShift”

ECCShift
ECCShift
ECCShift

ECCShift
ECCShift
ECCShift
ECCShift
ECCShift
ECCShift
ECCShift
ECCShift
ECCShift
ECCShift

DataTime WriteGate ECCShift
DataTime WriteGate ECCShift
WriteGate ECCIr ECCShift ECCWrite
WriteGate ECCir FECCShift ECCWrite
Segkbnd WriteGate

XfrTime

Xf.r7ime
XfrTime
XfrTime
XfrTime
XfrTime
XfrTime

DataTime

DataTime
DataTime
DataTime
DataTime
DataTime
DataTime

ReadGate

ReadGate
ReadGate
ReadGate
ReadGate
ReadGate
ReadGate

ECCShift

ECCShift
ECCShift
ECCShift
ECCShift
ECCShift
ECCShift

10



231: 1110100 00000 0001 1010 0001 0100 (232,031) XfrTime DataTime ReadGate ECCShift

232: 1110100 xxxxx 0001 1010 0001 0100 (232) Xfr7ime DataTime ReadGate ECCShift
233: 1110101 00000 0001 1010 0001 0100 (234,031) XfrTime DataTime ReadGate ECCShift
234: 1110101 xxxxx 0001 1010 0001 0100 (234) XfrTime DataTime ReadGate ECCShift
235: 1110110 00000 0001 1010 0001 0100 (236,031) XfrTime DataTime ReadGate ECCShift
236: 1110110 xxxxx 0001 1010 0001 0100 (236) XfrTime DataTime ReadGate ECCShift
237: 1110111 00000 0001 1010 0001 0100 (238,031) XfrTime DataTime ReadGate ECCShift
238: 1110111 xxxxx 0001 1010 0001 0100 (238) XfrTime DataTime ReadGate ECCShift

239: 1111001 00000 0001 1010 0001 0100 (242,031) XfrTime DataTime ReadGates ECCShift
240: 1111000 xxxxx 0001 0000 0000 0000 (240)

Recovery Gap:

241: 1111000 xxxxx 0001 0000 0000 0000 (240)

242: 1111001 xxxxx 0001 1010 0001 0100 (242) XfrTime DataTime ReadGate ECCShift
243: 1111010 00000 0001 1010 0001 0100 (244,031) XfrTime DataTime ReadGate ECCShift
244: 1111010 xxxxx 0001 1010 0001 0100 (244) XfrTime DataTime ReadGate ECCShift
245: 1111011 00000 0001 1010 0001 0100 (246,031) XfrTime DataTime ReadGate ECCShift
246: 1111011 xxxxx 0001 1010 0001 0100 (248) XfrTime DataTime ReadGate ECCShift
247: 1111100 00010 0001 1010 0001 0100 (248,029) XfrTime DataTime ReadGate ECCShift
248: 1111100 xxxxx 0001 1010 0001 0100 (248) XfrTime DataTime ReadGate ECCShift
249: 1111101 11110 0001 0010 0001 0100 (250,001) DataTime ReadGate ECCShift

250: 1111101 xxxxx 0001 0010 0001 0100 (250) DataTime ReadGate ECCShift

251: 1111110 11100 0001 0000 0001 0100 (252,003 ReadGate ECCShift

252: 1111110 xxxxx 0001 0000 0001 0100 (252) ReadGate ECCShift

263: 1111111 11100 0001 0000 0001 1111 (254,003) ReadGate ECCI1r ECCShift ECCWrite ECCChk
254: 1111111 xxxxx 0001 0000 0000 1111 (254) ECClr ECCShift ECCWrite ECCChk
255: 0000010 11111 0101 00Q0 0000 0000 (005,000) SeqEnd



