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Channel

INTRODUCTION

The channel contains data buses and
synchronizing controls that move the data and
commands between the control processor, main
storage or control storage, and the 1/0
attachments.

The channel has lines that go directly from the
control processor to the |1/0 attachments and
lines that go to a port and then to the |/0
attachments.

[ Channel %

Control

1/0
Processor

Attach-
ments

The channel, as used in System/34, is the
internal link between the control processor and
the logic for control of 1/0 functions. The
channel contains a port through which part of
this control passes.
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1/0 Instruction

Phase A
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MPXPO Bus Out

Service In
Microinterrupt Request
Multidevice Response
Base Cycle Steal Request
MPXPO Data In

Control Out Pwrd
Service Out Pwrd
Command Bus Out 0-2

Strobe Pwrd

Transfer Error (xfer error
gated or JIO echo)

Disk Burst Mode Gated
Disk Strobe
CSY Trigger

Disk/Dskt Block
Processor Clock

Disk/Dskt
(load) BC Req
(burst cycle steal)

Command Bus In
Bits 0—5
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DATA FLOW

The channel is a common data and timing link
for the following functions:

« Movement of data by the control processor
directly between control storage or main
storage and the 1/0 attachments (1/0
storage instructions).

- Burst cycle steal or base cycle steal between
control storage or main storage and the 1/0
attachments (cycle steal mode).

« Movement of data between the control
processor local storage registers and the 1/0
attachments (I/O immediate instruction).

. Direct control of the channel or the I/O
functions by the control processor that may
or may not include data movement (1/0
control load and 1/0 control sense
instructions).

« Information to the control processor from
tested 1/0 conditions (jump on I/0 condition

instruction).

The channel supplies the necessary controls to
support the following:

« 1/0 instructions (immediate, storage, and
jump)

« Interrupts (five levels)

« Burst cycle steal (disk or diskette)

« Base cycle steal (work stations or MLCA)
« Initial program load

« Error detection

Channel 5-1



I/0 Operations

To run a customer program, the customer must
first power on the system, load (IPL) the
System Support Program Product (SSP), and
sign on to the system as a user. The
application program is then selected and loaded

into main storage.

1/0 operations are requested by the application
program running in.the main storage processor.
These requests are used to store or get data
from disk or diskette storage, to print data on a
printer, to display data on a display, or to
transfer data over the data communications
line(s). The following chart shows the major
events that occur during a sample 1/0
operation. Refer to the particular attachment
section of this manual for details concerning
I/0 operations for that attachment.

Main Storage Processor

Control Processor/Channel

Attachment

B The channel activates the
‘-interrupt req to run ith’ to
interrupt the control
processor

B The control processor
interrupt handler senses
which device wants to
interrupt by using the sense
interrupt level status byte
(SILSB) command

The control processor
interrupt handler resets the
interrupt with the 1/0 load
(IOL) command

m The nucleus action controller
(NUAC) passes control to
the device I0CH routine

[B. The 10CH routine gets the
1/0 sense (10S) or 1/0
control sense (IOCL) status
of the attachment

The IOCH routine returns
control to SSP

SSP tests the 1/0 status of
the attachment

SSP does error recovery
and error posting

SSP returns control to the
customer program

Main Storage Processor Control Processor/Channel Attachment
Kl The customer program calls
SSP to get or store data
SSP issues a supervisor call
(SVC) command for 1/0
service to the control
processor
The control processor
executes the SVC command
by calling its 1/0 control
handler (IOCH) routine
I0CH analyzes the operation
and sets up data addresses
IOCH uses 1/0 control load
(IOCL) commands to
transfer control to the
attachment
B The attachment uses the
‘~-base cycle steal request’
or the ‘-disk/dskt (load) BC
req’ (burst cycie steai) line
to request the transfer of
data between storage and
the device
The attachment activates
the '-microinterrupt
request’ line to tell the
control processor that it is
done
N / \‘\\ i SN S ~ -~ s PN N
NS ‘\\;,, J \‘\ / N g B ~ . N “
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Processing Unit Storage Link to 1/0
Attachments

( (

i/0 Instructions

1/0 Storage (WTCL, WTCH, RDCL, RDCH, WTM,
RDM)

The channel gates all data moved by the control
processor from control storage or main storage
to the 1/0 attachments. Data can either be
read from storage and moved to the 1/0
attachments or read from the 1/0 attachments
and written into storage.

All storage addressing, storage write control,
and address updates are controlled by the
control processor. The |1/0 storage instructions
are described in detail under 1/0 Storage later
in this section.

0 1 0 0| Modifier |0|{W|c|D|V Reg 2

78 910111213 15

(

( C C C C«

ra

{

C ( (

Sélect Attachment
(Address, Modifier, and Command to Attachment)

CPU | Channel | Attachment
DW.R 0 Low | Portflf)ata I
evice Buffer
Address 0000 | |
[ ~ N
/'I \r Bus Out
i 4: |
l System | I I
l Bus | | |
) ) | Out || l
e \ T CBO
N__" | Command
Op ModOWCDVReg2I '
l Decode |
I Bits 8-12 I
Send Data Byte to Attachment/Receive Data Byte from Attachment
CPU I Channel | Attachment
| Port Data |
Buffer
MPXPO |
Main or Bus Out
Control ﬁMPXPO'
Storage Data InI
I
LsR |

Op Mod [0l W|C|D|V| Reg
0100 (4

(

« ¢ € ¢ ¢
Control Processor Local Storage Register
Link to I/0 Attachments

I1/0 Immediate (IOL, IOCL, 10S, I0CS, SILSB)

The control processor interfaces directly with
the channel when moving data into or out of
the control processor local storage registers.
The control processor handles all control
processor local storage register selection and
the write controls directly from the 1/0
instruction fields. The channel gates data to or
from the control processor local storage
register, the port, and the 1/0 attachments.
The 1/0 immediate instruction that performs
this function includes several commands that
are described here.

1011 Modifier | Function | H2 | Reg 2

0 3 4 7 8 1 12 13 15

The 1/0 immediate instruction has four main
functions:

1. Moves a single byte of data from the
control processor local storage register to
the |/0 attachment or from the |/0
attachment to the control processor local
storage register.

2. Directs control of the channel and the 1/0
functions that may or may not include
data movement.

3. Directs control of the control processor
functions.

4. Directs control of the main storage
processor functions.

«( ¢ ¢ € € ¢
The different commands that are a function of
the 1/0 immediate command are:

« 1/0 Load—Moves the data from the local
storage register to the |/O attachment.

« 1/0 Sense—Moves the data from the 1/0
attachment to the local storage register.

« 1/0 Control Load—Moves the contents of the
local storage register to the |/0 attachment.

« 1/0 Control Sense—Moves the information
from the 1/0 attachment to the local storage
register.

« Sense Interrupt Level Status
Byte—Determines which device is requesting
service on a given interrupt level.

« Control Processor Load
Function—Sets/resets, enables/disables
conditions and indicators in the control
processor. (This instruction does not go to
the channel.)

» Control Processor Sense—Moves information
to the control processor concerning the
status of the CE panel, address switches,
1/0 clocks, errors, and the processor
condition register. (This instruction does not
go to the channel.)

The basic functions of the 1/0 load, 1/0 sense,
and sense interrupt level status byte commands
are described here. More complete descriptions
may be found later in this section under the
heading Commands.

Channel 5-3



I/0 Load or 1/0 Control Load (IOL, IOCL)

1011 Modifier | Function | H2 | Reg 2

0 3 4 7 8 11 12 13 15

This function of the I/O immediate instruction
moves 1 byte of data or control information
from a local storage register to an 1/0
attachment.

1/0 Sense or 1/0 Control Sense (10S, I0CS)

1011 | Modifier | Function |H2| Reg 2

5-4

This function of the 1/O immediate instruction
moves 1 byte of data or status type information
from an 1/0 attachment to a local storage
register.

Assemble Select 1/0 Attachment; Send
Address and | Command and Modifier to
Command in | Attachment on CBO and MPXPO
Channel Bus Out
Select Attachment
(Address, Modifier, and Command to Attachment)
CPU ' Channel I Attachment
| Function |
| Field |
l Decode |
101 1| Modifier | Function [H2|Reg 2
0|3 4 7 8 11 12 13_15 ! CcBO |
/ \ Comman
e :
WRO Low | . || |
Device | System | Data
Address| 0000 | Bus | | Buffer :
—= } Out l| MPXPO
J 11 Bus |
l | | 3 QOut |
| | 4 |
| 1
\ —++ |
\\__/
7
Send Data Byte to Attachment
CPU [ Channel | Attachment
| Data  ypxpo |
System I Buffer gys |
B ’ !
LSRs us Out Out
'l Select ! |
ISelect LSR | l
Select High or | |
Low Byte | I |
101 1| Modifier | Function |H2| Reg 2 | |
SDR | I
Ve AN PN RN ~ A RN SN ~ TN P

0 34 78 11 12 13 15
Assemble Select I/O Attachment; Send
Address and Command and Modifier to
Command in Attachment on CBO and
Channel MPXPO Bus Out
Select Attachment
CcPU | Channel | Attachment
| Function |
Field
High SDR Low | Decode ||
101 1| Modifier | Function | H2| Reg 2|l |
0 34 7 8 11 12 1315/ |
TN |
_Jl) I ' \\ 1
He System ; I
| Bus Out | l
1 |1
\ ’ |
A
l ~_ e | |
g 1112 15 | |
Device
Address | 0000 I Data |
WRO Low | Buffer |
Receive Data Byte from Attachment
CPU | Channel i Attachment
| Data |
| Buffer MPXPO |
I Data |
System | In |
Bus In |
LSRs H
| |
I Select I | i
Select LSR I |
Select High or |
ow Byte I |
7777777 | |
‘Op}ModifiertFunction| H2 | Reg 2 l
(AN |
SDR | |
- TN N PN - ™~ - . = o TN
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Sense Interrupt Level Status Byte (SILSB)

| 1011 | Modifier
0 34 78

Function {H2| Reg 2
11 1213 156

This function of the 1/0 immediate instruction
moves 1 byte of status information from the
1/0 attachment to the selected local storage
register. This status byte determines which
devices are requesting service on a given
interrupt level.

Select Attachment

L'Op Modifier | Function] H2 | Reg 2
(X
SDR

2. Diskette level 1 seek or diskette level 2
seek or data.
3. 62EH disk 1 seek/62PC disk A and B seek

CPU ] Channel : Attachment
|
I Function l
Field
} Decode { Interrupt
High SDR Low I | Level Default Bit0 Bit 1 Bit 2 Bit 3 Bit4 Bit5 Bit 6 Bit 7
, l CBO Bits 0—2 0001 See Note 1 62EH 62EH
1011 |Modifier | Function |H2 | Reg 2 | rep—— IL1 ¢ Disk 2 Data [Disk 1 Data
I Fixed D
ata
0. 34 78 1112 1315 | | 001 ?8210 Interrupt | Comm 1 gata 2
AN ! I Timer | or MLCA omm
)| T v l 0011
i System 1| I L3
|BusOut | | MPXPO | 0100 Soe Note 2 | UMt Work Printer 1 62EH
| N 1 Bus Out IL4 ee Note 21 Record | Station 1 | "o Disk 2 Seek | S¢¢ Note 3
L ] 0101
7
N, | : s | MsP
— Port Dat
8 11 12 15 | | ort —ata l ] |
Bus Qut Send Status Byte to Channel
Interrupt | Port Address | : | . end Status Byte to Channe
Level | Data | Bits 0—3
0000 l Buffer I
WRO Low I I
Receive Status Byte from Attachment
| |
CPU ' Channel I Attachment
I I
I Data I
I Buffer I
System I MPXPO I
Bus In Data In
LSRs # )
Select l :
Select LSR I |
Select High or ! I
Low Byte Notes:
1 | | 1. Di
. Diskette level 1 data.
L2, | |
| |
] |

or data.
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Control Processor Jump on 1/0 Condition
Link to 1/0 Attachments

Jump on 1/0 Condition (JIO)

The sequence of the control processor
instructions can be changed inside a page
boundary (256-word limit) by the
jump-on-1/0-condition instruction. This
instruction tests 1/0 conditions and if the
condition tested is active, a jump to the page
address specified in the instruction is taken.
The ‘CBI bit 4’ port line indicates if the 1/0
condition tested is active. The control processor
then replaces the 8 low-order bits of the
microaddress register with the contents of the
page address field. When the 1/0 condition
tested is not active, the control processor takes
the next instruction in sequence.

00 1 1 Modifier | Page Address

0 3 4 7 8 15

Control Processor Channel Attachment
T 77 7 Iselect /O Attachment
Assemble Address and and Check for Jump
Command in Channel on 1/0 Condition
I
WRO Low | I
Device
Address 0000 I I
I o=~ | MPXPO '
!/S \\ i Bus | Attach-
t .
gl T N
} Out ! II Buffer |
[ i N {
N Page l
Op | Modifier Address | l { |
[ l ! com- | command
A J // mand l
- { Decode ]
| CBI
LSRs ' (bit 4)
| |
| I
| I
| |
| ]
\\‘ Ve \ TN SN N N . S e
./ - N “ \ : p AN N
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PORT CARD

The majority of the port lines are
generated/terminated in the port card, although
some port lines originate in the control
processor and disk attachments.

All data buses in the channel/port/devices are
1 byte wide with each bus containing odd
parity. Thus, a 1-byte bus contains 8 data bits
and 1 parity bit.

Port Parity

The port normally operates in odd parity mode.
For diagnostic purposes, the port (through an
1/0 control load) can be set to operate in even
parity mode. In this case, data received from or
sent to the control processor or I/0 device is
expected to have even parity. Because the
control processor operates with odd parity, the
port causes a control processor check when
sending data to the control processor in the
even parity mode of operation. Even parity
mode is used only when running diagnostics to
cause control processor checks for diagnostic
analysis. System reset sets the port to odd
parity.

Function

Decode
Commands

Port Register

Command Bus Out 0—2

M EC 8264549 0
is installed.  |Cycle || Device
{ 2 Steal M Address/
.. Data
| ? Priority [ 3
b _—— ll Data Buffer 2~ — T~ 8
Sys Bus Out 0 Command/
Bits 8—15, P1 8—11 Device Data -
0-3 T, | Address/ |jmmma 7 MPXPO Bus Out Bits 0—7
'[ gata 8 ——— PG (—
rar4 T Gate PC
Modifier/ I
47 Data 4
7 |
1/0
Instruction . 1 .
e I's (¢ ( B (__Service In
) ) ) [ ) ) -
L >

-

—~
b~

Command Bus In 0—5

Port
Checks
Register

Command Bus In 0—5

o

Control Out Pwrd

System Bus In Bits 8—15

PC = Parity Check
PG = Parity Generate

MPXPO Data In Bits 0—7,P

PG

PC

°‘4i

Interrupts

Cycle Steal Strobe Pwrd/Service Out Pwrd
(I 4
BRI
Port ‘ _— —
6 —= Control
Port Status
or (e MPXPQ Bus Out Bit P
T
I Port Clock
Control
I I Advance Time Clock |3 j( ()
T Decodes | _, J) ()
( (@
7 ) )

(PG |

PC

Channel
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Port Clock

The port clock generates the interface timings
between the control processor and the 1/0
attachments. The port clock runs only for I/0
instructions and base cycle steal operations.
During other operations, the port clock is reset.
When the control processor decodes an 1/0
instruction, it activates the '1/0 instruction’ line
during time T3 @); this line remains active
through the end of time T6. An 'I/O
instruction’ line causes the control processor
clock to extend times T3 and T6 and, at the
same time, gates the port clock triggers, which
are controlled by the shift of the ‘phase A’ line.
Port clock output times are decoded from the
inputs of triggers X1, X2, X4, and X8, and the
C1X latch.

The port clock will loop in one of two
conditions while waiting for a response from
the 1/0 attachment:

« ‘Control out pwrd’ line G sequence loop:

— The port clock loops (CO7, COF, COE, CO06,
and so on) while waiting for the 1/0
attachment to respond with an active
‘service in’ G or ‘multidevice response’
line @.

— The "strobe pwrd’ line @ continues to
pulse while waiting for a response.

— The “exit loop 1’ latch @) is set (anded
condition of service in, phase A, and C06)
and stops the port clock from looping.

— The 'C1X’ latch @) is set by the active
‘exit loop 1 Ith’ line and permits the port
clock to go into the second loop condition
(the C1X latch adds one to the tens
position of the port clock for the second
loop clock timings).

o ‘Service out pwrd’ line e sequence loop:

— The port clock loops (C17, C1F, C1E, C16,
and so on) while waiting for the 1/0
attachment to respond with inactive
‘service in" and inactive ‘'multidevice
response’ lines @ €.

— The "strobe pwrd’ line @ continues to
pulse while waiting for a response.

Generation of Port Clock Times

TGR 34567 8 910111213 ----BCD decode of circuit block output
X1 on FSL page PC526.
TGR X2 YIN]JY[Y|[N|N|N[Y|[Y|N
TGR X4 Y1Y YINIY
P
1 : -
C1X Lth YIN YIYIVIYINININTN Clock times = 200 ns
[ C02
Y =0n C12
N = Off C13
Blank = Don‘t Care c17
Time-out Clock
COF
Cc18
Phase A ] A Strobe SDR High Data
1/0 Instruction
A Strobe LSR Data
(not) Exit Loop 2 Lth A C06
Base Cycle Steal Lth OR
C16
(not) Exit Loop 1 Lth A
A Strobe SDR Low Data
T3 Lth o
TGR X1 L_
TER 3 — OR Port Busy
C1X Lth I
PC526
— The “exit loop 2’ latch @) is set (anded
condition of not service in, not multidevice
response, phase A, and C16 clock time)
and stops the port clock from looping.
— The ‘C1X latch @ is reset by the active
‘exit loop 2 Ith’ line, and the port clock
stops looping and continues on through
C02 and COO times to a wait state (C00).
~ TN o ™ ™ S, AN ™
N N ~— N - NS o N N N S N

Generation of Port Triggers

T3 Lth
TGR X8
TGR X2 OR

(not) Exit Loop 2 Lth

5-8

(not) Exit Loop 1 Lth

TGR X4

TGR X1

TGR X2

TGR X1

s—1N
L
TGR X4

(not) Phase A Powered

Reset Port Clock

During the first three 200-nanosecond extended
T3 times, storage data register low, storage
data register high, and local storage register O
(low) (of the correct interrupt level) are gated to
the port card @)). During the T3 times that
follow, the port gates the device address and
modifier on the "MPXPO bus out" lines .
activates the ‘control out pwrd’ line e and
sends a ‘strobe pwrd’ line @) out to the device
attachment. When the ‘control out pwrd’ line is
activated, the port clock loops (C07, COF, COE,
C06, CO7, and so on), sending out ‘strobe
pwrd’ pulses while waiting for the 1/0 device to
respond (or until a time-out occurs).

When the device responds, it places data on
the ‘MPXPO data in’ lines @ (indicates when
data is moved from the 1/0 attachment to the
control processor) and activates the "service in’
line @. The rise of the "service in’ line (or a
time-out) advances the port clock, and the port
activates the ‘advance time’ line @ to signal
the control processor clock to advance to time

A S FL TGR X1
R
TGR X2
S FL
TR C
o R
S FL TGR X4
lﬁ C
*f R
OR s FL TGR X8
*+Hic
R
PC534

T4 (select and gate LSR to channel @ @). The
system clock continues to advance normally to
time T6.

During time T6, the port sends the "service out
pwrd’ line @, which indicates that data is
ready to be sent or that data was received.

The ’strobe pwrd’ line 0 is again sent for the
1/0 device to use. The port clock loops with
the “service out pwrd’ line active, and the
"strobe pwrd’ pulses continue to be generated
whiie the port waits for the i/0 device o
respond (or a time-out to occur). The 1/0
device responds by taking the data off the
‘MPXPO bus out’ line (or if data was sent to
the control processor, by turning off the
'MPXPO data in’ lines) and by turning off the
‘service in’ line @. The port responds by
advancing the port clock to turn off the "service
out pwrd’ line § and then activates the
‘advance time’ line ° causing the control
processor clock to run again to time TO.
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Page -
T-Times pCc110 | T1 T2 T3 | T3A | T3B | Ext S i N ARy 4 —— ——t——|—— T4 T5 T6 T6 Ext |——— ——{- _t ¥ f——— a3 —— 70 T T2 T3 Ta4
C-Times PC526 | COO | COO | COO | CO9 | CO3 | CO7 | COF | COE | CO6 J}:o% COF | CoE | coe | c12 [ ci0o [ ci18 | c19 | €13 | €17 | CIF | C1E | c16 | €17 | CiF | ¢1E | c16 | co2 | coo | coo | coo | coo | coo
1/0 Instruction PC138 ) )
Trigger X1 PC524
Trigger X2 PC524
Trigger X4 PC524
Trigger X8 PC524 H_ _2 __e
C1X Latch PC518 ) 0
Advance Time PC518 m ‘) ‘L ‘AG
Clock SAR PC210 { 9— )¢ —
Storage Cycle PC012 ) L *

e SDR | SDR | LSR ' '

SBO to Chan PC502
MPXPO Bus Out PC506
Control Out Pwrd PC510 c) e L
Strobe Pwrd PC510
MPXPO Data In PC502 (€ ) *<°
Service In PC558 ) Ll
Service Out Pwrd PC510 J\ 0
Check DBI 0 ) ) s
Exit Loop 1 Lth PC518 l 0
Multidevice Response PC518 ‘) 2 i ﬁe
Exit Loop 2 Lth PC518 L DY) |@_+_T

Channel 59




Note: The circled letters on these pages refer to

the previous page.

Cycle Steal Latch

Strobe Pwrd Q Qo o

(not) Port Instruction OR
Any Port Instruction
TGRX4
C1X Latch N A
(not) Exit Loop 2 Latch oR Control Out Pwrd G
Blast Condition
OR Service Out Pwrd @G
(not) Exit Loop 1 Latch A
TGRX8 A
PC510
[Fand 1 ]
Data Buffer 0-7 and 2and 3] 1 D
2
3 c PH _ Port Instruction (device address = hex 00)
Strobe LSR Data ] L
S Bus Out 12-15 T2and 13 C N A Select CBO
ystem Bus Out 12- and 74 and 76 A D PH
R
(not) Port Busy Any Port Instruction (device address = hex xQ)
PC510

G 0 Service In

° 0 Multidevice Response

5-10

C1X Lth 00

(not) Multidevice Command OR OR
Blast Condition r
Phase A nA FL
Cco6 [ ° Exit Loop 1 Lth m
c18
(not) Port Busy OR

1N FL

_____I'r—__* Exit Loop 2 Lth @
C16 | L
System Reset OR
FL
OR
PC518
t ]
£ E e ~ SN ~

N o N ~

—



Storage Function

(

(

Control Storage Access

100-ns Osc Pwrd

Storage
Function

300-ns
Trigger

C FFM

S FL

R

Write
Trigger

System Reset

C FF

1CD

G1

Write Stg High

€ (

150-ns
Trigger

Write Stg Low

Board Tie-up

AxOR

PC012

Storage Cycle a

TGR X4

Port Instruction

Set Invalid Port Chk

Cc12

C02

Phase A

OR

(not) 1/0 Instruction

C18

PC518

(not) 1/0 Instruction

OR

(not) Cycle Steal Latch

FL

Co6

Advance Time me

Reset Port Clock

Phase A

(not) Any Port Instruction

OR

1/0 Instruction

PC522

(not) Advance Time

Phase A

(not) Valid Port Command

(not) Port Busy

—
=

Cycle Steal Latch

1/0 Instruction

TGR X1

System Reset

OR

ORJR

PC522

FL

T3 Lth;_ e

Channel

-~
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Data Buffer

The data buffer is used as an intermediate

5-12

h Load Data Buffer
storage register for all data that passes throug OR A
the channel and is .under control of-the port Strobe LSR Data
clock and channel control lines. Gate |/0 Bus Data
Buffer
[TEvrars fmr cord mart muabores | A G1 Reg
Except for card part numbers: | | G2
| 4238450, 4238452, or 4238466. | G3
SCSID (CBO = 000) |
| MPXPO Strobe A | SCSID A G4
Data Buffer 0-7
b ——— — MPXPO Data In 0-7, P ol
Strobe SDR Hi Data
. 2
CBI 1 Int System Bus Out Bits 8-15, P 1 411 Data Buffer Bit P
Stg Strobe Tgr A I —— Gy~ —— = 9 2
Disk Xfer Time I I | Stfeal- | 71 1
(not) CSY Powered L =1aA I o Priority lo 10 g
Command Bus Out Bit 0 ‘ 1 " 311
(not) Command Bus Out Bit 2 A 12 1112
c13 Load Data Buffer | 9 13 a
Port Reg Instr Load Pulse OR | | 411
Command Bus Out Bit 2 PC542 | 3 |4 12 2
ci12 A i 4 | 5|1
| 13| 3
(not) CBI Bit 1 | 5 5 =g
Base Cycle Steal Latch A | 6 l 141 3
| 6 4
| ! | 7] !
Multidevice Command A ‘
15| 3
| |7 3
| | P 1
. PC502 | P |2
l Except for card part numbers: | Port
Load Port Reg Instr £3ﬁ50_:4_2§8_‘§21 0|M12§§46_6_. B PC502 Register
06 A Clock Port Reg Clock Port Reg 5¢H
(not) Port Checks | | OR 1 1 G1
Select CBO G3
L1 A PC506 2 3 ) )
Select CBO 1 1 |04 Port Register Bits 0-4
CBO Bit0
- 3
CBOBit 1 3 5.7 Port Register Bits 5-7
CBO Bit 2 3 1-3
PC556
\ / - TN - p ~ -~ N N N ~ N o ” TN SN ™ T N



SBO Low 12
13
14
15

Inst
Mod
Reg
Bits 4—7

Instruction Decode

DCD

.

Port SBI
Bit Collector

PC506

MPXPO Bit
Collector

Select Port Reg
Any Port Instruction PC516 PC516
PC516
Select Data Buffer
Gate Select Channel Checks
Channel Checks o
Port Data Buffer Port Bus
Gate MPXPO Data In G1 Bit Collector
Gate SBO Data 8—11 G2 G1
Gate SBO Data 12—15 G3 G2
Gate Cycle Steal Priority 0-7, P G4 G3
SBO from System 8-15, P 3
o 8
Cycle Steal Priority 0-7 0 1
(Except for card part 9 24
numbers: 4238450, 1 1 Bits8-160r0-7 |,
4238452, or 4238466) 10 13
2 14
11 ],
3 14 Port Register
12 3
4
T4
> —3 1
1
4
14 3
2 5] 4
- 7 3
1
4
P 12
1
MPXPO from I/O 0-7,P
PC502 PC556 PC506

PC506

SBIl to
System

MPXPO
to 1/0

« («(

The port register is for diagnostic purposes and
stores the device address and 1/0 command.
When an error occurs, this information can be
stored in a local storage work register

and displayed on the CE panel.

(

(

(

« € C«

0 1 2 3 4 5 6 7 9 10

Scope Grid FsL 200ns

Page <+—
T-Times T3 |T3A|T3B|T3E| 4 5 6 0

PC110
C-Times 00 {09 |03 |07 |OF { OE| 06 | 00

PC526
Phase A PC110 f\,f\lf\)f\)f\»/\,f\z\/\, VAVVAY
1/0 Instruction PC138
Advance Time PC518 N\

PC526

Function Bits (SDR Lo)

Modifier Bits (SDR Hi) PC526

Dev Address (WRO Lo) PC526

Data (SBO Lo) PC230
Port Instr PC510
Load Data Bfr PC542

PC506

Clock Port Reg

A load port register instruction is used by the
diagnostic supervisor in diagnostic mode to
wrap the port register and check for correct
bits.

Channel
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Port Checks Register

Checks found by the port hardware are stored
in the port checks register and can be loaded
into a work register. These checks can then be
displayed by the byte O lights on the CE panel
by setting the Mode Selector switch to the Insn
Step/Dply Chks position.

Port Decodes

Interrupt/Cycle Steal Priority Control for
LSRs

The ‘irpt/CS LSR decode O, 1, and 2’ lines are
used to control local storage register selection
bits 0, 1, 2, while executing instructions and
during burst cycle steal or base cycle steal
operations. These lines permit selection of one
of the five groups of registers specified for
interrupts and burst mode. '

The interrupt and cycle steal indicators are used
to display the active interrupt.

The ‘interrupt req to run’ latch is used to take
the control processor out of the wait condition
(caused by the processor wait instruction) when
an interrupt request is found by the port.

Base Cycle Steal Latch

Irpt/CS LSR Decode 0

Irpt/CS LSR Decode 1

Irpt/CS LSR Decode 2

Interrupt Req to Run Lth

Microinterrupt Request 1
P q cD PH
—C
System Reset
— R
Disk Burst Mode Gated 1
(not) Expanded Cycle Trigger m OR"A
Level 2 Interrupt PH T @
CD _—
—C
OR P
* 1 OR*A
Microinterrupt R t3 ‘
icrointerrupt Reques cD PH +
L 2
L *c [
OR R
OR*A
N
Level 4 Interrupt [ L—D
co M N 1
L] H o] —
OR R
I -
Level 5 Interrupt Internal
co PH | OR
C 2 2
OR R
System Unit Lamp Test T OR
Machine Check Interrupt Lth :
Enable Interrupts *
e—— A"OR
(not) Run Latch PC532
Phase A T
* OR
T3 and Phase A |
Trigger X8
CSY Trigger to Channel
T7 Pwrd OR

Proc Interrupt 4

\é ﬁJ

Proc. Interrupt

CS/LSR

Decode Lights

210 4 21 Interrupt Level/Cycle Steal
000 111 0 (machine check)
010 001 1 or Burst cycle steal
011 010 2

100 011 3

110 100 4 or Base cycle steal

1T 11 101 5

000 000 Main level

—

Proc Interrupt 2

Proc Interrupt 1

5-14
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Control processor instructions to the 1/0
attachment are decoded from the ‘system bus
out (low)’ lines and then sent to the 1/0
attachment as a command on the ‘'command
bus out’ lines. The commands are decoded as
follows:

® |/O immediate instruction

1/0 load (IOL)

1/0 sense (10S)

1/0 control load (10CL)

1/0 control sense (1I0CS)

Sense interrupt level status byte (SILSB)

|

® |/O storage instruction

1/0O store to control storage (RDCL, RDCH)
1/0 load from control storage (WTCL, WTCH)
1/O store to main storage (RDM)

1/0 load from main storage (WTM)

|

Bits
8-11

0000
0100
1000
1100
0101

Bits
8-11

011X
001X
010X
000X

CBO
0-2

100
101
110
M
001

CcBO
0-2

100
101
100
101

Note: These instructions have the same command to the 1/0O attachment as a load or sense in

the 1/0 immediate instruction.

® Jump on I/O condition instruction (bits 0-3)

|

command and sent to the 1/0 attachment.

— — — — — — — — — — —— — —— —— — — — v—— —— — — —

then there is:

® Base cycle steal operation

— Sense cycle steal identification
— Cycle steal data transfer

L——_—-——-—-————_———-—_—————_————

The op code is decoded as a jump-on-1/0-condition

Bits
8-11

0011

CBO

Port Clock = 545

Phase A

1/0 Instruction

System Bus Out Bit 8

(

System Bus Out Bit 11

«

« € € € C C C ¢

Strobe SDR Hi Data

T3 Latch

(not) New Base Chan Busy

(not) Cycle Steal Latch

(not) Multidevice Command

Strobe SDR Lo Data

Port Clock = 11

Cycle Steal Latch

Strobe LSR Data

System Bus Out Bit 9

JIO
PH
CD PHle—
A . NT 1A CBO 0
—
r R
CD PH CBO 1
- C
R See note
A I_
il
(SI PH CBO 2
CD
or|R
PC542

Note: Use this configuration unless card part number
4238450, 4238452, or 4238466 is installed.

CD PH
C

SCSID ]

Channel 5-15



CONTROL PROCESSOR/PORT
CONTROLS

Port to Control Processor Lines

System Bus In—Nine Lines

This bus is 1 byte wide and moves data from
the 1/0 device/port to the control processor
during 1/0 sense and cycle steal operations.

Storage Cycle Request—One Line

This line signals the control processor to start
the storage access sequence during a cycle
steal mode operation.

Advance Time—One Line

This signal informs the control processor clocks
to continue when stopped in either time T3 or
time T6 of an 1/0 instruction or at time T3 for
register control or main storage access
instructions.

Block Processor Clock (BPC Tgr)-One Line

This signal comes from the port and stops the
control processor from processing instructions
so that a burst cycle steal or a base cycle steal
mode operation can be performed.

Interrupt/Cycle Steal LSR Decode-Three
Lines

These lines control local storage register
selection bits O, 1, and 2 during instruction and
cycle steal processing. This permits selection of
one of the five groups of registers assigned to
microinterrupts and cycle steals.

CBI Bit 4 Gated-One Line

This line indicates that:

« Control storage is to be selected during a

cycle steal.

« The condition specified by the

jump-on-1/0-condition instruction is met.

« Parity on the "MPXPO data in’ lines is to be

ignored.
BPC Tgr
A
Command Bus In 4
A
c12

New Base Chan Busy

S

R

New Channel Check—One Line

This line is sent from the port to inform the

PC510

control processor that the check has been

sensed.

System Bus Out P Check

Invalid Port Latch

DBIi/CBI Not Zero Chk

1/0 Time-out Check

OR

Channel Check

Proc Interrupt 1, 2, 4-Three Lines

These indicators display the active interrupt
level on the CE panel.

1/0 Service Request—One Line

This line is reserved.

Interrupt Request to Run Latch—One Line

This line takes the control processor out of the
wait state (caused by the control processor wait
instruction) when a microinterrupt request is
sensed by the port.

OR Comrnand Bus In Bit 4 Gated

DBI! P Check

Invalid Device Assn

DBO P Check

PC506

- ] New Port Checks

~

Control Processor to Port Lines

T4 Through T6—One Line

This line is a timing signal that occurs for the
last part of an instruction. This signal is not
present during a branch instruction.

System Bus Out—Nine Lines

This bus is 1 byte wide and goes from the
control processor through the correct gates.
The port can receive data from either control
storage or main storage or the control
processor local storage registers as needed
during cycle steal and I/0O command
operations.

1/0 Instruction—One Line

This line is active during a jump on 1/0
condition, 1/0 storage, or |/0 immediate
instruction from time T3 through time T6 of the
control processor cycle.

Phase A-One Line

This is a signal from the control processor
control card, which is 100 nanoseconds off and
on. It becomes active 50 nanoseconds after the
associated control processor clock becomes
active.

5-16

Machine Check Interrupt—One Line

This line becomes active when there is an
active check condition to the control processor.

CSY Trigger—One Line

This line becomes active 100 nanoseconds after
the storage clocks in the control processor have
started to run. The timing width is 300
nanoseconds. This signal resets a cycle steal
request if the device that requested the cycle
steal is being serviced.

System Reset—One Line

This line indicates to the attachment that all
logic should be initialized to a start condition.
This line becomes active during the power on
reset condition or when the Reset switch on the
CE panel is pressed. It is also activated when
the Load switch on the operator panel is
pressed. This reset is active for as long as
either switch is pressed.

T7-One Line

This line signals the port that the control
processor is in a wait state. The control
processor can process a cycle steal or interrupt
request during this time.

Lamp Test—One Line

This signal is generated at the CE panel and the
channel activates the interrupt LED circuits.
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PORT/ATTACHMENT CONTROLS

Port to Attachment Lines

MPXPO Bus Out-Nine Lines

These lines are used to transmit to the
attachment:

- Device address/modifier bits

« Microinterrupt level/modifier bits
« Cycle steal acknowledge codes

« Control processor/storage data

« Port echoes during I/0 sense and control
sense functions

A parity bit is used to maintain odd parity on all
moves to the attachment except when the
interface is in even parity mode.

The "MPXPO bus out’ lines are deskewed and
are maintained to be valid from the time the
‘control out pwrd’ ('service out pwrd’) line is
made active by the port until the I/0
attachment de-activates the “service in’ line,
which is sensed by the port.

Notes:

1. The port echoes the bits of the data/status
byte on the ‘MPXPQ bus out’ lines as
received during a sense operation. The
information can be used by the attachment
to reset data/status indicators if needed.
(This may be used as a reverse interface
wrap for diagnostics.)

2. Contents of the bus lines, when control lines
are not active, may not be correct and must
not be used.

3. Even if data (Note 1) contains wrong parity
(CBI bit 4 active), the port will generate valid
parity on the echo data. The port will
maintain odd parity during the
jump-on-1/0-condition instruction “service
out pwrd’ line request.

C C ¢ € € (

Control Out Pwrd—-One Line

The rise of this line indicates that the ‘"MPXPO
bus out’ and the ‘command bus out’ lines can
be strobed. The line ensures that the data on
the "MPXPO bus out” and ‘command bus out’
lines is valid and has been deskewed by the
interface.

Once the I/0 attachment makes the "service in’
line not active, the "MPXPO bus out’ lines are
not valid and should no longer be strobed.

The ‘control out pwrd’ line, together with the
"service out pwrd’ line, indicates a blast
condition, which forces all attachments off the

port interface.

The attachment must degate any information
on:

« Command bus in
« MPXPO data in
« Service in

« Multidevice response

Service Out Pwrd-One Line

If data was sent to the port by the 1/0
attachment, the ‘service out pwrd’ line signals
the attachment that the port is completed with
the data and the ending sequence can be
started. That is, the ‘service in’ line and any

input data to the port can now be de-activated.

If data is being sent from the port to the 1/0
attachment, the “service out pwrd’ line signals
the attachment that the "MPXPO bus out’ line
contains valid data and can now be strobed.
Once the 1/0 device attachment de-activates
the ’service in’ line, the "MPXPO bus out’ lines
should no longer be strobed.

Outgoing lines, such as the ‘'MPXPO bus out’
and the ‘transfer error’ lines, are deskewed by
the port before the rise of the “service out
pwrd’ line.

Command Bus Out 0, 1, 2-Three Lines

The ‘command bus out’ lines are valid at the
interface from the rise of the ‘control out pwrd’
line until the fall of the ‘service out pwrd’ line at
the port. The ‘command bus out’ line, together
with the ‘control out pwrd’ line, indicates which
data is on the ‘"MPXPO bus out’ lines. The
attachment operator who recognizes his code
responds by making the ‘service in’ line active
with the correct information gated on the
"MPXPO data in" and ‘command bus in’ lines.

The ‘command bus out’ lines are defined as
follows (except for card part number 4238450,
4238452, or 4238466):

Bits
012

00O Sense Cycle Steal Identification—
Determines which device is
requesting a base cycle steal.

00 1 Sense Interrupt Status—
Determines which devices are
requesting service on a given
microinterrupt level.

010 Cycle Steal Response—The attachment
cycle steal request is being
serviced.

011 Jump-The control processor jumps if
the 1/0 attachment responds with
the jump on /0 condition met.

100 Load-Data is gated from the control
processor LSR, control storage, or
main storage.

101 Sense—Data is written into control
storage, main storage, or the control
processor LSR.

110 Control Load—Data is gated from the
control processor LSR.

111 Control Sense—Data is written into
the control processor LSR.

Strobe Pwrd-One Line

Note: All times shown below are for reference
only. Operation of the system does not rely on
these times, but on the sequence of these
signals. This is a pulse that comes on 200
nanoseconds after the "control out

pwrd’ /’service out pwrd’ lines and pulses with

a cycle of 800 nanoseconds and a length of

400 nanoseconds. This pulse de-activates after

the rise/fall of the last ‘service in’ or

‘multidevice response’ line. A full pulse width

is maintained. This pulse will rely on the device

usage as follows:

1. If the device uses this line to generate the
‘service in’ line, the system will operate in a
synchronized mode.

2. This line should be used by the I/0
attachment to generate the correct data
strobes/timing for loading information from
the port and supply the needed gate/deskew
timing for the port "MPXPO data in’/'system
bus in’ lines before the rise/fall of the
‘service in’ line.

Data on the "MPXPO bus out’ lines will remain
valid from the trailing edge of the last “strobe
pwrd’ line for 100 nanoseconds. This will
permit the last strobe to clock information into
registers, latches, and so on.

Transfer Error-One Line

This dual-purpose line indicates a transfer error
or a jump on I/0 condition met echo ("JIO
echo’ line).

An active 'transfer error’ line indicates to the
attachment that not valid parity was sensed on
the port or in the control processor. This line
will not be activated during the ‘command bus
out’ codes 5 and 7 when the I/0 attachment
makes active the ‘CBI 4 gated’ line (indicating
not valid parity on the "MPXPO data in’ lines).
It also will not be activated for the ‘command
bus out’ code 1 (multidevice response).

A jump on 1/0 condition met echo (‘JIO echo’
line) indicates to the attachment that the control
processor received the ‘CBIl 4 gated’ line and
the jump will be taken by the control processor.
This enables testing of asynchronous 1/0
attachment conditions with the
jump-on-1/0-condition instruction, and the
attachment does not need to latch this line
before making the "service in’ line active.
Removal of this line follows the rules for all
data and command lines.

Disk Burst Mode Gated—One Line

This line is active when the data moved is for
the disk. The signal is activated by the port in
response to the ‘disk/dskt block processor
clock’ line when the control processor/port
determines that the disk may start a burst mode
operation (time T7 and the ‘disk/dskt block
processor clock’ line and the port are not busy).

The signal will remain active until the "disk/dskt
block processor clock’ line is de-activated. The
‘disk burst mode gated’ signal must be used to
degate/gate the correct “system bus in’ signals
into the control processor. When this signal is
active, and not before, the disk can start its
requested burst cycle.

Disk Strobe—One Line

This line becomes active at the trailing edge of
a disk storage cycle with a length of 100-230
nanoseconds. On a storage-to-disk operation
(CBI bit 1 active), data is valid at the disk
attachment approximately 50 nanoseconds after
the trailing edge of the ‘CSY trigger’ signal and
should remain valid until the next disk storage
cycle or until the "disk/dskt block processor
clock’ line de-activates.

CSY Trigger—One Line

This line becomes active 100 nanoseconds after
the storage clocks in the control processor have
started to run. The timing width is 300
nanoseconds. This signal is used to reset a
cycle steal request if the device that has
requested the cycle steal is being serviced.

Channel 5-17



Attachment to Port Lines

MPXPO Data In-Nine Lines

These lines send data from the attachment to
the port during 1/0 sense and cycle steal sense
operations.

A parity bit is generated by the attachment to
maintain odd parity for 1/0 sense and cycle
steal sense. Data parity is checked unless the
device activates the "CBI bit 4’ line (not valid
parity in). During cycle steal, the attachment
always sends valid parity on the ‘"MPXPO data
in’ lines. (The 'CBI bit 4’ line has more than
one purpose and is interpreted as a control
storage move operation during cycle steal.)

During an 1/0 sense or cycle steal sense
operation, when the parity is valid, the port
‘MPXPO data in’ lines must be held stable from
the rise of the 'service in’ line, when activated
by the attachment, until the rise of the “service
out pwrd’ line.

During an interrupt sense operation, the
microinterrupt status bit must be held stable
from the rise of the ‘service in’ line and the
"multidevice response’ lines, until the rise of the
‘service out pwrd’ line.

Service In-One Line

All Operations

This line should be activated by the rise of the
‘strobe pwrd’ line and is used by the addressed
attachment to signal the port that the command
byte has been received by the attachment. If
the command is a sense operation or cycle
steal, this line informs the port that sense
information is available to be strobed.

When the attachment de-activates the 'service
in’ line, it should no longer sample the ‘"MPXPO
bus out’ lines. The 1/0 attachment should not
sample the ‘command bus out’ lines after it
de-activates the 'service in’ line.

Attachment To Port 'Service In'" Change

When data is sent to the port, the data must be
valid by the time the last ‘strobe pwrd’ pulse
under the "control out pwrd’ line is de-activated
(all measurements are made at the port card tab
pins). All incoming lines must remain valid until
the 'service out pwrd’ line is sensed by the 1/0
attachment and must be de-activated by the
attachment before de-activating the "service in’
line. An exception to the above rules is
permitted on 1/0 sense, |/0 control sense, and
jump on |/0 condition commands; on these
commands, all lines must be removed by the
1/0 attachment (as seen at the channel tab
pins) by the time the last 'strobe pwrd’ line
pulse de-activates (as seen at the channel tab
pins).

Port to Attachment

When data is moved from the control
processor, a local storage register, or control
storage, the rise of the ‘service in’ line indicates
that the command was received and the 1/0
attachment is ready to receive the second byte
of information. If the operation is a cycle steal,
it indicates that the cycle steal ‘command bus
in’ lines are valid. When the ’service out pwrd’
line has been received and the "MPXPO bus
out’ lines have been strobed, the 1/0
attachment de-activates the “service in’ line.

Time-out Conditions

If the addressed device is not on the system, or
if the "MPXPO bus out’ lines contain bad parity,
none of the devices will answer the control out
sequence. The port will time-out for such
conditions. When the time-out sequence (5.4
microseconds) is completed, a not valid device
address (bit 1) is set in the port checks register.
A ’blast condition’ line in the port ciears aii the
incoming data and control lines from the 1/0
attachments.

If the addressed device first responds with a
‘service in’ line but fails to de-activate the
‘service in’ line when receiving a "service out
pwrd’ line after a set length of time (5.4
microseconds), the port will time out. This
condition is set in the port checks register, and
the port uses a ‘'blast condition’ line to clear all

incoming data and control lines.
N /,f'”“\\y VRN Ve ™ N TN

Microinterrupt Request—Five Lines

An interrupt is started by a device through its -
1/ 0O attachment when the device needs a
program response.

To ensure correct channel operation, this line
should be reset by an 1/0 load or 1/O control
load function before de-activating the "service
in’ line. Removal of an active request should
follow the rules for degating port data and
command lines.

Multidevice Response—One Line

This line is always held not active (minus) by
each device. When a multidevice command
occurs, this line, along with the 'service in’ line,
is used by the port to indicate when the last
device on the port has received the command.

In response to the ‘control out pwrd and the
‘command bus out’ lines that identify a
multidevice command, the device will decode
the modifier field to see if the command is for
the device. If information is needed from the
device, the data is gated to the ‘"MPXPO data
in’ lines and the device activates the
"multidevice response’ and 'service in’ lines.
Devices that do not respond with data are still
needed to activate the ‘'multidevice response’
and the ‘service in’ lines. When receiving the
‘service out’ line, the device must degate this
data in and have zero skew relative to removal
of the ’service in’ line (if data was gated in) and
de-activate the ‘multidevice response’ line.

Base Cycle Steal Request-Two Lines

The ‘base cycle steal request’ lines support |/0
attachments that have cycle steal ability and are
connected to the port.

The 1/0 attachment makes active its ‘base

cycle steal request’ line to start a cycle steal
operation. This line should de-activate when the
I/O attachment recognizes its acknowledge
code on the ‘"MPXPO bus out’ lines and before
responding with the service in’ line.

Disk/Dskt Block Processor Clock-One Line

This signal is active when the disk is moving
data from or to storage.

Disk/Dskt (Load) BC Req—One Line

This line is used by the disk attachment to start
burst cycle steal operations. It is also used by
the diskette during the control storage initial
program load (CSIPL) sequence and by the
diskette level 2 attachment to start cycle steal
operations.

Command Bus In (Bits 0, 1, 2, 3, 4, 5)-Six
Lines

Bits O, 1, 2, and 3 of the CBI are used to
control the cycle steal operation and LSR
selection. Bit 4 is a multiusage line. It indicates
that the device is cycle stealing into or out of
control storage, that "MPXPO data in’ lines
contain valid parity during a sense command, or
that the jump on I/0 condition has been met.
When the device is cycle stealing into or out of
control storage, the low byte is selected by the
CBI bit 0. This bit also controls the address
update. Bit 5 indicates that the device has
detected invalid parity on the "MPXPO bus out’

lines.
Bits
012345
00 'Cycle steal sense—No increment address
01 'Cycle steal load—No increment address
10 'Cycle steal sense—Increment address
11 'Cycle steal load—Increment address
00 'Cycle steal LSR select 0
01 'Cycle steal LSR select 1
10 "Cycle steal LSR select 2
11 'Cycle steal LSR select 3 :

1 Control storage/ MPXPO data in has invalid
parity or jump on |/O condition met
1 MPXPO data out parity check

'May be either burst cycle steal mode or base cycle steal mode

5-18

Direct Lines— Control
Processor/Attachments

Power On Reset—One Line

This line is active when the Power switch on
the operator panel is off. When the Power
switch is turned on, this line remains active for
1 to 2 seconds and then becomes not active
until the Power switch is turned off.

System Reset—-One Line

This line indicates to the 1/0 attachment that all
logic should be initialized to a start condition.
This line becomes active during power on reset,
or when the Reset switch on the CE panel is
pressed or when the Load switch on the
operator panel is pressed.

Control Storage Initial Program Load (CSIPL)
Latch—-One Line

This line, together with the CSIPL switch on the
CE panel, is decoded by the disk or diskette to
determine which device enters data during
initialization.

CSIPL Cycle-One Line

The active state of this line selects the diskette,
and the not active state selects the disk during
the initial program ioad (IPL) sequence.

Interface Clock Times—Eight Lines

These lines go from the control processor to
the 1/0 attachments and provide clock times to
gate and control attachment functions. The
clock lines are as follows:

« 100 ns

e 1us

« 4upus

« 512 us

« 1.02ms
. 16.38 ms
« 1311 ms

« 1,048 ms
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OPERATIONS

Burst Cycle Steal Mode

The system uses a burst mode data
transmission to support the high data rate of
the disk.

The disk attachment activates the "disk/dskt
block processor clock’ line, which forces the
control processor to time T7. (If the control
processor is executing an instruction, time T7
does not become active until the instruction is
completed.)

Once time T7 is active, the port makes active

the "disk burst mode gated’ line and then the
‘command bus in’ line will be correctly set.

Disk Support Timing

Control Processor Cycles

When time T7 and the ‘disk burst mode gated’

line are both active, the disk attachment
activates the "disk/dskt (load) BC req’ line and
puts the first byte of data on the 'data bus in’
lines (incoming operation). The rise of the
"disk/dskt (load) BC req’ line while the

"disk /dskt block processor clock’ line is active
generates a 'storage cycle request’ line which,
in turn, generates time T8 (clock SAR and
X-reg). The burst cycle starts and the rise of
the ‘CSY trigger’ line latches the data in the
data buffer. This data is gated to the ‘system
bus in’ lines and from there into the storage
address indicated by the contents of the
storage address register. Each time the

"disk /dskt (load) BC req’ line is active, a byte of

Disk/Dskt Block Processor Clock
Disk Burst Mode Request

Disk/Dskt {Load) BC Req!

CSY Trigger

data is moved. If the 'disk/dskt (load) BC req’

line is kept active, the control processor
continues to take storage cycles at the
maximum data transmission rate.

While data is being moved to the disk, the "disk
strobe’ line clocks the data from the port data

buffer into the data buffer in the disk
attachment. The disk attachment then writes
the data on the disk.

The diskette forces burst mode during CSIPL
when loading the first 2K words from the
diagnostic diskettes.

Command Bus In
MPXPO Data In

Data Out Valid to Disk

1BC = Burst Cycle
Disk Support Lines

Base Cycle Steal Latch

 EIETETTNG -
774774/ 77

- IRERFR WS
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Disk/Dskt Block Processor Clock

Disk Burst Mode Gated /)

System Reset

Phase A

Base Cycle Steal Request

/\D

(not) Machine Check Interrupt

CSY Trigger

Stg Strobe Trigger

Test 5 Channel CD

|
Disk/Dskt (Load) BC Req | A*OR

Expanded Cycle Steal Req

Expanded Cycle Tgr

Cc12

N H
—— OR
R
PC534
OR Latched
A A s FL| Block Processor Clock (BPC tgr)
R
FF PC508
cD Disk Strobe
H N C A -
[ R
PC508
ARBS FL .
? S Disk Transfer Time
/ OR
N L ®
A BR
PC508
A Storage Cycle Request
CD FF
(o
S
R
R
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Channel
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Burst Cycle Steal Mode (Operational Sequence)

Disk/Dskt Block Processor N
Clock CHO09 9 ) - {0
A\ //
CP Clks Active ) N _—
. { j)
T7 Pwrd PC110_ ) ( / { L
Disk/Dskt (Load) BC Req CH009 y )
{ ¢ ( ﬁ X H \ ( P N
B} Disk Burst Mode Gated PC534 ) - - .
e N
N
B Storage Cycle Req PC508 44 N,
(¢ -
Clock SAR and X Reg (T8) PC142 4y,
¢
B} csY Trigger PCO30 ), )
—( (
Storage Strobe Tgr PC508 .
U [ \
Strobe Pwrd PC510 )
(
B} Read/Write & LSR Select PC230 ) SN
i ! )
Sys Bus Out Data Valid® I v/
(¢
Sys Bus In Data Valid? ) N
1{ )
N

! Data is moved from the control processor to the disk.
Data is moved to the control processor from the disk.

CP Data Flow Card A-A1H2 (A-A1E2 on Level 2 Board)

Board Tiedown |- _T__ ! FSL AE040 (Level 1 Board Only)
Siorae BusBu Lo? | L

Storage Bus Bit 15

14 " S

13 l

12

" v \ 4 P
N

10

9 Parit
s SDR Hi aty SDR Lo 1 5oR P Check S/

Storage Bus Bit Hi P
Storage Bus Bit 7 .
N
1, {
{ Stg Gate Hi Gen P Bit \. /
44 222!

1 Parity
CSY Tgr New b— —

Reset SDR Hi p— ————— Stg Gt J
Hi Lo

c4NnwaL®

Stg Gt 2 _{ StgGate P Check £ N
Sys Bus in Bit P 1 Stg Gate Low Gen P Bit /
15 )
I 2 | Sys Bus Out Low P1

:; - W] svs Bus Out Low P2
10 .
10 I

10
|

Driver { \
Sys Bus Out 8it 8 N /
° -

8
A v 0
Stg Gt Hi Bit 0 Fixed 2 8 n
Stg Gt Hi Sel Bit 1 X Hi Reg Y Hi Reg X Lo Reg Y Lo Reg 2
Sta Gt Lo Bit 0 2 L 13 VRN
Sig Gt Lo Bit 1 +5V K 1 1 14 | ;
f‘l WS . 15 NS
Board Tieup . -
1 |
Board Tieup @ ‘ r ﬁ r
T
s Y_m_hsv c
andPhase A | arry
BB ok saRana x Reg
1
¥
1

g
|-

ALU Hi ALU Lo -

Special Sys Rst

Select Stg Gate Data —

ALU Func B O
1 i \
2 Oriver ‘1 - —{ Pty Predict Carry Out Hi 4 J
3 P 1 LN S/
) I ¥ - {22} ot \

Parity

Carry In

1
+| ALU Error

3

All Ones Low -
ALU Gt Hi ‘ ALU Gt Lo 2 1 acwzero FOERN
1 Carry or Ones ;

16 Bit ALU Operation |- . ;
LSR Address Bit I l Sys Bus Out Bit 0 °
1 1 1
|
3 ;
5 \
New LSR Addr Bit 4

Wnte LSA Lo | 7
Write LSR Hi |- Sys Bus Out Hi Bit P

ALU Gate Mi/Lo Sel 0
1

2

-

©

y
O v EwN -
y ™,

CP System Control Card A-A1G1 {A-A1D2 on Level 2 Board)
FSL AE030 {Level 1 Board Only)

Storage Bus Bit 0 ——————— .
) !_ | | ALY 4 | Ayurunceno /
2 - " wmor 1] Function !
3 ‘—"r__.; Bits ; 2 o
a T1/T2 ] 3
—_— ! : —
: — | S— 2 ] Ciocked MOR P Check
° — ™ Sense/Load MSP Registers PN
C . N
BitP H L2 ——{ T3 andPhase A { i
DU EEEE— ' 4
Storage Bus Bit 8 ! - 1 -
o r:ol T - — | T4 Theu T6
10 1
nl oo l——., Tmes P *‘—‘—.{ AIZTN ;|
: L = Lo
I - Stg Stg Gt Mi Bit 0 Fixed i
1 Gate 5 | ResetSDRHi <
Storage Bus Bit Lo P Bits Stg Gate #4i Sel 8it 1 i
1 Stg Gate Lo 8it 0
100 ns Osc Pwrd }——1—— Stg Gate Lo Bit 1
Speciat Sys Rst ’— —e T
/ \
RunlatchOCD | 2 . \
B storae Cycte Reauest | L‘—— § /
1 o
Branch Cond Met | 1
>~ -l .
Command Bus in Bit 4 Gated |1 4 g’“‘m‘ ! Control Storage Access
or. )
BPC Tor } ! 1! d Acc:?se —={ Single Cycle RN
CBI Bt 1 Cycle Steal Read | { —e 3 ALU Gate Hi/Lo Sel O ;‘v )
1
CBI Bit 0 Cycle Steal incr }—’ [ 2 fag ,,,/
Mode Setector Sw Bt 1 | 3 2‘;“: 1 3 Write Stg Hi
;’ I T Hi/Lo Write Stg Lo
o ;
ot L 4 Write _ 16 Bit ALU Operation e .
ntrol Storage Sw } T Stg I {0 i / \
K 7
Storage Function Tk e
y 3 ‘ —
p—o] Select Storage Gate Data
Carry in ! carryin
1
Z Clock —{ Clock SAR and X Reg B Ve .
Carry Loy PCR 814 | SAR »——}—J X )
/
L /
Clock CS 3 I chu 1SR Lg
Write LSR 1 Write LSR Hi PR
Hiflo Clock ALU Gate Check Tgr ( \
] 1 T " J
_ ——————={ Clock Stg Gate Check Gated
K I | 1
Clock = T5 Not Display Storage
CSY Tgr New | 2 . Stg 2 Status Card 2/1 - ~
Advance Time from Channel | ciau.; i New LSR Addr Bit 4 { )
= eCl A /
INT/CS LSR Decode D | 5 b I LSR Address Bit 0 S
2 i s ;
1 a
Address Switch 3-48it2 ] 2 3 e
Address Switch 3—4 Bit 3 LSR s s R
3 Status Sel 0 { \
MC Interrupt Lth l;dg;:ss i 1 N J
New CSIPL Cycle ] 4 Sel t : o
CB1 Bit 2 Cycle Steal Adr Sel 0 ect 2 | Stetus Function 0
] 1

81 Bit 3 Cycle Steal Adr Sel 1
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Port 0
811 Disk Attachment
J 1/0 Conditi > )
jump on ondition, B
Function Command Bus Out 02 Command Bus Out g
1/0 Immediate S——— »
% Decode :
Base CycleSteal (¢ ps " Port Register ©
0 Disk Strobe 110 Command =
Device 7 Pard 1 Channel B o QO
Address/ rd Controls ccode
Data L Cycle
3 - Disk Burst Mode Gated <] Steal
Data Buffer =" — o (B 1 s
Sys Bus Out 0 Command/ +CSY Trigger e [ ( % R
Bits 815, P1 811 |0 Disk Block BE B )
13 evice Data lock
B _3 o | Address/ jmma 7 | mPxPO Bus OutBis0-7 [ Processor Clock ¢ § ¢ —4 |~
J Data Bus Out L.
Data 8 s > ————— .
3 g [
————— 8 G
E 12_15 {4 fors = o | ]
bemam—>| \1olifior I -« Sense 1/0 Sense | [1/0 Load
Sl Data — ::"I‘fo interrupt | | Control | | Controt
- 7
10 I Condition Is.levlel Sense Load
Instruction I L ) atus
{ Y L(T Service In CBi Bit4 Byte 10 Storage] /0 Storage L ﬁ 1
| BN DI B -
Command Bus In 0-5 Command Bus In 0! > us 1n
——— ¢ ~ i
- T ~ [5] T 7 Data Buffer
Port T
. e Checks s l Disk Burst Cycle Request h g T
CBI Bit Register : Read
i o
RIS ‘L r . N
. Control Out Pwrd
Cycie Steal Strobe Pwrd /Service Out Pwrd | "
—4t — Diagnostic SERDES Disk
. Mode :
R | Port — —~ T
_————6 ——] Control H — Write
I s )
T I Port Statws - MPXPO Bus Out Bit P
1 L — —
7
X Port Clock §
| Control | SN ——
I I Advance Time Cock |3 ( f ¢
£ Decodes a y —— Interrupt
] { s Level
7 Interrupts 1N BRI Data S\e::ﬂ vo
Bus In o Control
MPXPO Data In Bits 07, P o e &l Busin Assembler _ Sense
m :Eystem Bus In Bits 815 pos] s I e
PC = Parity Check
PG = Parity Generate
CP Port Card A-A1L2 (A-ATH2 on Level 2 Board)
FSL AEQ70 (Level 1 Board Only)
8.19 ms Clock l )
ipt Request 4 i
Inte: t Level 5 Req 3 .
e Function 3 | Command Bus Out Bit 0
Sys Bus Out Bit 8 4 811 Decode : 1
9 o
a 2
10 ad S I
1n
B .
13
14 - ;
15 CS Priority
Sys Bus Out Low P1 0 Port Register
-
Data Buffer Device
7 4 0-3 . [o 1 Address/
o - ] Sy Data MPXPO Bus Out Bit 0
I — Device 1
System Reset |- e Address/  pumm— 2
m— ¥'Data E 3
A BO/
B vewo— 5 - % " M
a2
3 6
Response | 2 4 7
MPXPO Data In 0 —4 m T Al Svs Bus In Bit 8
1 ——) if — > Gate e
: Modifier/ > 3 10
Data 8
3 3 4-7,P a e n
a — ' » g 12
5 13
o 7 Port Checks jumy 14
7 2 Register 15
14
1 | New Channel Check
L
Command Bus In 4 | —————— 1 ] Control Out Pwra
Command Bus In 5 } j { ] l i 1 BPC Tgr
1 : .
Service In } ) Cycle l § Command Bus In Bit 4 Gated
9 Steal Disk Strobe -
CBI'8it 1 Cycle Steat Read } B 5 Storage Cycle Request
. Xter Error Gated or J10 Echo
CB1 Bit 2 Cycle Steal Adr Sel 0 |- Port I Service Out Pwrd
r Control Strobe Pwrd
Disk/Dskt (Load) BC Req |———-—3 Port Status
New Base Cycle Req T’ & 2 .
Bl DiskDske Block Processor Clock T 9 3 Advance Time from Channel
01d Base Cycle Steal Request - Port Clock Svs Bus In 8 P
" Con )
MC Interrupt Lth 2 trol MPXPO Bus Out Bit P
Phase A l 5
CSY Tgr to Channel ] B INT/CS LSR Decode 0
POR or Reset Key " | '! 1
Microinterrupt Request 1 Clock 2
2 Decodes Interrupt Req to Run Lth
3f - 6 4 Proc interrupt 1
System Unit Lamp Test 2
Enable Interrupt 10 ]
Run Latch OCD interrupts
T3 and Phase A 2 ! Disk Burst Mode Gated [}
Board Tiedown 3 ¥ I .
|
New Base Cycle Steal Request | ¢ | Not Used
CP Storage Control Card A-A1F2 (A-A1C2 on Level 2 Board)
FSL AE020 {Level 1 Board Only)
L1
MSP Clocks Stopped | MSP |
. Run | MSP Run Indicator
System Unit Lamp Test F‘ Indicator
Display SBO Bit 8
Sys Bus Out Hi Bit 0 9
1 10
2 Displ 9 n
8 isplay o 12
: - :
5 9 R . Bits 14
6 > ] 15
4 15 s
I P sar SAR Bit 17;
Sys Bus Qut Lo Bit 8 0 8
9 0 9
o 10
10 "
" 9 g Parity 12
12 v Gen 0 13
13 Address 14
i 1 and 15
15 SAR
P 15 3
Checking
2 ] i s1g Address Chi
1 | Ct1 Stg SAR P Chk
L
16K Jumper = 0 and 1 Jumper |
Jumper pin 0| Card Sebect 0-16K CS.
'?C:,_ D I] [’ tocation > o
—_ < pdd dl Not Used
Not Used
Card 10 csx 1
Select csx 2
csx 3
LI__JJLI csx 4
1 csy 1
Clock SAR and X Reg | — — csy 2
Bit2 CSY Tgr New
MS CSY Tgr Signal l 3 4 CSY Tor to Channe! [l
TS Not Display Stg csy Write MSP Register
Sense/l_vad MSP Registers l T 8K Group Select
Contro! Storage Access }__1— 9r ,
) 1 Storage Cycle 00ns L o 100 ns Osc Pwrd
Storage Function Osc
Check Run Switch | 2 Storage
write Sta Clock 150 s 2 | €5 Write Pulse High
Write Stg Lo 57' | €S Write Pulse Low
100 ns Osc Pwrd gi' : 3 Advance Clock From Channel
Write Main Storage
CP Clock SAR Gated
. ! raai
Main Stg Op Tgr
MSP Write Main Storage | 2 Main Stg 1
1/0 Instruction | Op Tgr
Phase A |1 + System Reset 1 I System Reset
Lo
Bl?(;":g‘r Sys New CSIPL Cycle
Processor Check | g - Rat 5 fpuirisintl
POR or Reset Key Transter Comphete
Load Key Pressed int Sys Rt
Load Key Released Soecel



N le Steal Mode
P
b\ Basecycese ”'\ccccccccccccccccccccccccccccccc c ¢
lb CTimes (port clock) Pc525'0 0 00 0 0 00 00 000 0O 0O0 00 00 0 1 1 1 1 1 1 1 1 1 0o o
o o 0 0 0 0 o0 o 0 o0 0 9 3 7 F E 6 7 F E 6 2 0 8 9 3 7 F E 6 Q o
Data can be moved between storage and a - —
device attached to the port by the base cycle ase Cycle St et cHoos 1 __J\ I
. N
steal mode of operation. The port and | /0 Block Processor Clock (BPC tgr) PC510 2 \ \ g
L. [
attachment use a timing sequence to move data T7 Purd PCTT0 3 X‘L L
. \f
as shown below. One byte of data is moved for I e Cycte Mode (base cyclestal ) POS34 4 \ —
f —1
H Ce i Out Pwrd PC510 6
each request. The cycle rate relies on the 1/0 B contor Ouepur \
. . Strobe Pwrd PCS10 7 L T New L.
attachment and the condition of the higher ]
. | | M service in* PC558 10 | I
priority needs (burst cycle steal or interrupt leve Service Out P pC510 16 / e I
1) of the system. The maximum possible data Storage Cyele Request pes0s 12 / —
cycle rafe is 1 byte per 4.4 microseconds. This B Clock SAR and X Reg (T8 time) PC142 13 / [
mode has a system priority less than burst m Slolvs?gia(;:c'ljngm) PCO12 14 / e
cycle steal mode but can be of any lower B cs¥ Trigser to Channe Pcoso 15 f —
.. [} Command Bus In (CBI) Valid* " SN 00O OEEa.
priority under 1/0 attachment control. m 2t l
B3 MPXPO Bus Out PC506 9 TSNS 1  Bye L
. Note
. h t ﬂ MPXPO Data In Valid {if applicable)* 8 \ m
The work station and MLCA attachment use B Command Bus Out (CBO) PC542 5 \ I 000 T 010 —
f ration to move Note
the base cycle steal mode of ope Notes Note: Except if card part numbers 4238450, 4238452, 4238466 are installed.
data to/from the control processor.
7 Trisexample s €31 occurring. The entire handshaking sequence would occur again if ‘base cycle steal
£rovided no disk cycle steals were requested).
z d” and ‘service out pwrd’ in synchronous operation, only two strobes will
¢’ gmconly ore strobe will occur under ‘service out pwrd’. Otherwise, up to 7 strobes
may occur in each por of the sequence for asynchronous operation. If 8 strobes occur, a time-out occurs and a
blast is generated.
“Signifies signals for the device attachment to the base port card.
“"The ‘storage cycle time’ consists of the time for loading the storage address register (T8), the time for accessing storage
(X CSY Tgr), and a time for storing data to the I/O attachment.
Base Cycle Steal Mode (Operational Sequence)
CP Data Flow Card A-A1H2 (A-A1E2 on Level 2 Board)
1 FSL AE040 (Level 1 Board Only)
Board Tiedown }i 1
Storage Bus Bit Lo P
Storage Bus Bit 15 — 9
14 a
13 I
12 A
1 '
10 L..J . )
. SDR Hi Parity SDR Lo +} SOR P Check
Storage Bus Bit Hi P
Storage Bus Bt 7
6
5 9 1
4 —{ Stg Gate Hi Gen P Bit
3
2
1 \ A 4 L‘ L 4 J
CSY Tgr N . k ! e T
ar New F—— Stg Gt 2 | StgGate P Check
Reset SDR Hi 313‘@ I Lo 1 Stg Gate Low Gen P Bit
Sys Bus In Bit P Ll !
15
14 2 | SysBus Out Low P1
13 9 | Sys Bus Out Low P2
12
n Driver
lg I L Sys Bus Out Bit 8
8 * 9
o 10
2 1
Stg Gt Hi Bit O Fixed -
Sglg G(IH|ISeI Bvx( 1 I X Lo Reg Y Lo Reg P 12
13
Stg Gt Lo Bit 0 2 12
Stg Gt Lo Bit 1 EM/\_hSV 15
Board Tieup }—J |
Board Tieup |-@- ' ‘ ’
" ! +5V v ' Car
T3 and Phase A | : y e
Clock SAR and X Reg | ; ALU Hi ALU Lo 1 L M
Specral Sys Rst | ) © Hi
Select Stg Gate Data } 1 ——t
= 4 a A
ALU Func Bit 0 1
1 Driver —»{ Pty Predict Carry Out Hi
2 | — 1
3 1 L { Data 4
Carrv|ﬂJ "y VVY!
Parit
ALU Gate HifLo Sel 0 L 3 Y | ALU Error
1
2 l ALU Gt Hi Al Ones Low ALUGt Lo 2 | ALuzero
p Carry or Ones
16 Bit ALU Operation | Sve Bus O o
s Bus Out Bit
LSR Address Bit 0 I 0
! 2
21 6 3
: o ‘
New LSR Addr Bit 4 > 6
1
Write LSR Lo |— 7
Wore LSR F — Sys Bus Out Hi Bit P
CP System Control Card A-A1G2 (A-A1D2 on Level 2 Board)
FSL AE030 (Level 1 Board Only)
Storage Bus. Bn(‘) 9 f L ALU 4 l ALU Func Bit r|)
|
2 —l or |l Function | 2
T1/T2
; —_— r—'_ 7 —! 2 | Clocked MOR P Check
6 N | Sense/Load MSP Registers
B‘PH7 L ! | T3and Phase A
1P H
Storage Bus aug 1 o] T4ThTE
9 Tlles —L l—-——l} T7 Pwrd
: ; 9 ’__: — ————>{ Phase A
13 *r Stg Stg Gt Hi Bit O Fixed
14 5 i Reset SOF. Hi
15 Gate Stg Gate Hi Sel Bit 1
Storage Bus Bit Lo P > Bits ’ Stg Gate Lo Bit 0
100 ns Osc Pv’«vd l——‘l l..‘ Stg Gate Lo Bit 1
Special Sys Rst }—l—-—q
Run LatchOCD | 2
Storage Cycle Request | I..l — T
Branch Cond Met |—! b Control | Controt Storage Access
Command Bus in Bit 4 Gated | 11 Storage 1 | Single Cycle
BPC Tgr f—y - Access 3 ALU Gate Hi/Lo Sel 0
CBI Bit 1 Cycle Steal Read I,—‘ ,.l 1
CBU 81 0 Cycle Steal tncr }— ALU 2
Mode Selector Sw Bit 1 I 3 Gate ;——“3 m:: ::: ::)
2 [ I L Hi/Lo 16 Bit ALU Operation
By —~ Write ' o
Control Storage Sw | T Stg T na
3 Storage Function
p—» Select Storage Gate Data
Carry in . | carryin
Clock —>| Clack SAR and X Reg
1 SAR —1
Carry Log PCR Bu 4 |- _'
L 3 Write LSR Lo
“<I:|9ck cs Write LSR Hi
rite LSR 1 Clock ALU Gate Gheck Tar
Hi/Lo
———;ﬂ Clock Stg Gate Check Gated
1
——-"— TS Not Display Storage
Clock
Stg 2 Status Card 2/1
Advance Time ﬁz:\?r:a:; % 2 Gate New LSR Addr Bit 4
f Check .
— LSR Address Bit 0
INT/CS LSR Decodel: 3 L | 5 1
}_ Py 2
2 L
3
Address Switch 3-4 812 | 2 5
Address Switch 3—4 Bit 3 LSR 3 ‘ Status Sel 0
Address 1
MC interrupt Lth L Status J I 2
New CSIPL Cycle f 4 Select 2 | Status Function O
CB1 Bit 2 Cycle Steal Adr Set 0 I 1
CBI Bu 3 Cycle Steal Adr Sel 1 [
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Port0

8-11 Work Station Attachment
Jump on 1/0 Condition, " Command Bus Out
1,0 immediate Function s O O Strobe ccp Attachment Status R
B8 5o Coote St §—{Decode &
e Oycle Steal (¢ c d Port Register Control Out Command Controller Status DBI Buffers
n 0 Service Out Decods T — m—)>
o Device System Reset o PCR o | status on e’
Address -
Data Adapter
3 Lo s Circuits
Data Buffer = = T 8 e— Controller | cpgo B | coso
Sys Bus Out 0 Command/ - .
Bits 815, P1 811 [0 ice Date .__VM_T —
_3 . | Address/ 4 7 | MPXPO Bus Out Bits 07 11] Multidevice Response cc8o B
| Data - Data Bus Out i X D sg-05:
E—— ata Bus Ou 297051 C5
[ — e ey A I T —
2 8 Gate PC = | |
P! Modifier - i
4 | Data . Level 4 Interrupt Request <1 ks o
7 Base Cycle Steal Request KB X
10 | Y
Instruction™ - Service ||
(¢ n
[ B8NS LA e | il
N L
Command Bus In 05 Command Bus In_0-5 SERDES
- | - 15
— Controller > SERDES OR J
w1 |
Checks W Command e 7 7 7-14
CBI Bit 4 Register Decode
3 | SERDES
1 J 6 SERDES
Control Out Pwrd [7] Control | g ey 4 4-6,15 =
Cycie Steal A o Strobe PurdService Out Purd o _’I Serial 1n
)T = i
i T pont ~ 16] i SERDES Status
= 6 - Control T
N Port Status y [o:1] c8i RN
C MPXPO Bus Out Bit P Bt S 814 Receve cs
’ i8nary GOt p—
Data * Address |
R Port Clock Register
| Control CBI 0-5 J
—p
T I , l o <= e ons
Advance Time Clock |5 { 15—
T Decodes | 4 — s________, I Driver/
4 B : Transmit Data ( Receiver
7 Interrupts ! ¥ Transmit Binary Data | Demodulator
I MPXPO Data In Bits 07, P 9 PG T
Data Bus In
System Bus In Bits 8-15 ] T o Qo
PG 8 ¢
<
PC = Parity Check
PG = Parity Generate
CP Port Card A-A1L2 (A-A1H2 on Level 2 Board)
FSL AE070 (Level 1 Board Only)
8.19 ms Clock L )
Microinterrupt Request 4 I L
Interrupt Level 5 Req 3 Function 3 R l Command Bus Out Bit 0
Sys Bus Out Bit 8 4 811 Decode > E 1
9 P c d | 2
10
n —
12
13 J 3
14 —
15 CS Priority
Sys Bus Out Low P1 0 Port Register
iy .
Data Buffer Device
7 | | 03, [o > Address/
ion } () 811 _I Data MPXPO Bus Out Bit 0
110 I -
l > Device | W [ || |____ _ 1
System Reset | Address/ e B ;
Data 8 a 3
| 5 | cBo/ > 4
T7Pwed | > Data M
3_ _ _ _ 6
2 4 7
Response |- o
h- v Sys Bus In Bit 8
MPXPO Data In 0 4 1215 9
1 sl Modifier/ P Gate 10
2 Data e 8
3 4 4-7,p o — : ;
B > v 2
: 7 Port Checks 14
7 2 Register t 15
P 1
{ New Channel Check
Command Bus In 4 } —— 1 ] Control OutPwia
1
Command Bus In 6 | R} i BPC Tgr
_ | 1 Command Bus In Bit 4 Gated [E] .
Service In | 2 Cycle
9 Steal Disk Strobe
CBI Bit 1 Cycle Steal Read |—— > Storage Cycle Request
! 6 [ 4 ] 5 Xfer Error Gated or J10 Echo
. Port Service Out Pwrd
CBI Bit 2 Cycle Steal Adr Sel 0 |— —] |
Control Strobe Pwrd
Disk/Dskt (Load) BC Req |————1 Port Status
New Base Cycle Req v? >—— 2 3 Advance Time from Channel
Disk/Dskt Block Processor Clock 9 | Port Clock »{ Sys Bus In Bit P
Old Base Cycle Steal Request »| Control '] MPXPO Bus Out Bit P
MC interrupt Lth 2
Phase A I 5 Vot Used
CSY Tar to Channel T I 4 INT/CS LSR Decode 0
POR or Reset Key | ® _— I————- 1
2
Microinterrupt Request 1 Clock
2 Decodes Interrupt Req to Run Lth
3 6 4 Proc Interrupt 1
System Unit Lamp Test © :
Enable Interrupt
Run Latch OCD interrupts ; .
T3 and Phase A 2 _] Disk Burst Mode Gated
Board Tiedown 3 ;
j ’! Not Used
New Base Cycle Steal Request ' T
CP Storage Control Card A-A1F2 (A-A1C2 on Level 2 Board)
FSL AE070 (Level 1 Board Only}
- MSP Clocks Stoppud ,L—‘ MSP 1
1 Run ‘*’f —+| MSP Run Indicator
+ System Unit t.amp Text | — Indicator
Display SBO Bit 8
+Sys Bus Gt Hi Bit 0 9
1 10
2 g(| Display 9 I
4 S8O v 13
5| 9 R $ Bits 14
6 - 18
: 15 s
— SAR q SAR Bit g
+Sys Bus Out Lo Bit 8 0 8
9 9
10 10 10
" S I Parity o : ;
12 >
Gen
13 O] Address -
1 and 5
'5 SAR
) 15
Checking
" 2 Ctl Stg Address Chk
1 Cti Stg SAR P Chk
16K Jumper - 0 and 1 Jumper 16K p— !
o Jumper pin 0| Card Select 0-16K CS
location Not Used
= o llgws q s
* Not Used
0 Card 10 csx 1
— T ——— Select csx2
csx
S o B W
csv 1
+ Clock SAR and X Reg |—— | — csy 2
Bit2 CSY Tar New i
+MS CSY Tgr Signal 4 CSY Tgr to Channel L]
3
+ T5 Not Display Stg csy ‘Write MSP Register
+ Sense/Load MSP Registers | TS 8K Group Select
+ Control Storage Access o
1 Storage Cycle 100 ns ——‘“i 100 ns Osc Pwrd
- Storage Function o
- Check Run Switch 2 Storage
+ Write Stg Hi Clock 15005 2 ] CS Write Pulse High
+ Write Stg Lo |—" | 5 Write Pulse Low
+100 ns Osc Pwrd | ;[. Advance Clock From Channel
3 Write Main Storage
— . | cP clock sAR Gated
i { Main Stg Op T
+MSP Write Main Storage | 2 Main Stg ] Main Sta O Tor
+1/0 Instruction | Op Tgr
+Phase A |1 : + System Reset 1 o] System Reset
——
a. ;,?é ':;, Sys New CSIPL Cycle
- Processor Check 6 Rst 5 J f::‘; CYCIL'
- POR or Reset Key Transter Comphete
- Load Key Pressed nt Sy e
- Load Key Released
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Microinterrupt Level Mode

All 1/0 devices that need processing can
activate a microinterrupt to the system. The
port is the means by which the system receives
the interrupt.

The five interrupt request lines (IL 1-5) are
made active by a device through its attachment
whenever the device requires program
interaction. To have proper interrupt operation,
any request line should be reset by an 1/0 load
or 1/0 control load function before the drop of
the ‘service in’ line. Removal of an active
request should follow the rules for degating the
"MPXPO data in" and ‘command bus in’ lines.
(See the Interrupts and Cycle Steal Requests
section of this manual.)

N

.
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COMMANDS

The three instructions that communicate with
the processing unit, the port, and the 1/0
attachment are:

« 1/0 immediate
« 1/0 storage
« Jump on |I/0 condition

When executing the 1/O command, the
processing unit selects WRO low from the local
storage register stack for the current interrupt
level and sends its contents to the channel and
then to the port. The format of WRO low is:

WRO Low Bits
0-3 4-7

Device Hex Address
Channel/port 00
Unit record MICR (1255) 50
Communications 80
Disk A AO
Disk B B O
Work station co
Diskette DO
Line printer E O

The address part of WRO low is replaced by the
interrupt level hexadecimal value on a sense
interrupt level status byte command. The
instruction modifier field (bits 4-7 of the 1/0
instruction) and the device address link together
and are sent over the port ‘'MPXPO bus out’
and ‘command bus out’ lines to the correct |/0
attachment.

1/0 Command

1/0
immediate

The port register stores the last command and
device address sent by the port. This
information is not destroyed after an error is
sensed, and a sample can be taken by the
interrupt level O (machine check) routine to
determine which device caused the error.

When diagnostic programs are run, the port
register reads/writes data from/into local
storage registers when the wrap routines are
run. When the port register is used in
diagnostic mode, preceding information about
the device address and command bus out is
destroyed.

The processing unit operates with odd parity;
the port, however, can be set to either even or
odd parity (see /0O Load or /0 Control Load
later in this section).

The 1/0 attachments use the ‘CBI bit 4 line to:

+ Show that the condition tested by the jump
on |/0 condition is met and the control
processor should take the branch.

» Indicate not valid parity on the "MPXPO bus
out’ lines.

« Indicate to the control processor when to
address control storage during an 1/0
storage operation.

The "transfer error’ line is activated from the
control processor to indicate a jump on 1/0
condition echo met (the control processor
received the 'CBI bit 4’ line correctly), and the

_branch will be taken. This line also indicates

that a not valid parity was sensed during an
1/0 operation.

Not 1/0 Command

Bit 4 Not Active

tested

Port/
Channel
Control Processor Sense Control, I I
(MPS) Status,
Yes 1/0 Clocks, l
Errors, I
PCR | l
Channel LSR I I
instruction b Stay in Processor Stack | I
in
Control l I
Yes Processor I
Set/Reset, I
Enable/ | |
Control Processor Load Function Disable l
(MPLF) Controls I I
: I 1/0 Devicg
Attachment
1 1/0 Load Data
LSR to or from 1/0 Control Load Control
Attachment S
1/0 Control Sense Status
Storage to or from Sense Interrupt
Attachment Level Status Byte Status
1/0 Sense Dat
i ata
Condition to be Tested
Status
Command Bus In Bit 4 h
Bit 4 Active Condition

5-25
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1/0 Immediate

101 1| Modifier | Function | H2 | Reg 2

0 3 4 7 8 11 12 13 15

The 1/0 immediate instruction has four main
functions:

« Move 1 byte of data between the local
storage registers and the 1/0 devices

. Direct control of the channel and the 1/0
functions that may or may not include data
movement

« Direct control of the control processor
functions

« Direct control of the main storage processor
functions

Modifier (Bits 4-7): The modifier bits rely on
the device usage and are sent to the |/0O
attachment. These bits, along with the
command bus out (CBO) bits, specify which
task is to be done by the attachment.

Function (Bits 8-11): The function bits are
sent to the port where they are decoded as one
of the following commands: load, sense,
control load, or control sense. This command is
then sent to the |/O attachment on the
‘command bus out’ lines.

If bits 10 and 11 = binary 10, the command
does not go to the port but remains in the
control processor. For a bit definition of the
sense information, see the control processor
sense chart under 1/0 Immediate in the Control
Processor section of this manual.

H2 (Bit 12): Selects the high- or low-order
byte of the selected local storage register for
the current interrupt level.

H2 = 0: Low-order byte

H2 = 1: High-order byte

Register 2 (Bits 13-15): Selects one of the
eight work registers in the local storage register
stack for the current interrupt level. This
register is used for the byte of data or control
information that is to be sent or received.

Note: For control processor load function
(MPLF) instructions, bits 12-15 are used as a
second set of modifier bits.

1/0 Load or 1/0 Control Load (IOL, IOCL)

Function | H2

1011 | Modifier Reg 2

0o 3 4 7 8 11 12 13 15

This part of the I/Q immediate instruction
moves 1 byte of data or control information
from a local storage register to the 1/0
attachment.

Modifier (Bits 4-7): The modifier bits are
specified for the device and are sent to the 1/0
attachment with the command. These bits
specify what is to be done with the data byte.

Function (Bits 8-11): The function bits are
sent to the channel where they are decoded as
either the load or control load command. This
command is then sent to the 1/0O attachment
on the ‘command bus out’ lines.

Bits 8-11 = 0000 for IOL

Bits 8-11 = 1000 for I0OCL

H2 (Bit 12): Selects the low- or high-order
byte of the selected local storage register for
the current interrupt level:

H2 = 0: Low-order byte

H2 = 1: High-order byte

Register 2 (Bits 13-15): Selects one of the
eight work registers in the local storage register
stack for the current interrupt level. The
selected register contains the byte of data or
control information that is to be sent to the 1/0
attachment.

Timing of CP/Channel Functions 200 ns Printer IOCL!
TO T T2 T3 | T3A | T3B | T3E T4 T6 »
FSL
Page C07 | COF | COE | C06 | C12 - C13 | C17 | C1F | C1E | C16 | CO2
1/0 Instruction PC138
Stg Gate Hi/Lo from SDR (instr) PC230

Strobe SDR Lo Data (function tc SBO) PC502

CBO Decode from SBO PC542

Stg Gate Lo from Stg Gate Hi PC230

Load Data Buffer (modifier bits) PC526

Select LSR (WRO address) PC230

Stg Gate Hi/Lo from LSR PC230

Strobe LSR Data PC526

Data Buffer from SBO (address) PC502

Control Out Pwrd (from channel) PC510 Basic
Service In (from 1/0) PC558 FFeteh)
Service Out Pwrd (from channel) PC510

CBO Bits Active PC542 :

Modifier Bits to Data Buffer PC502

Address Bits to Data Buffer PC502

Modifier Bits to MPXPO Bus Out PC506

Address Bits to MPXPO Bus Out PC506

Mod. and Address Bits Sent to |/O

Advance Time from Channel PC518
Strobe Pwrd PC510
Data Gated to Data Buffer

Data Gated to MPXPO Bus Out

! See Channel Exerciser Loop Program in the Channel

section of this manual for a program that can be used
with this command.

Device Address
e P PN S T

Data

\\/



- 1/0 Load Instruction

~N
N
[To]
1' FSL Assemble Address and Select 1/0 Attach Send C d —
Page Command in Channel and Modifier to Attachment on CBO g
and MPXPO Bus Out Send Data Byte to Attachment c
‘ \ 200 ns ©
: 200- \ S
v Control Processor T-Times PC110 To |T1 |T2|T3}T3AIT33,T3EI_—_—~___|_—|T4 |T51T6I__—__—_—__—_—| TOIetc
|
Phase A PC110 JUWMWM
‘v- 1/0 Instruction pPCc138 | 7 i if 1
Advance Time PC518 ! ! — —/
1*" Sys Bus Out Valid I rSoRTSORATLSR _— e e
Low | High ! | _
Port Clock C-Times PC526 | COO COO COO COO CO9 CO3 I C07 COF COE CO6 CO7 COF COE "coe C12 €10 C18 C19 C13 C17 CIF CIE C16 C17 CIF C1E C16 C02 COO COO COO COO
v MPXPO Bus Out Valid _-[ Dev Addr and Instr Modifier E 1 S— | S —
|
Control Out Pwrd PC510 [ 5 F—
: | I
Strobe Pwrd PC510 B o) 1 [ MNowa) L
- | = | I 0§ o
Service In PC558 Il {{ g nE at
T ) |
: Service Out Pwrd PC510 l
- Strobe SDR Low Data PC526 — | g
Strobe SDR High Data PC526 i e : _!r
- Strobe LSR Data (WROL) PC526 — I fr
CBOO PC542 t IT
l |
v CBO 1 Valid PCS42 L i ‘0 tor 1/0 Stg or 1/0 Immed Load; 1 for 1/0 Immed Control Load -
CBO 2 PC542 | |
|
‘ Load Data Buffer PC542 J—L_r_l! | —
A 4 Mod DA |
Gate Data Buffer to MPXPO PC506 % —+
Bus Out/Sys Bus In ! |
: Clock Port Register PC506 I — L
! Dev Addr and CBO
-y |
Gate LSR (13, 14, 15) to SBO PC230 1 : TS e 1
(if applicable) l |
Storage Cycle (if applicable) PC012 J[ " B e
- Gate SDR to SBO (if applicable) ~ PC230 ! T —
DBI/CBI Not Zero Check PC502 : M
i |
- Notes: | !
1. First strobe to be used for normal load operations. I I
2. Fourth strobe to be used for normal load operations. H
-
- FSL Assemble Address and Send Data Byte to
Page Command in Channel Port and 1/O Attachment
v 1/0 Control Load Instruction 200 ns
Control Processor T-Times PC110 To I T | T2 I T3 |T3A’ T3B, T3E ‘ T4 I T8 | T6 | T0 I ete
- I |
- Phase A PC110 mmmw
: { |
- . 1/0 Instruction PC138 I T 1
\ 7 4 l |
I
Advance Time PC518 _F N
I
. |
g Sys Bus Out Valid — TSDR|SDR|LSR [~~~ WR 13, 14,15 |
Low | High | WROL |
) R Port Clock C-Times PC526 C00 CO0 CO00 CO0 Cco9 co3 l co7 COF coE coelcoo coo coo
- 1 r
MPXPO Bus Out Valid | |
‘ I
ww'  Control Out Pwrd PC510 | IT
I
( Strobe Pwrd PC510 I l
- [ |
Service In PC558 | |
| |
s  Service Out Pwrd PC510 | I
| |
‘ y Strobe SDR Low Data PC526 I ] !
Strobe SDR High Data PC526 1 |
, I
“w”  Strobe LSR Data (WROL) PC526 — I
| I
; CcCBOO PC542 | I
4 } I
CBO 1 Valid PC542 N i
I
“w  CBO2 PC542 | |
[ I
' Load Data Buffer PC542 oy |
- Mod DA l (note)
Clock Port Register (if applicable) PC506 f | p—
¥  Set Port Status Bits PC516 l —
| RE
| Clock Modifier Bits PC542 o~ | !
-~ | |
Note: Load port register instruction.
-—
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1/0 Load (Big Picture)
Assemble Select 1/0 Attachment; Send
Address and | Command and Modifier to
Cc din | Attachment on CBO and MPXPO
Channel Bus Out !
Select Attachment
(Address, Modifier, and Command to Attachment)
CPU | Channel | Attachment
| Eunction | Send Data Byte to Attachment
| Field [ CPU 1 Chanoel | Attachment
I Decode | I ¥ l
101 1| Modifier | Function {H2|Reg 2 | l
513 4] 78] 11121315 | ceo B! Data  ppxpo
= 1 Syst | Buffer |
7 N C ystem Bus
()(L ! W omman LSRs Bus Out
WRO Low | s y |
Device | System | Data
Address 0000 | Bus II Buffer : | l
el ok @ o o | |
| 1l Bus | elect LSR | |
| I | Z out H| lSeIect High or | |
t
| | | a | Low Byte I ) I
\ 7—|l' | l
N~ 1011/ Modifier | Function |H2| Reg 2| |
7 | SDR | '
Assemble
Address and
FSL Command in Select 1/0 Send C and
Page Channel to Attachment on CBO and MPXPO Bus Out Send Data Byte to Attachment
CPU Clock pci10 | T3 | T3A | 138 | T3E 4 — T4 | T5 | Te | TeE { ¢ To | ™
200 ns
n 1/0 Instruction PC138 4" ‘, i (l
Port Clock Pcs26 | coo | cos | co3 | co7 | coF | coe | cos§§co7 | coF | coe | cos | c12 | cio | ci8 | cio | c13 | c17 | c1F | cie | ci6§§cr7 | ciF | ciE | cie | coz
SDR Low to Channel PC220
SDR High to Channel PC220
B3 WRO Low to Channel PC230 d, p—
k)l Device Address and Modifier  PC506
MPXPO Bus Out 4§
Command to CBO PCB42 : - §
Control Out Pwrd PCE12
B strobe Pwrd PC512 { ¢ 6
Service In PC558 {
Sefect LSR PC240
Gate LSR Byte to Channel  PC230
Data to MPXPO- Bus Out PC506 . 4
-EB service Out Pwrd PC512 —
ikd Advance Time PC518 [r—
The first “strobe pwrd’ pulse after the rise of The first 'strobe pwrd’ pulse after the rise of
the "control out pwrd’ line signals the 1/0 the “service out pwrd’ line signals the |/0
attachment that the device address and the attachment that the data byte on the ‘"MPXPO bus
command information on the ‘command bus out’ lines is valid. The fall of the "service in" line
out’ and "MPXPO bus out’ lines are valid. The signals the port that the /0O attachment has
rise of the “service in’ line signals the port that taken the data byte from the "MPXPO bus out’
the 1/0 attachment has taken the information lines.
from the ‘'command bus out’ and "MPXPO bus
out’ lines and is ready to receive data.
Main Storage Processor (MSPY Controt Processar (CP) o
Sys Bus Out Low From CP AMS’
MS Storage Bus
o Er' MS? Control Gate o] Toce, fFrom sk coGate N
| ! i s convr stz . ;;l‘"‘“ "
e Control oar s s h) 3
m % m ?Ll:;f:mu_ A [_ — n
o ot - jl
e B ) = —] 505815 0ut Low 501008 0 Lo
- o) O
T Le T — siorace| § 15
: yirl 1 - =
—ih S 0Ot fromco worrfeed 1| | svvous
i T oy j L : Sl -
= N = | g
m m m cer (PCO00- 7 AA Board
Toon | tow l l l L2,
cmmf_ﬁm_g 11 el [ = =
[ Sense Bytz Gate l
Y =
v ) S0 3 MS Controt 10 CP Bus. Storage
— E:,bgammy o
— " e
Main Storage = B — H ﬁ
LT TN N e e ]
por P2t bry s d s H
€P Status 1 %m"—__.: o
(PC300-399)
] o 1; 1s s
o
(wms&wv&ltA l o ﬂ i 15
n
o o e gooe AJ o
> sk iy <
on
MSP Store Cantrot CP Status 2 ] CP Sys Contrat CP Data Flow Port
MSP Data Flow (PM3I00-499) (PM700-899) {PC400-499) {PC100:199} {PC200-299) {PCS02-558)

“Data fiow bus kines may not pass through F At as shown.

**See Card Locasions for the A-AT Bosrd in Sect

ion 1.
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wn
A4
Start System Bus Out | Command ©
Function Bits Bus Out Command Mnemonic c
‘ 8 9 10M 12 5
A — 0000 | 100 |1/0Loag 1oL 5
I-fetch Establish 01 00 101 1/0 Sense 10S
channel/device
: ‘ \fetch and controf n (]) ; g (1) ? ?; IS;egsgolnterrupt Level Status Byte SILSB
& / operation processor / ntrol Load 10CL
- communication B 11 0 0 11 1-0 Control Sense 10CS
00 1 1 011 Jump on 10 Condition JIo
01o Base Cycle Steal

(

Bits 10, Yes

=10 MPS and MPLF
commands

Operation
complete

«

Perform control Perform control
LSR WRO |
Select LSR WRO 0 (.)W (bits processor load processor sense Select LSR per
A N ottt 8-11) contain the - A
i1 low device address per bits 4-7 per bits 4-7 bits 13-15
e : and 1215 and 12-15
: ] The channel clock See table
Gate channel :
‘v} b is used to assemble
s the device address End
from SDR low to
and the command
channel .
in the channel.
Note: No communication takes place

between the control processor and the
channel/attachment

(

Gate modifier

. bits from SDR L J Yes
! high to channel
No
{ Gate device n: Transfer low Transfer high Store data from Store data from
v address from J byte from byte from attachment attachment
WROlow LSRto | selected LSR selected LSR “h’°“9h port through port
channel through port to through port to into low byte into high byte
attachment attachment of selected LSR of selected LSR
w 1. Select the attachment
2. Send command and the Complete
modifier to the n channel
attachment on CBO and communication
'v MPXPO bus out
o
|
Port 0 Channel 1O Attachment Line Printer
1 A ® Print Data
v Jump on 110 v B¢
i M A Function Command Bus Out 02 Printer Control
1/0 immediste Iy [ — L
Steal VAT Decode
% 2 4 S—-—b,commm; l Port Register cso ccs L
. ( )\_. > y
‘ ; i Command > Print
'«v R g;’f Register > Controller
Priority % Printer Wraps el g:::'m coB! R NS
Data Buffer Check Status el Bus in > - - Print —
Sys Bus Out [ <] Printer § Assembly Data
Bits 815, P1 ) rinter Status y—_p! Koyt Pegiter
- 4 r | MPxPOBusOutgits0-7 B Switch Status =g Storage
—— E Port Dat Fire Tier
o 8 | Gate BosOne . (1-5)
4 o H 5 Bus Out > Start Controller
. ’ ——p _ | Command Controlfer 1PL
ntrolter
Data 4 A 7 Decode
and iInterrupts { J
L B8 Controt Strobe A S
¢ ( - ¢ (_Service in Start Hammer Echo { Hammer Echo Return
(E— 6 al Lr < B Hammer Sampte
Command Bus In 0—5 - — Command Bus In 0-5 L] 'V
. < - S —— T Hammer
! T ~ - ~ Check
! Port 1 h ] ircui
- ! Checks s I Circuits »
CBI Bit 4 Register » Printer
( T Fire Tier {1-5) Control
T 1 g o=~ — Register
T Controt Out_Pwrd Strobe
i ———— | -
Cycle Steat " l’ A Strobe Pwrd/Service Out Pwrd B Control Out | ,
> [_. Service Out Adapt Print Subscans
3 | pore L 2 —_ - ] Adapter Impression CU SS | Fire
o T e B—Serviceln By | ermen M ) Fi A .
- N Carriage Advance | Tier 3 ),
Port Status y Multidevice Circuits
- . MPXPO Bus Out Bit P — (o rome
F N
‘ I Port Clock Control Data Bus Out CDBO
i Control ,—l L T
} 5 m I I Advance Time cock -3 —"A § System 1/0 Dat
| T Decodes | 4 ( — Data Q.0
- Bo | Do
Iy = Register
7 Interrupts YR Y
b]- MPXPQ Data In Bits 07, P
- ° i Port Data Bus In Data
System Bus In Bits 8—15 ] s h —— n |
- Assembler | qm———————
PC = Parity. Check

PG = Parity Generate-



(=) 1/0 Load (Detail)
f
o
Assemble Select 1/0 Attachment; Send
Address and | Command and Modifier to
C din | Attach 1t on CBO and MPXPC
Channel Bus Out
Select Attachment
(Address, Modifier, and C d to Attach )
U Channel Attachment
cp l ] Send Data Byte to Attachment
Function
: Fiuer; d ' |l CPU | Channel 1 Attachment
I Decode ' l I
101 1| Modifier | Function |H2|Reg 2 ' lﬂ | Data MPXPO |
O[3 4] 78 11121315 ! 2] CBO System | Buffer gy
/
(,(L / )' | Comman LSRs Bus Out Out
WRO Low | s 7]
Devi ystem Dat
evice | 00 | B | | ata | ]
Address } o | | @ Buffer — | |
u | elec
L } H Select LSR | |
| 0 3 Select_High or I |
I | 4 Low Byte |
'\ |, B I
. 101 1| Modifier | Function |H2|Reg 2 | '
- |
7 SDR |
CP System Control Card A-A1G2 (A-A1D2 on Level 2 Board)
FSL AE030 (Level 1 Board Only)
ALU Func Bit 0
Storage Bus Bit 0 J11 9 [ ALU 4 l 1
PO7 1 [ Function , 2
3 e —= " o ;
o T2 ! | 2 | Ciocked MOR P Chec
s s . [_.;— [ C '% Sencorioad WP Fgsiers
4 1
s mg; FL L ! | T3and Phase A
Bit P Hi Go9
Storage Bus Bit8  G12 —»f — :~—l T4 Thru T6
9 P06 T — L 17pun
AR — T o - J B
12 M02 ™ P > Stg Gt Hi Bit 0 Fixed
13 P04 Stg 5 | Reset SDR Hi
14 POS Gate Stg Gate Hi Sel Bit 1
15 MOS 1
Storage Bus Bit Lo P G02 ] Bits ::: g::: t: :t:? n

1
100 ns Osc Pwrd  JOB }———1——— [01

Special Sys Rt §13 }—r ——4@

Run LatchOCD  M11| 2
P10 | Ll 1

Storage Cycle Request

] Controt Storage Access

Branch Cond Met  DO7 | ——  Control .
Command Bus in Bit 4 Gated D04 |_1 Storage | Single Cycle
1 Access ALU Gate Hi/Lo Sel 0
BPC Tor  GO3 3 ate
! 1 r ~ 1 1
€BY Bit 1 Cycle Steal Read 508 |— ..{ | 2
CBI Bit 0 Cycle Steal Incr ~ S06 | 1 ALU 3 Weite Stg Hi
Mode Selector SwBit 1 J04 | 3 Gate I Write Stg Lo
2 Jo2 | o Hi/lo ' 16 Bit ALU Operation
3 108 . p—>  Write | 1/0 tnstruction
Control Storage Sw D06 |— I > Stg T
3 Storage Function
— ,—— { Select Storage Gate Data
1 carry in
Carry in 1
Clock | Clock SAR and X Reg
T SAR  }—
Carry Log PCRBit4  B12 | _]

[___!L

3 i Write LSR Lo
Clock CS Write LSR Hi
Write LSR Clock ALU Gate Check Tgr
— Hi/Lo

1
ﬁ—_— ——————————= Clock Stg Gate Check Gated

1

—
’——o{ T5 Not Display Storage
Clock
Stg Status Card 21
CSY Tgr New 407 | 2 Gate New LSR Addr Bit 4
Advance Time from Channel MO8 | P Check _l LSR Address Bit 0
T

INT/CS LSR Decade 0 S11 | 5
1 s0 °
2 vz t
Address Switch 3-4 8it2  M12]_2 LR
Address Switch 3-4 Bit 3 S04 AR
L+ Status

MC Interrupt Lth U12 ,
New CSIPL Cycle P13 | 4 Select

CBI Bit 2 Cycle Steal Adr Sel 0 P11
CBI Bit 3 Cycle Steal Adr Sel 1 M09 E

1
;
5

Status Sel 0
1
2
Status Function 0
1

Tl

CP Data Flow Card A-A1H2 (A-A1E2 on Level 2 Board)
! FSL AEQ40 (Level 1 Board Only)

Board Tiedown | ]:
Storage Bus Bit Lo P
Storage Bus Bit15 | — 9
14
13 l ’
12
" v v
10
9 Parity
i
8 i 1
SDR Hi . SDR Lo —{ SDR P Check

Storage Bus Bit Hi P I
Storage Bus Bit 7
1 |
T —] Stg Gate Hi Gen P Bit

- 12!
1
CSY Tgr New —r . Parity
Reset SOR Hi Stg Gt J Stg Gt 2 | Stg Gate P Check
Sys Bus In Bit P Hi Lo 1 Stg Gate Low Gen P Bit

15
14 2 -
o | Sys Bus Out Low P1

13 9
12 | Sys Bus Out Low P2

n -

10 - Driver
9
| l_ Sys Bus Out Bit 8

8
y y 9
a8aa;

Stg Gt Hi Bit O Fixed 2
Stg Gt Hi Sel Bit 1 X Hi Reg Y Hi Reg X Lo Reg Y Lo Reg ‘,B > .
’ 12

canwsa®

Stg Gt Lo Bit O

a Elste Gt Lositt +5V

Board Tieup

il

Board Tieup

T3 and Phase A

Clock SAR and X Reg
Special Sys Rst

Select Stg Gate Data
ALU Func Bn(')

BV K J ‘— ‘ﬁ '_- L. T

Carry
LSR

ALU Hi —————————— AlULo [10pg e

g

¥

Driver

2
3

Carry In

1
1 — Pty Predict Carry Out Hi

|- —
v
-

— Data 4

KA A M

Parity

ALU Gate Hi/Lo Sel 0
1 +| ALU Error

All Ones Low

2 ALU Gt Hi - ALU Gt Lo

2 | ALU Zero

Carry or Ones
Sys Bus Out Bit 0
' 1

— —

16 Bit ALU Operation
LSR Address Bit 0

1

m :

3

New LSR Addr Bit 4

Write LSR Lo lﬁ
Write LSR Hi |—

o
‘__J”

©

y
OO swNn

7
Sys Bus Out Hi Bit P

BN
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Assemble
Address and
FSL Command in Select 1/0 At Send Ci d and Modifi
Page Channel to Attachment on CBO and MPXPO Bus Out Send Data Byte to Attachment
CPU Clock pci10 | T3 | T3A | T38 | T3E {6 T4 | TS | T6 | TeE 4§ To | oM
200 ns
n 'O Instruction PC138 { G [ (
1T ¥
Port Clock PC526 C00 Cc09 co3 co7 COF COE Cco6 S S co7 COF COE Co6 C12 c10 ci8 c19 C13 c17 C1F C1E C16 S S Cc17 CIF CIE C16 Cco2
SDR Low to Channel PC220
SDR High to Channel PC220
i
I WRO Low to Channel PC230 4] ” .
Device Address and Modifier  PC506 |
MPXPO Bus Out { 4 ;
AR
ﬂ Command to CBO PC542 r d §
BRI
Control Out Pwrd PC512 1, ',
n Strobe Pwrd PC512 (( ((
) T R
n Service In PC558 [ ¢
T
M select LSR PC240
m Gate LSR Byte to Channel PC230
B Data to MPXPO Bus Out PC506 - {
)T
B service Out Pwrd PC512 X
T
[ Advance Time PC518 i ‘ [_
System Bus Out | Command
Function Bits Bus Out Command Mnemonic
8 9101 [ 012 Channel 1/0 Attachment Line Printer
0 000 1.0 0 | I/OLoad oL ——l
Pril |
0100 1.0 1 [ 1/OSense 108 T ICRE TR
01 0 1 001 Sense Interrupt Level Status Byte SILSB @ o ces I
10 0 O 110 1/0 Control Load 10CL > - 5/stem
I .
1100 111 1/0 Control Sense 10CS Command > Print
' 70 Condition 30 Reaister =-> Controller
1 011 Jumpon | onditi
001 pC 1= Steal Printer Wraps (el g::‘:o’ cDBI A1
010 Base Cycle Stea Check Status (| Bus In —_p- — — — gl -
Printer Status ”‘ Assembly D‘“"_' F
2K-Byte Register
Switch Status g1 Storage
Storage Gate High oo Fire Tier |
- - - ort Data SN (1-5)
Bit 0 Bit 1 Register Gated Thru S Bus Out Start Controller |
v * | Command
0 0 LSR High Decode Controller 1PL
SDR Hiah and Interrupts
9 ! . g Control Strobe % « . _N
1 0 SBI Bits 8—15 Start Hammer Echo 0 Hammer Echo Return
1 1 X Reg High Bits 0—3 I § (Hammer Sample |
SDR Bits 4—7 o — T
Stg Gate High Bit P Check =
Circuits
Storage Gate Low =P e
- Fire Tier (1-5) Control
Bit 0 Bit 1 Register Gated Thru Register
Strobe (
0 0 LSR Low , .
Control Out — H ),
0 1 SDR Low Service Out Print Subscans
- s—-— Adapts
1 0 SBI Bits 8—15 Service In apter Impression CtISS | Fire
- i - . (l
1 1 Output Stg Gate High Multidevice Carriage Advance | Tier J )
—-——————s sv—-q Circuits
Home
_ Control Data Bus Out CDBO
E—
Instruction WRO Low L
- System
. I Device Port Add(esq 1/0 Data
[ Op Modifier Func(J'HZI Reg 2 ] [ Address 0000 80 z:'?s'e' amm—
0o 34 78 111213 15 8 112 15 9
~———
Sense
Port Data Bus In ' DBI Data
) S e T—— X —— In <
Assembler nﬂ
a 4 ]
SBO Bits 811
SBO Bits 8-11
8-11
SBO Bits 12—-15
CP Port Card A-A1L2 (A-A1H2 on Level 2 Board)
FSL AEO070 (Level 1 Board Only)
. 8.19 ms Clock I
pt Request 4 I
Interrupt Level 5 F\e: 3 Function 3 | Command Bus Out 8it0
Svs Bus Out Bit . 811 Decode p 1
. =) | 2
Banm ! —
~ 12
13
14 — i
15 CS Priority
Sys Bus Out Low P1 0 Port Register
e .
Data Buffer > Device
7 4 03 [g > Address/
o - 4 8110 Data MPXPO Bus Out Bit 0
n » Device L _ _ 1
System Reset | I { Address/ i 2
L Data 3
| 5 .| cBos E A
T7 Pwrd |— > Data s
F 2 4 7
_— p— .
MPXPO Data In 0 4 .. 12.16 Sys Bus In Bit 8
1 = Modifier/ 4 B Gate ?O
2 Data = 8 1
3 4 47P a e
a > > Y 12
: T :
. 7 Port Checks 14
7 2 Register ’ 15
P
1 | New Channel Check
i
Command Bus In 4 |— —— 1 & Control Out Pwg
Command Bus In 5 |- ¥ { ; 1 BPC Tor
BB service in | 2 Cycle f ! »} Command Bus In Bit 4 Gated
9 Steal Disk Strobe
CBI Bit 1 Cycle Steal Read |} i . 5 Storage Cycle Request
Xfer Esror Gated ov-.no Echo
CBI Bit 2 Cycfe Steal Adr Sel 0 |— o Port Service Out Pwed [
Control Strobe Pwrd [E])
Disk/Dskt (Load) BC Req *—_ﬁ Port Status
New Base Cycle Req & 2 Advance Time from Channel
Disk/Dskt Block Processor Clock T 9 Port Clock 3 nce mfepr
Old Base Cycle Steal Request ® cont '°‘3 Sys Bus In Bit o
MC Interrupt Lth 2 ntro MPXPO Bus Out Bit
Phase A | 5 Not Used
CSY Tar to Channel J . INT/CS LSR Decode 0
POR or Reset Key |- ; 1
Microinterrupt Request 1 Clock 2
Decodes Interrupt Req to Run Lth
3 6 4 Proc Interrupt 1
System Unit Lamp Test l 2 \
Enable Interrupt 10 4
Run Latch OCD Interrupts
T3 and Phase A 2 L Disk Burst Mode Getsd
Board Tiedown 3 ;—j l
Not Used ' — ¥ 1 1 Mot Used
Not Used - A
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o 1/0 Sense or I/0 Control Sense (10S, 10CS)
s

Function |H2| Reg 2
11 1213 15

101 1 | Modifier
0 34 78

This part of the |/0 immediate instruction
moves 1 byte of data or status type information
from the 1/0 attachment to a local storage
register.

Modifier (Bits 4-7): The modifier bits are
specified by the device and are sent to the 1/0
attachment with the command. These bits
specify which data byte is to be sent.

Function (Bits 8-11): The function bits are
sent to the port where they are decoded as
either the sense or control sense command.
This command is then sent to the 1/0

attachment on the ‘command bus out’ lines.

Bits 8-11 = 0100 for 10S

1100 for IOCS

Bits 8-11

H2 (Bit 12): Selects the low- or high-order
byte of the selected local storage register for
the current interrupt level:

H2 = 0: Low-order byte
H2 = 1: High-order byte

Register 2 (Bits 13-15): Selects one of the
eight work registers in the local storage register
stack for the current interrupt level. The byte of
data being sent from the 1/0 attachment is
placed in this local storage register.

Timing of CP/Channel Functions 200 ns Printer 108!
FSL TO T T2 T3 |[T3A | T3B | T3E T4 T5 T6
Page C07 | COF | COE | C06 | C12 C13 | C17 | C1F | C1E | C16 | C02
1/0 Instruction PC138
Stg Gate Hi/Lo from SDR (instr) PC230
Strobe SDR Lo Data (function to SBO) PC502
CBO Decode from SBO PC542
Stg Gate Lo from Stg Gate Hi PC230
Load Data Buffer (modifier bits) PC526
Select LSR (WRO address) PC230
Stg Gate Hi/Lo from LSR PC230
Strobe LSR Data PC526
Data Buffer from SBO (address) PC502
Control Out Pwrd (from channel) PC510 Basic
|-Fetch
Service In (from 1/Q) PC558
Service Out Pwrd (from channel) PC510
CBO Bits Active PC542
Modifier Bits to Data Buffer PC502
Address Bits to Data Buffer PC502 L
Modifier Bits to MPXPO Bus Out PC506
Address Bits to MPXPO Bus Out PC506
Mod. and Address Bits Sent to 1/0
Advance Time from Channel PC518
Strobe Pwrd PC510 ﬂ
Data Gated to Data Buffer
m—
Data Gated to MPXPO Bus Out %

! See Channel Exerciser Loop Program in the Channel
section of this manual for a program that can be used
with this command.

/ //_\\\
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1/0 Sense Instruction

FSL

Page
Control Processor T-Times PC110
Phase A PC110
1/0 Instruction PC138
Advance Time PC518
Sys Bus Out Valid PC230
Port Clock C-Times PC526
MPXPQ Bus Out Valid PC506
Control Out Pwrd PC510
Strobe Pwrd PC510
Service In PC558
Service Out Pwrd PC510
Strobe SDR Low Data PC526
Strobe SDR High Data PC526
Strobe LSR Data (WROL) PC526
CBOO PC542
CBO 1 Valid PC542
CBO 2 PC542
CBI Valid (Bit 4) PC502
MPXPO Data In Valid PC502
Load Data Buffer PC542
Gate Data Buffer to MPXPO PC506
Bus Out/Sys Bus In
Sys Bus In Valid PC506
Write LSR (if applicable) PC160
Storage Cycle (if applicable) PC012
Clock Port Register PC506
DBI/CBI Not Zero Check PC502
Notes:
1. First strobe to be used for normal sense

operations.

2. Fourth strobe to be used for normal
sense operations.

1/0 Control Sense Instruction

Control Processor T-Times
Phase A

1/0 Instruction

Advance Time

Sys Bus Out Valid

Port Clock C-Times
MPXPO Bus Out Valid
Control Out Pwrd

Strobe Pwrd

Service In

Service Out Pwrd

Strobe SDR Low Data
Strobe SDR High Data
Strobe LSR Data (WROL)
CBO 0 (don't care)

CBO 1 Valid (don’t care)
CBO 2 (don‘t care)

Gate Port Reg to Sys Bus In
(if applicable)

Gate Port Chks Reg to Sys Bus In

(if applicable)
Write LSR (if applicable)

Storage cycle (if applicable)

Select 1/0 Attachment; Send
Assemble Address and Command and Modifier to

Command in Channel Attachment on CBO and MPXPO Receive Data Byte from Attachment
Bus Out

200 ns

f—
T0 | m |Tz|73 |TsE|——: —————————— JI-———‘M |T5|TG |————————————————| T0 |m

P————— SDRISDR SR — —— —— —— — ——— —— — === L
Low ! High 1

C00 CO0 CO00 COO CO09 CO3) CO07 COF COE CO6 CO7 COF COEl C06 C12 C10 C18 C19 C13 C17 C1F CIE C16 C17 C1F CI1E C16 C02 CO0O COO COO COO

|

—™ Dev Addr and CBO

4

{(
))

T

.

o 1y

I

T LS() TiNote2) &

CBO

]

+~F—t+—tr—+——r——-+4 -

0for HO Stg or I/O Immed Sense; 1 for I/O Immed Control Sense .

JRUUNIDN RN S QUS4 U RpUi SN GUN U S— S —

;

J

i

L

S Data to LSR or Stg -

B e Sy |
Immed Stg
—

—+a4—+—t++

S 1
Dev Addr and Modifier,

FSL Assemble Address and
Page Command in Channel

200 ns '
!
PC110 T0|T1|T2|T3‘T3E{’ i |T4|T5lT6lTO

PC110

Receive Data Byte from Attachment

etc

PC138 T

PC518

Low | High
PC526 |CO0 CO0 COO CO0O CO09 CO3| Co7 COF COE CO06 CO0O COO COO COO0

PC230 | T SDR| SDR LSRAI——"l
|

PC506 T I

PC510

PC510

PC558

PC510

PC526 N

PC526 I

PC526 M

|
i
|
|
|
!
i
:
I
|
|
|
!

PC542

PC542 l 0 for Chan Sense L

PC542 I

PC506 J

PC506 r

PC160

PC012

I
!
St
I
I
|
|
I
|
!
I
|
I
I
!

Channel




1/0 Sense (Big Picture)

Assemble Select 1/0O Attachment; Send
Address and Command and Modifier to
C din | Attach on CBO and
Channel MPXPO Bus Out
Select Attachment Receive Data Byte from Attachment
CcPU T Channel | Attachment CcPU T Channel i Attachment
| Function | l |
Field | Dat
High SDR Low I Decode | - e I
i l I UTE mPxPo |
o . Data |
101 1] Modif F H2|R
odifier unction eg 2|l m Svmmm | In |
0 34 7 8 11 12 1315 | Bus In |
=~ |
) — N l | I
e | System : 1 l | |
| Bus Out | | T l Select I | |
TR b0 ctec 18D | |
] ~ 1
Ay VA l Bus Out ge gf | |
[ ~—- '3 1€ | |
80 _1112 15 I | 74 7777 | ]
evice p e 4
0000 | ‘ Sora ‘ ,$<Modmer/ Fun/ctlo/n H2| Reg 2 | ‘
WRO Low 1 Buffer | SDR ! ]
Assemble
Address and
FSL Command in Select 1/0 Attach Send C and Modifi
Page Channel to Attachment on CBO and MPXPO Bus Out Receive Data Byte from Attachment
CPU Clock pCc110 | T3 | T3A | T38 | T3E ¢ T4 T5 | Te | TeE {6 T | T
200 ns
BB /0 Instruction PC138 d -
Port Clock pcs26 | Coo | cos | co3 | co7 | coF | coe | cos§§co7 | coF | coe | cos | c12 | cio | ci18 | cio | c13 | c1i7 | c1iF | cie | cie§§ci7 | ciF | ciE | ci6 | co2
SDR Low to Channel PC220 | wmmeem i
SDR High to Channel PC220 —
B3 WRO Low to Channel PC230
Device Address and Modifier ~ PC506 .
MPXPO Bus Out A §
B command to CBO PC542 d,
Control Out Pwrd PC512 4 §
B strobe Pwrd PC512 (4 (4
B Service In PC558. J, "
) select LSR PC240
Write LSR PC160
Data to Port SBI PC506 {
Data to MPXPO Data In PC100 e e Py g
Service Out Pwrd PC512 = §
Advance Time PC518 ——
The first “strobe pwrd’ pulse after the rise of The rise of the ‘service in’ line signals the port
the ‘control out pwrd’ line signals the 1/0 that the 1/0 attachment has taken the
attachment that the device address and the information from the ‘command bus out” and
command information on the ‘command bus "MPXPO bus out’ lines. The rise of the ‘service
out’ and the "MPX PO bus out’ lines are valid. in’ line also signals the port that the data byte
on the ‘MPXPO data in’ lines is valid. The rise
of the ‘service out pwrd’ line signals the 1/0
attachment that the channel has taken the byte
from the ‘"MPXPO data in’ lines.
Main Storage Procassor (MSP) Controt Processor (CP) o
Sys Bus Out Low FromCP J | To Mst
I T ] @
:,‘;5' 'ﬁ:;m ; nI age [o —l ‘n_nsv MSP Control Gate o 1 ToCP, ff From MSF CP Gate Frocessing Und
(PM900-910) Gare ! G MS Control Storage Bus
— Control 15 15 15
e ) G2 o Q‘ E T
as:‘i\:s Setect m «:1 2uyten —= _‘
(PM000-299) ’_
e e i [ S oo ] hw[ o o ———— 8
R | | |y Lo | g I o e
san
() bl b fed ] [ — ...
] - FIIT T = = )
S e T Seve e ] ;o
[y
S Camat 0 CP 8un
‘ e
ke =
' =30 7
b ;a;l oca frivend e
Svs 8 Ot v -
cx 1 1Gae
T -
N  ———— - i,.L. o
p———————
[ nsormonen | b ”’ i t = ]
o wsGme 5 Gare b P Panty P S1sBusin
" ro e <=
D?:]
MSP Data Flow MSP Store Control CPStaus 2 CP Sys Control CP Data Flow Port
PM300-499) (PM700-899) (PCADN-499) (PC100-199) TPC200-299) {PCS02-558)

“Data flow bus lines may not pass through F RUs as shown.
* *See Card Locations for the A-A1 Board in Section 1.
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Start

I-fetch

I-fetch
operation

Bits 10,

m=10 MPS and

Select LSR WRO

MPLF

commands

LSR WROQ low (bits
8-11) contain the

low device address.

The channel clock
Gate channgl . is used to assemble
command bits the device address
from SDR low to and the command
channel

in the channei

Gate modifier
bits from SDR
high to channel

|

Gate device
address from
WRO low LSR to
channel

:

)

. Send command and the

Select’ the attachment a

modifier to the
attachment on CBO and
MPXPO bus out

Bit9=1 Yes
Sense
No
Load

Operation
complete

System Bus Out | Command

Function Bits Bus Out Command Mnemonic

8 9 101 012

0 00O 100 1/0 Load oL
Establish - —1 0 1 0 0 101 1/0 Sense 108
:::"c'fr'\/f:me n o 1 0 1 001 Sense Interrupt Level Status Byte SILSB
processor 1.0 0 0 110 1/0 Control Load 10CL
communication ﬂ 11 0 0 111 1/0 Control Sense 10CS

00 1 1 011 Jump on 1/0 Condition Jio

01t1o Base Cycle Steal

Perform control
processor sense

Perform control
processor load

Select LSR per

per bits 4-7 per bits 4-7 bits 13-156
and 12-15 and 12-15
End

Note: No communication takes place
between the control processor and the
channel/attachment

No

Transfer low Transfer high Store data from Store data from
byte from byte from attachment attachment
selected LSR selected LSR through port m through port
through port to through port to into low byte into high byte
attachment attachment of selected LSR m of selected LSR

—m
Complete
channel m
communication

b o e o o o — - — — - - e e

Diskette Attachment Diskette
Port 0 Seek
Jump on 1/O Condition, N/ et
- ] M Function Command Bus Out 02 5 Command Bus Out Seek Read
1/0 Immediate Ny [ S -, > — eady
3 M Decode Track Access Lines Controls Index SS
Base Cycle Steal * { N C Port Register Register [
CAS LT, pny
0 L
Cycle Device
Steal gddless/ o
Priority | 3‘"’ Channel o g mor;\ nd
ecode
Data Butfer b=~ ——T==8 '_‘ Controls
S.ysEusOUI 0 Command/
Bits 815, P1 g1 M W Data |
| Address/  pam4 7 3 MPXPOBusOutBits0-7 sort Dt B Out DBO Write BN Write wrie Date
Dsta e 5 _—; ERPREAREE TR Buffer Serializer » Data
S —> Register Buffer r Trigger
a 8 Gate eg| “‘
! Modifier/ I ‘
| Data 4 W
7
o & |
instevenon . " M service n Setvice In
A} L) \ Al T
J ~ N .
Command Bus In 0-5 Command Bus In 0-6 ¢ | command Bus In Bit 4 Jump on 1/0 Condition
e v rarr— G Y Test
[ T - < Condition -
W Port True Test Condition
Checks -—1
CBI Bit 4 Register {
(
T X
J 7
‘J“ Control Out_Pwrd ) Control Out Adapter
4 Cycle Steal L Strobe Pwrd/Service Out Pwrd o Strobe Controls
R M a1 Service Out
| Port v -
6 —-l Control
Port Status
ort Statu ( MPXPO Bus Out Bit P
Port Clock Sense
| Control
Agvnce Time dl P e py I i o0
Decodes { ¢ — Data
4 . |Busin Sense IRead
interrupts ) | galal Register k X mmAssembler ge:d _ s Read Data
ata P
i Port Data Bus In [ peorn eserializer)
é )T MPXPO Data In Bits 07, P 9 0 Ry Assembler x Buffer eqister
_ System Bus In Bits 815 s b | oL

PC = Parity Check
PG = Parity Generate

!
BE
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5-36

1/0 Sense (Detail)

[

ALU Gt Hi

ALU Gt Lo

2 ALU Zero

Assemble Select 1/0 Attachment; Send
Address and Command and Modifier 1o
Command in | Attachment on CBO and
Channel MPXPO Bus Out
Select Attachment Receive Data Byte from Attachment
-
cPU I Chann‘ei [ Attachment cPU l Channel | Attachment
I Function | |
Field |
High SDR Low | Decode | | Data |
| Buffer
| | ) MPXPO |
12
e . Data
10 11| Modifier | Function | H2| Reg 2 |l | @] ssem | o }
cC 34 7 8 11 12 1315 | ' LSRs ‘%}_
X4~ | |
) —— 1
{ System | ' | |
| Bus Out | Select m | |
/| Select LSR i I
gh or |
~N— ' L te l |
15
o S | N K | |
evice I Op}Modifier{Function| H2 | Reg 2
Address | 0000 | Data [ LN AN | '
WRO Low i Buffer | SDR 1 |
.
CP System Control Card A-A1G2 (A-A1D2 on Level 2 Board)
FSL AEO030 (Level 1 Board Only)
N ALUF 8110
Storage Bus an\‘n 9 f { ALU 4 ! unc Bit °
1 Fanction 2
§ mor |1 Bits 1 2
T1/72
: __,I. (——‘_ — % 2 _| Clocked MOR P Check
] l | SenseLoad MSP Regssters
e H7 | 1 { T3 and Phase A
it P Hi
Storage Bus Bit 8 = ! +] T4 Thu T6
9
10 T Les L+-.{ T7 Pwrd
n 9 ] ! — L——*-’l Pha
se A
12
13 *— St Stg Gt Hi Bit O Fixed 3
14 5 Reset SDR H\
15 Gate Stg Gate Hi Sel Bit 1
Bits Stg Gate Lo Bit 0
s Bus Bit Lo P
torage Bus Bit Lo f Stg Gate Lo Bit 1 n
100 ns Osc Pwed  p——
Special Sys Rst *_“ — I
Run LawchOCD | 2
Storage Cycle Request |~ { 1
Branch Cond Met | —— ! { Control Storage Access
. —«1 Control
Command Bus in Bit 4 Gated | 1 Storage —{ Single Cycle
BPCTgr 1 1 Access , 3 _4 ALU Gate Hi-Lo Sel 0
CB1 8it 1 Cycle Steal Read | ,L 1 1
CB1 8t O Cycle Steal tncr |—1 — 2
F ALY 3 | WeieStg e
Mode Selector SwBit1 | 3 Gate ———{ Write Stg Lo
2
I — ] Hi/Lo 16 Bit ALU Operation
3 1 —~ Write 1 1o
Control Storage Sw |- ] 1 Stg I 1
e 3 :mragescunu.ocn .
elect Storage Gate Data
o~ . l | Carry in
Carry in 1 )
Clock | Clock SAR and X Reg
Carry Log PCR Bit4 | SAR ~—>—]
3 Wate LSR Lo
Clock (és Write LSR Hi
Write LSR Clock ALU Gate Check Tgr
Hi/Lo
L————— ! —= Clock Stg Gate Check Gated
—— 1
) ——————{ T5 Not Display Storage
Clock
Stg 2 Status Cara 2 1
CSY.Tgr New | 2 Gate New LSR Addr Bit 4
Advance Time from Channel | Chack
— LSR Address 811 0
INT/CS LSR Decode 0
s wcoded | 5 — ! 5 !
2 > 10 2
| |8 L
Address Switch 3-48it2 | 2 5
Address Switch 3-4 Bit 3 LSR 3 I Status Sef 0
Address 1
MC Interrupt Lth 5 Status ] ] 2
New CSIPL Cycle I 4 Select 2| Stows Functon
CBI Bit 2 Cycle Steal Adr Sel 0 1 1 1
€81 84t 3 Cycle Steal Adr Sel 1 { :
CP Data Flow Card A-A1H2 {(A-A1E2 on Level 2 Board)
. FSL AED40 {Level 1 Board Only)
Board Tiedown |—@-
Storage Bus Bit Lo P
Storage BusBit15 | — 9
14
1 J . |
12 <
n ' ‘
10
9 ]
. Parity
8 SDR Hi SDR Lo 1 i SOR P Check
Storage Bus Bit Hi P
Storage Bus Bit 7
6
s 9
4
3 ] Stq Gare Hi Gen P Bt Test Pin
2
1
° v } vy 222 ]
CSY Tgr New ! A Parity
Reset SDR Hi - |—— 1 Stg Gt r Stg Gt 2 _} s1g Gate P Check
Sys Bus In Bit P Hi Lo "1 519 Gate Low Gen P Bit, Test Pin
15 —*
4
N 9 2 | Sys Bus Out Low P1
2 W] Sys Bus Out Low P2
n
10 k| L Driver
z Y S | Sys Bus Out Bt 8
3 9
B stGtHi8it0 Fixed 2 R 10
Stg Gt Hi Sel Bit 1 X Hi Reg Y Hi Reg X Lo Reg Y Lo Reg ; :;
2 Stg Gt Lo Bit O 2 13
.an Stg Gt Lo Bit 1 I“NVLPSV 14
Board Tieup |41 > s
Board Tiewp |-¢ 1
TLAAADB Y v ’ ‘ ’
T3 and Phase A |- 1 Carry
1 LSR
Clock SAR and X Reg |— ALU H —_—— ALU L |- ]
Special Sys Rst 1 ! ° o i
Select Stg Gate Data | 4’ N @
ALU Func B:t(‘) A A “I
Driver
2 1 ! | Pty Predict Carry Out He Test Py
3 1
T — 1 .
Carry In '._r ' { Data 4
L\ A J vy
ALU Gate HilLoSel0 | 3 Parity | ALUE
1 ] ot
2 All Ones Low
1

16 Bit ALU Operation }

t

Carry ot Ones

Sys Bus Out 811 0

LSR Address it 0 l
1
28
3
5
New LSR Addr Bit4
Write LSR Lo |

Write LSR Hi f—"

©
SMO B LR -

Sys Bus Out Hi Bu P
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(
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Assemble
Address and
FSL Command in Select 1/0 Attachment; Send Command and Modifier
Page Channel to Attachment on CBO and MPXPO Bus Out Receive Data Byte from Attachment
CPU Clock PC110 | T3 | T3A | T38 | T3E { T4 T5 T6 | T6E { §— To T
200 ns
i
I O Instruction PC138 41, ‘r " ¥
Port Clock PC526 Ccoo Cco9 co3 co7 COF COE €06 S S co7 COF COE Co6 Cc12 c10 Cci8 Cc19 c13 ci17 C1F C1E C16 S S ci17 CIF Cl1E C16 Cco2
SDR Low to Channel PC220 | wmmmm
SDR High to Channel PC220 .
n WRO Low to Channel PE€230
Device Address and Modifier ~ PC506
[ (
MPXPO Bus Out ) y—
B command to CBO PC542 \
Control Out Pwrd PC512 d
B strobe Pwrd PC512 QN [
ﬂ Service In PC558 ‘Y [
Select LSR PC240
Write LSR PC160
Data to Port SBI PC506 d §
Data to MPXPO Data In PC100
[ service Out Pwrd PC512
[ Advance Time PC518 ——
System Bus Out | Command
Function Bits Bus Out Command Mnemonic
8 9101 | 012
000 0 1.0 0 | 1/0Load 1oL
—{ 0100 1.0 1 | 1/0Sense 105 .
0 1 0 1 | 00 1 | Senseinterrupt Level Status Byte | _ SILSB Diskette Attachment Diskette
1 000 1 1 0 | 1/0 Control Load 1ocL
1100 1 1 _1_| 1/0 Control Sense 10CS
00 1 1 0 1 1 | Jumpon I/0 Condition JIo
0 1 0 | Base Cycle Steal K
C: d Bus Out
a ommand Bus Ou | sk
Track fAceess i
Register X—————
y
1/0
Channel | Command
Controls Decode
Instruction WRO Low
i i Device | Port Addr L
[¢] Medif Fi ort ess
[ P l ledifier l uncnonJHZ] Reg 21 LAddress 0000
0 34 78 111213 15 8 112 15 P DBO Write B Write .
L B > ort Data Bus Out » sutier ®! Seriatizer » 0ats Write Data
J\ Register Buffer T Trigger
[0 e
a | H
Sl 1 ]
SBO Bits 8- 11 1 !
. | Command Bus In Bit4 Jump on 1/0 Condition ; :
S8 Bits 811 T Test i
Condition |
8-11 Troe Test Condition 1 1
SBO Bits 12-15 1 ]
1 1
I |
Control Out Adapter : 1
u Strobe. Controls 1 :
Service Out 1 ]
I 1
! 1
| 1
I ]
Storage Gate High 1 I
Bit 0 Bit 1 Register Gated Thru Sense ] 1
o o SR High ] b e e e e e e e e e e o e o
0 1 SOR High
1 0 SBI Bits 815 Sense Condition
1 7 X Reg High Bits 0-3 4—-#
SDR Bits 47 Data Sense
Stg Gate High Bit P P Bus In
X w3 Assembler Read
Storage Gate Low B Em, Register [@ gead . ata Read Data
" " n us In ata Ly
Bit0 | Bit1 Register Gated Thru _ PortData Busin [0 y Butter Deserializer
O o 0 LSR Low - [Register
[z j 1 SDR Low IPL —
1 0 SBIBits 8-15
1 1 Gutput Stg Gate High
CP Port Card A-A1L2 (A-A1H2 on Level 2 Board)
FSL AEO70 (Level 1 Board Only)
8.19 ms Clock [ 5
Aicrointerrupt Request 4 ‘
Ints t Level 5 Req 3 .
" e;'upa oweia Function 3 Command Bus Out Bit 0
ys Bus Out Bit . code 1
° 4 M 8-11 | Decod ﬂ ;
10 ¥l ¢
" —
12
13
14 iL
18 [ CS Priority
Sys Bus Out Low P1 0 Port Register
- o
Data Buffer » Device
7 4 03, [o Address/
1/0 Instruction f— 3 Fa 811 Data MPXPO Bus Out Bit 0
» Device 1
System Reset |- ﬁ Address/ 2
Data 8 3
7 Pwed | 5 o cBO/ e a M
! g Data 5
3__ 6
Response | 2 4 o 7
MPXPQ Data In 0 —4 = 12-15 v SysBus InBit8
! 23, | Modifier/ |l > Gee %
Data 8
3 4.7,P o > "
a A o > ® 12
13
2 7 Port Checks FJ 14
7 2 Register j 15
P
1 { New Channel Check
4 L
Command BusIn 4 | ——————— 1 &} Control Out Pwrd
Command Bus In 6 | [} I i 1 | BPC Tor
1 : B
Service In | 2 Cycle J § Command Bus In Bit 4 Gated
g9 . Steal Disk Strobe
CBI Bit 1 Cycle Steal Read | 5 J Storage Cycle Request
5 Xfer Error Gated or J10 Echo
CBI Bit 2 Cycle Steal Adr Sel 0 |} ol Port 'l Service Out Pwrd
Control Strobe Pwrd n
Disk/Dskt {Load) BC Req,}f———l Port Status
New Base Cycle Req Y —" 2 E
Disk/Dskt Block Processor Clock "L 9 Port Clock 3 | Advence Time from Channel
Old Base Cycle Steal Request > C‘;" '°C l Sys Bus InBitP
MC Interrupt Lth 2 ntro MPXPO Bus Out Bit P
Phase A 5 Not Used
CSY Tgr to Channel INT/CS LSR Decode 0
POR or Reset Key |— 1 4 1
® —
Microinterrupt Request 1 Clock 2
2 Decodes interrupt Req to Run Lth
3 6 4 Proc interrupt 1
System Unit Lamp Test 2
Enable Interrupt 10 4
Run Latch OCD Interrupts
T3 and Phase A 2 Disk Burst Mode Gated
Board Tiedown 3 }——1
l 1
New Base Cycle Steal Request l — ’ = Nciisec

Lo
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Sense Interrupt Level Status Byte (SILSB)

;
\.
1011 Modifier | Function | H2 Reg 2 1/O Sense Interrupt Level Status Byte
0 3 4 7 8 1" 12 13 15 System Bus Out | Command s
Start Function Bits Bus Out Command Mnemonic /
8 91011 | 012 S
0000 100 | 1/0Load oL
This function of the 1/0 immediate instruction I-fetch 0 100 1.0 1 | 1/OSense 105 P
A JR N SN S —_—! 0 1 0 1 001 Sense Interrupt Level Status Byte SILSB I4
moves 1 byte of status information from the fetch operation o 0 o 71 o 110 Controf Load ocL J
I/0 attachment to the selected local storage 17100 1 1 1 | 1/0 Control Sense 10CS N
register. This status byte determines which ! 00 1 1 g : (1) .éumpconII/(; Cc:ndition JI0
. . . . ase Cycle Steal
devices are requesting service on a given Select LSR LSR WRO low

WRO low - —— (bits 8-11 contain
. interrupt level).

‘

Modifier (Bits 4-7): The modifier bits are Gate channel gy | Channel clockis

used to assemble

interrupt level.

specified for each device and are sent to the command bits from =t level and P
. . SDR low to channel | X /
1/0 attachment with the command. These bits | command in channel. :
specify what is to be done with the data byte. | |
Gate modifier bits n ~
from SDR high S {
. . . . to channel N
Function (Bits 8-11): The function bits are :
'sent to the channel where they are decoded l | -
. . 10 /
along with the operation code as a sense Gate interrupt n Select LS per m ¢
interrupt level status byte command. This level from WRO low |-~ bits 13-15
H LSR toch |
command is then sent to the 1/0 attachment o cranne P
on the ‘command bus out’ lines. | (
Send command and B o
B = modifier to all Yes
Bits 8-11 = 0101 attachments on CEO SN
and MPXPO bus out | [ )
H2 (Bit 12): Selects the low- or high-order 1 No
: 12
byte of the selected local storage register for Establish channel From attachment B Store interrupt Store interrupt
the current interrupt level: device and control | [ - through portto | ___| level status byte level status byte i
processor control processor. into LSR low into LSR high
communication n
H2 = 0: Low-order byte ]
-~
H2 = 1: High-order byte Ooeration Complete channel
complete > communications L
Register 2 (Bits 13-15): Selects one of the 4
eight work registers in the local storage register End )
stack for the current interrupt level. The i
selected register stores the byte of status s
information (containing the device that caused ]
the interrupt level) received from the |/0O [
attachment. hs
o
{
WRO Low (Bits 8-11): Contains the interrupt
level hexadecimal value used by the |/O -
£
attachment to select the byte of status ‘
. . X
information to be stored in the selected local
storage register.
e
Sense Interrupt Level Status Byte (Big Picture)
Main Storege Processar (MSP) Control Processor (CP) o <
o Fomer §_To t50
— iy 2 SNy [
Siore 1} Mo St 17 wsp 5P Control Gate - TocP, § From 4SP CP Gate '
me o | BET T =B = p—
ow s ] ) ) G o - I
(PMO00-209) Y; s
[ ‘ i ' M[ —
Sys Bus Out High From CP iy P 7 [ec
T =R .
_—%@_ 1 & sore (
o roe] [ [] ] [} moll | S ’ it
== N = i
RN | | T — -
E
i
o 1 Low
— |
=R =y 1
T T ’
J E
CP Status 1 Adt Sw182
(PC:100-399) ‘\‘
oy pasmans ]
ngﬁ .
ML__———D ,/
CPMS Gate —@ MS Gate int. :EGE'N:" Predict S i~
¢ e < p
5 Gare 0wt il ‘\\
T i ey Ty pAry s
“Data flow bus hnes may not pass through F RUs as shown. // -

“*See Card Locations for the A-A1 Board in Section 1



(

System Bus In Bits 8—15

Select Attachment
CPU I Channel 1‘ Attachment
i Function '
l Field l
I Decode I Interrupt
High  SDR Low | ' [ 6 | Level Default | Bit0 Bit 1 Bit 2 Bit 3 Bit4 Bit5 Bit6 Bit7
I CBO Bits 0—2 0001 33FD/53FD, Disk 2 Disk 1
1011 |Modifier | Function |H2 [ Reg 2 I Command 18] Data Data Data
| Fixed | Data
0010 Data
034 78 11121315 | | 001 | s Interrupt | Comm 1 g
N | l Timer | or MLCA
)2 H H : I 0011
(8§ ; System I' | | IL3
| Bus Out | ! MPXPO | 0100 33FD/53FD| Unit Work printer 1 Disk2 | Disk 1
I a3 T Bus Out } L4 Seek Record | Station 1 Seek Seek
|
| yl 0101
N LA | mSP
-_~ IL5
- | I Port Data l l T
8 12 = l I Bus Qut Send Status Byte to Channel
Interrupt | Port Address | | ) 4 Y
Level | Data I Bits 0—-3
0000 | Buffer I
WRO Low 1 1
Receive Status Byte from Attachment
| T
CPU } Channel i Attachment
I Data I
l Buffer |
System MPXPO
Bus In I Data | l
4 J 1 ata In J Y, / / ) J
LSRs @ g H
Select o I I
Select LSR ! I
Select High or
Low Byte I :
7] X - ] ]
Op | Modifier | Function] H2 | Reg 2 | |
y v
SDR l l
1 |
Assemble
Address and
FSL Command in Select 1/0 Attach ; Send C and Modifis
Page Channel to Attachment on CBO and MPXPO Bus Out Receive Data Byte from Attachment
CPU Clock PCI10 | T3 | T3A | T3B | T3E 4§ T4 Ts | Té | T6E . 4 — T | T
200 ns
1/0 Instruction PC138 | d § = §
Port Clock PC526 | COO | C09 | C03 | co7 | coF | coE | co6§§co7 | coF | coE | coe | c12 | cio | c18 | c19 | c13 | c17 | ciF | ciE | c16 §§c17 | c1F | cie | ci6 | co2
SDR Low to Channel PC220 | wemmma
SDR High to Channel PC220 —
I8 WRo Low to Channel PC230
Device Address and Modifier ~ PC506
MPXPO Bus Out X
n Command to CBO PC542 1, Ir
Control Out Pwrd PC512 =
Bl strobe Pwrd PC512 {4 (4.
) )
Bl service in PC558
M setect LSR PC240
Write LSR PC160
Data to Port SBI PC506 d §
Data to MPXPO Data In PC100 RN S S
{3 service Out Pwrd PC512 &
Advance Time PC518 ——E
Port0
8-11 R Work Station Attachment
Jump on 1/0 Cnm‘lilion,, )L Functi Command BusOut [ |
1/0 Immediate _—y D:::‘:" Semmend Bus Qut 022 > B stobe ccs Attachment Status o
Base 2‘" Steal 2 1' e Port Register Control Out » o Comtotter Statos D8I Buffert
‘ o Service Out Decode > DBI0-7
sl ﬁ;:ro:ss/ System Reset pcR | Status on hoBS
Steal | g
P Data Adapter -
% Priority o 3_ i Circuits Controlier | cpgo L
Data Buffer a2~ T ﬂ " CDBO J —p| COBO
e L Ly a e B
— el Device Data 5 rree I
X, | Address/ 4 7 | MPXPO Bus Out Bits 0-7 Multidevice Response ccso
Data ~ Data Bus Out £ T T Diagnostics o
3 — 5 PG [mumlp ————— . e —-
(4~ — ~mms P Gate —
N :::imr/ . I P> W 3 Level 4 Interrupt Request Jd Kk P rcR fem—p
1, Base Cycle Steal Request 4R il
¥
Y [E—y ([ Service In - pgo P
Command Bus In 0~5 - Command Bus In 0=5 4 l SERDES
< — T — < 15
o ¥ 1 T P s e o L
Checks 8 Docos 7 7 =
CBI Bit4 Register
— SERDES 6 & SERDES jmmmlpp!
- l - Cont ‘I; t Pwrd Control | Gy B~ 14 4 4-6,15
ntrol Out_Pwr
Cycle Steal Strobe Pwrd/Service Out Pwrd Serisl In
4 . -8
o SERDES Status
XL Port —~ pr————————
— 6—-l Control csl cB! 1
h Port Status BitS Bit4 Receive CBI/ CBI0-3
(¢ MPXPO Bus Out Bit P Binary b Cable - >
r Data Address —J
Regi:
s Port Clock corozs egister
P Control -— < Receive Data
T3 ] 1. T 3
u Ad Ti iver,
= wance Time o TN L. T v e
Decodes a— Transmit Data___¢
{ [ Transmit Binary Data Demodulator
7 Interrupts ) ¥
[ 3]
é-[ MPXPO Data In Bits 0-7, P oG Iban Bus In
I [=]
PC

——

PC = Parity Check
PG = Parity Generate

(313]
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S Sense Interrupt Level Status Byte (Detail)
0

Select Attachment 3
CcPU ] Channel : Attachment \ -
Ff’n“i‘)n | Interrupt
’;‘e“’d | Level | Default | Bit0 Bit 1 Bit2 Bit3 Bit4 Bit5 Bit6 Bit 7
ecode
Diskette "
High SDR Low |I B 1 0001 Data Disk B Disk A \
| s T (Note 1) Data Data
1011 {Modifier | Function {H2| Reg 2
I Fixed Data
0010 | Data
034 78 11121315 2 nterrupt | Comm 1 Comm 2
- Timer or MLCA ‘
4 \‘ 0011 .
(\ 3 i 1IL3
| System { Diskette i i Disk A
0100 Unit Work . Disk B
M 3 2 1
 Bus 0wt [ED L4 Data Record | Station1 | T e seek | ook s
| | n ﬁ ‘ {Note 2) (Note 3)
\ 4 0101
N 7 I MsP
-_7 | iLs
g 1 12 15 | port Data | I l
I Bus Out Send Status Byte to Channel -
/
Data | Bits O- l I
Buffer l
WRO Low | 1 e
Receive Status Byte from Attachment I /
T %
CPU Channel } Attachment
Data ! -
I Buffer l
System I MPXPO [ o
i , Busln I DataIn 13 )
| LSRs ¢ y o
{
Select - I \
10 l
Select LSR % |
Select High or P
Low Byte ‘ |I Notes: ’
| 1. Diskette level | data.
O | Modifier | Function] H2 | Reg 2 | | 2. Diskette level 1 seek or diskette level 2 -~
I | seek or data.
I I 3. 62EH disk A seek/62PC disk A and B seek
SDR )
1 1 or data. /
.
CP System Control Card A-A1G22 (A-A1D2 on Level 2 Board)
FSL AE030 (Level 1 Board Only)
Storage Bus Bu? 9 f L ALU a [ ALU Func B"? S
TTF
2 m— or || e l 2
3 ——— 3 N
4 T1/T2 1 —
5 —_— ]—»(__ —1 1 2 __|{ Clocked MOR P Check
6 ; | Sense/Load MSP Registers B
! I D e T3 and Phase A /
BitP Hi
Storage Bus Bitg - ! —] TAThuTE
T — 1 :
10 T7 Pwrd
1" 9 — Times I — 1 w =
— Phase A rd
12 - y
13 - Stg Stg Gt Hi Bit O Fixed {
14 G 5 Reset SDR Hi «
15 Ba‘e Stg Gate Hi Sel Bit 1 B
Storage Bus Bit Lo P ' its Stg Gate Lo Bit 0
orsse Bus B 1 Seomeionns BEE
100 ns Osc Pwrd f——— e
Special Sys Rst }—L--ﬁ e
Run Latch OCD | 2 3
Storage Cycle Request 1 - — .
age Cycle Request | ; : 1, B
Branch Cond Met | i — Control } Control Storage Access
N . } i ontrol ]
Command Bus in Bit 4 Gated | : i Storage | single Cycle
+BPCTgr p——— i Access . 3 ALU Gate Hi/Lo Sel 0 e
CBI Bit 1 Cycle Steal Read |—! 1 ' 1 {
CBI Bit 0 Cycle Steal Incr |- 1 i - 2 L
3 Write Stg Hi
Mode Selector Sw Bit 1 | 3 Gate r—'i Write Stg Lo
2 [ r e W'Lo . 16 Bit ALU Operation
Control Storage Sw |—1 I i sr\‘e ~| o /-
ageSw b ] L~ | T {
3 Storage Function A
p———>] Select Storage Gate Data -
lc
Carry in 1 erryin
Clcck + Clock SAR and X Reg -
Carry Log PCR Bit4 |1 SAR il ‘
[-.— __I \,
Clock CS 3 ‘ vvz:':e tzg ;0
Write LSR . ; p
Hi/Lo Clock ALU Gate Check Tgr A
1
———————————{ Clock Stg Gate Check Gated
— 1
—> ——————{ T5 Not Display Storage
Clock
Stg 2 Status Card 2/1 s
CSY Tgr New | 2 Gate New LSR Addr Bit 4 /
Advance Time from Channel | Check
INT/CS LSR Decode 0 | 4 | g« . LSR Address Bu?
1
2 ° i} > 2
3
Address Switch 3-4 Bit2 | 2 - 5 p
Address Switch 3-4 Bit 3 LSR 3 |Swwssero {
Address 1
MC Interrupt Lth T3] Status J 1 2 N
New CSIPL Cycle I 4 Select 2| Status Function 0
CBI Bit 2 Cycle Steal Adr Sel 0 l 1 1
CBI Bit 3 Cycle Steal Adr Sel 1 C

CP Data Flow Card A-A1H2 (A-A1E2 on Level 2 Board)
! FSL AEO040 (l.evel 1 Board Only)

Board Tiedown |—@
Storage Bus Bit Lo P —I—
Storage Bus Bit 15 | — 9 /

14
13 l >
12
1 ! v
10

9 — 7 Parity 1
8 SDR Hi SDR Lo »| SOR P Check .

Storage Bus Bit Hi P
Storage Bus Bit 7
6

111 —B5

1

CSY Tgr New b—— S Parity
Reset SDR Hi f————— Stg Gt Stg Gt 2 _| St Gate P Check /
Sys Bus In Bit P Hi Lo ™1 Stg Gate Low Gen P Bit, :

15 1

14
13 9 2 [ Sys Bus Out Low P1
12 P Sys Bus Out Low P2
1 y
0 L Driver
: | | Sys Bus Out Bit 8
v v 9
Stg Gt Hi Bit O Fixed 2 o 10
Stg Gt Hi Sel Bit 1 X Hi Reg Y Hi Reg X Lo Reg Y Lo Reg ; n :;
/
— b

1
»] Stg Gate Hi Gen P Bit..

oc=Nwa

Stg Gt Lo Bit 0 2
.usmcn_os.n AAA_D 5V .
Board Tieup -1 e 15
e F —
IWV*—‘*-”V P

Carry

Board Tieup

T3 and Phase A |—
Clock SAR and X Reg

ALU Hi —————————— ALULo 10

Special Sys Rst

Select Stg Gate Data

PSP PO g B
-
&
T

Carry in

vy \AJ

Parity

1
—| ALU Error Vs

v
t
k
L
-
ALU Func Bit0 7§ y Y B
1 Driver B . 1 ’
g 1 +{ Pty Predict Carry Out Hi,
|—] : !l LI

ALU Gate Hi/Lo Sel 0
1

All Ones Low

2 ALU Gt Hi ALU Gt Lo

" ALU Zero

! 2
—
16 Bit ALU Operation |— ! ) Carry or Ones .
LSR Address Bit 0 l l Sys Bus Out Bit 0
1
I S 3
-»>

1

§ e 2 /s

; /

5 a

New LSR Addr Bit 4 5 X .
Wete LSR Lo |1 6
Write LSR Hi ,L 1 7

Sys Bus Out Hi Bit P
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Assemble
Address and
FSL Command in Select 1/0 Attachment; Send Command and Modifier
Page Channel to Attachment on CBO and MPXPO Bus Out Receive Data Byte from Attachment
(
CPU Clock PC110 | T3 | T3A | T3B | T3E —4 ¢ T4 TS T6 T6E 4§ T0 T
200 ns
n 170 Instruction PC138 {, ’, { ’,—
d
Port Clock PC526 | COO | CO9 | CO3 | CO7 | COF | COE | €06 §co7 | coF | coe | cos | c12 | cto | ci8 | cig9 | ¢13 [ 17 | ciF  ciE cie§§ci7 | ciF | ciE | ci6 | coz
SDR Low to Channel PC220 | wemmmmm
SDR High to Channel PC220 -
I3 WRO Low to Channel PC230
Device Address and Modifier ~ PC506
MPXPO Bus Out d, pm
B command 10 cBO PCE42 d §
[
Control Out Pwrd PC512 s
B strobe Pwrd PC512 [ (¢
L A
B service In PC558 d
Select LSR PC240
ER) Write LSR PC160
Data to Port SBI PC506 { ¢
S T
Data to MPXPO Data In PC100
m Service Out Pwrd PC512 1: ll
Advance Time PC518
Storage Gate High
Bit0 | Bit1 Register Gated Thru
0 0 LSR High
0 1 SDR High Work Station Attachment
1 0 SBI Bits 8-15
1 1 X Reg High Bits 0-3 Command Bus Out
SDR Bits 47 .
Stg Gate High Bit P [ —Strebe ccB Attachment Status
Storage Gate Low Control Out Command Controller Status DBI Buffers
Bit0 | Bit1 Register Gated Thru Service Out Decode
a 0 LSR Low System Reset o PCR »| Status OR WR8LL 7
1 SDR Low v
[ SBI Bits 8-15 Adapter
- Circuit
1 Output Stg Gate High ircuits Conteater | cpa0 b
- mui COBO jmulp!
Service In (—
ultidevice Response CCBO
i 0 r T Diagnostics _T
Data Bus Out 3 E
MREISE IR —Cy
Level 4 Interrupt Request n ¢ = pcR  j—)
Base Cycle Steal Request R
System Bus Out | Command . < B [
Function Bits | Bus Out Command Mnemonic J
8 9101 | 01 pgo B
2 pgo [l
0000 1.0 0 | 1/O Load 1oL (
01 00 10 1 | 1/0Sense 108 SERDES
— 0 1 0 1 0 0 1| Sense Interrupt Level Status Byte | _ SILSB Contrall 15
1000 1 1 0 | 1/0 Control Load 10CL ntroller a— “ SERDES OR
T 1 0 0 | 1 1 1 | 1/0 Control Sense 10CS g"e'c"o'::"d — > 77 7-14 -
00 1 1 0 1 1 | Jump on I/0 Condition 310
0 1 0 | Base Cycle Steal A
DES 6 6 SERDES jummp
Control | e JE 14 4 4-6,15
Serial In
SERDES Status
cBl Bl
Bit5 8it4 Receive cBl/
Binary Lp| Cable SIS
Instruction WRO Low Data Address
’ Device | Port Address Register
L Op lMuduhev ] Functman?l Reg 2 I pon PR I _caio-s )
[ 34 78 111213 15 8 112 15 Receive Data (
~—— ~—— — 15—
I Driver/
; Receiver
Modulator/ Transmit Data (
. Transmit Binary Data Demodulator T
10
a
Data Bus In
Qe
SBO Bits 811
SBO Bits 8-11
8-11
SBO Bits 12-15
CP Port Card A-A1L2 (A-ATH2 on Level 2 Board)
FSL AEO070 (Level 1 Board Only)
8.19 ms Clock [ )
Microinterrupt Request 4 I 1
Interrupt Level 5 Req 3 Function 3 o I Command Bus Out Bit 0
Sys Bus Out Bit 8 2 811 Decode P> 1
. B cormns o
n =
12
13 j
14 *
15 CS Priority
Sys Bus Out Low P1 0 Port Register
- o
Data Buffer Device
U 4 0-3 . [o Address/
. 0 ! 4 E 811 % Data MPXPO Bus Out Bit 0
»| Device | R | | 1
System Reset |— L B Address/ )
g - Data 3 E 3
N . 5 N CBO/ (prnr—— a
7Pwrd | P Data M
_____ 6
' 2 4 7
sponse |- o
2
MPXPO Data In 0 Sys Bus In Bug
1 Modifier/ > Gate 10
2 Data i 8 1
o ] 1
3 ey B i
2 7 Port Checks J 14
7 2 Register j 15
P
1 | New Channel Check
Command Bus In 4 | 1} Control Out Pwrd
1
Command Bus In 5 |- ¥ { i | BPC Tor
1 :
ﬂ Service In | ) Cycle J § Command Bus In Bit 4 Gated
9 Steal Disk Strobe
CBI Bit 1 Cycle Steal Read } 5> 5 Storage Cycle Request
Xfer Error Gated or J10 Echo
Service Out Pwrd
CBI Bit 2 Cycle Steal Adr Sel 0 | Port I
Control Strobe Pwrd ﬂ
Disk/Dskt (Load) BC Req }—————1 PortStatus | &
New Base Cycle Req ~p—o 2 3 | Advance Time from Channe! 15 |
Dusk/DIskt Block Plrocesso'; Clock 9 Port Clock Sys Bus In Bit P
Old Base Cycle Steal Request %1 Control v] MPXPO Bus Out Bit P
MC Interrupt Lth 2
Phase A 5 Not Used
CSY Tar to Channel [ s INT/CS LSR Decode 0
POR or Reset Key |- Ji. _— 1
Microinterrupt Request 1 Clock 2
Decodes Interrupt Req to Run Lth
2 6 4 Proc Interrupt 1
System Unit Lamp Test 2
Enable Interrupt 10 | 4
Run Latch OCD nterrupts .
T3 and Phase A 2 Disk Burst Mode Gated
Board Tiedown 3
1 } ! »| Not Used
New Base Cycle Steal Request I = T
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&N Control Processor Load Function (MIPLF) Control Processor Sense (MPS)

<
o]
N
101 1| Modifier | Function | H2 | Reg 2 101 1| Modifier | Function | H2 | Reg 2
0 3 4 7 8 1 12 13 15 0 3 4 7 8 11 12 13 15 N/
This function of the 1/0 immediate instruction /

This function of the 1/0O immediate instruction
does not go to the channel but remains in the
control processor. It performs functions (such

does not go to the channel but remains in the
control processor. A byte of data is moved to a

as loading registers), sets/resets conditions, local storage register to be used by the TN
and enables/disables conditions. program. The byte contains one of the W/
following:

Modifier (Bits 4-7): Specifies the type of load Console status N

function to be performed by the command.
Address/Data switches 1-4

Function (Bits 8-11): Decoded by the control Processor condition register

processor as an internal load function when bits

10 and 11 are equal to binary 10. Interrupt status ./
Modifier 2 (Bits 12-15): Combines with bits Modifier (Bits 4-7): Selects the byte of data
4-7 to specify the type of load function to be or status to be moved to the selected local

performed by the command. storage register. AN

Function (Bits 8-11): Decoded by the control ‘
processor as an internal sense function when \
. bits 10 and 11 are equal to binary 10.

H2 (Bit 12): Selects the low- or high-order
byte of the selected local storage register for
the current interrupt level:
H2 = 0: Low-order byte s
H2 = 1: High-order byte

Register 2 (Bits 13-15): Selects one of the

R . . . Y/
eight work registers in the local storage register )
stack for the current interrupt level. The ]
selected register stores the byte of data to be “
used by the program. s

Control Processor Sense (MSP)
N
4567 |Bitod Bit1 Bit2 Bit3 Bit4 J
Control Processor Sense (Interrupt Status/Code)
The contents of 0011 Invalid
these bytes or Interrupt logout code
:Y\:vol‘tlt;:e:oa:‘ status - The interrupt code indicates which hardware £
LSR. This 0100 | Stop Main | Overlap | MsipL | 1/0 ~_ interrupt level the control processor was o
data can then Console key storage off device request step flag interrugt S 5 .
be used by the status address sele::t mode ::h:::lr( ' . . executlng on When the error Occurred that SN
¢ S 23 IS \
program. byte compare switch _ caused the logout. A decode of the interrupt
0101 | Switch3 | Switch3 | Switch 3 | Switch 3 | Switch 4 | Switch 4 | Switch 4 | Switch 4 - code in terms of a hardware interrupt level is as
Address/ 8 4 2 1 8 4 2 1 ol .
Data . oliows:
switches |
3and 4 N
0110 8.19 ms 16.38 ms | 32.77ms [ 65.54ms | 131.1ms [ 262.1ms | 5243 ms | 1s - lnterruPt COde
1/0 clocks : . (Bits 5'7)
low byte : d
- - Interrupt Level
0111 |32 64 128 256 612 1.02 3 . s . . :
A us us us us bs ms |205ms |4.10m . (Hex), Hardware Interrupt Level
high byte G
1001 Switch 1 | Switch 1 | Switch 1 | Switch 1 | Switch 2 | Switch 2 | Switch 2 | Switch 2 0 5
Q:tdaress/ 8 4 2 1 8 4 2 1 1 4/Base cycle steal
switches 2 Base cycle steal/Burst cycle steal -
1and 2 3 3
1010 SDR P MOR P Storage ALU Control Microloop| Main’ Main 4 2 )
CPU error check check gate P gate P storage time-out/ | storage storage
byte check check invalid SAR invalid excep 5 1/Bur5t cYcle Steal /
addr/ check addr/ tion/ i
e | el 7 0/Main level
check check check
1011, | Flag Plus Minus | Zero Carry High | Low| ’
PCR s ghlog | Lowlog i Equal log 1/0 Sense (I0OS) )

By checking channel check byte bit 6 = 1 (cycle
steal check), the CE can determine if the
interrupt was caused by a hardware level or a
cycle steal operation.

10S (Channel/Port) I
45 6 7 Bit 0 Bit 1 Bit 2 Bit 3 Bit4 Bit5
VAN
Sense Port : )
s 0000 Data A
Register
Sense Port [0 O O 1 MPXPO Invalid DB! 1/0 CBI/DBI | System | € Invalid
Error Byte| bus out device P check | time-out | not zero | busout port
address check P check
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1/0 Storage (WTCL, WTCH,
RDCL, RDCH, WTM, RDM)

WTCL (I/0 load from control storage low)
WTCH (I/0 load from control storage high)
RDCL (/0O store to control storage low)
RDCH (I/0 store to control storage high)
WTM  (I/0 load from main storage)

RDM  (I/0 store to main storage)

0 1 0 0| Modifier |0|W|C|D|V|Reg2

0 34 78 910111213 15

This instruction moves 1 byte of data between
either main storage or control storage and the
1/0 attachment.

Modifier (Bits 4-7): Specifies the control field
for the 1/0 attachment.

The field is moved to the attachment through
the port. Bit 4 of this field is used in the
control processor to select the high- or
low-order byte of control storage. When main
storage is being addressed, bit 4 is not used by
the control processor.

Bit 8: Changes the operation code (bits 0-3).
Bit 8 is always a 0.

W (Bit 9): Identifies the direction the data is
to be moved.

W = 0: Read data from storage and move it
to the I/0O attachment

W = 1: Write data to storage from the 1/0
attachment

C (Bit 10): Selects main storage or control
storage.

C = 0: Main storage

C = 1: Control storage

D (Bit 11): Indicates if the address in the local
storage register (specified by bits 13-15) is to
be increased or decreased.

D = 0: Increase the selected local storage
register by the value of field V

D = 1: Decrease the selected local storage
register by the value of field V

Note: Bits 8-11 are sent to the port where they
are decoded as either the load command or the
sense command. The command is then sent to
the 1/0 attachment on the ‘command bus out’
lines.

V (Bit 12): Indicates the amount the address
in the local storage register (specified by bits
13-15) should be increased or decreased. If V
= 0, the address in the selected local storage
register is not changed. If V = 1, the address in
the selected local storage register is decreased
or increased by 1, as specified by the bit setting

of field D.

Register 2 (Bits 13-15):

Selects one of the

eight local storage registers assigned to the
present interrupt level that contains the storage
address needed to move the data. The address
in the specified local storage register may be
updated as specified by bit 11 (field D) and bit

12 (field V).

Bits
489101112
001101
101101

001111
1011 11

001 1~
101100

o
o

0001
1001 01

(@)

0001 11
1001 11

0001 O
1001 00

o

X010 0 1

X010 11

X010 00

X000 0 1

X000 11

X0000O0

Legend for Bit 4:

X: Not used

Mnemonic
RDCL
RDCH

RDCL
RDCH

RDCL
RDCH

WTCL
WTCH

WTCL
WTCH

WTCL

WTCH

RDM

RDM

RDM

WTM

WTM

WTM

Description
1/0 store to control storage,
increase register 2 by 1

I/0O store to control storage,
decrease register 2 by 1

1/0 store to control storage,
no change to register 2

I/0 load from control storage,
increase register 2 by 1

1/0 load from control storage,
decrease register 2 by 1

1/0 load from control storage,
no change to register 2

I/0 store to main storage,
increase register 2 by 1

1/0 store to main storage,
decrease register 2 by 1

1/0 store to main storage,
no change to register 2

1/0 load from main storage,
increase register 2 by 1

1/0 load from main storage,
decrease register 2 by 1

1/0 load from main storage,
no change to register 2

5-43

Channel




g 1/0 Storage (Load-Big Picture)
o

Select Attachment )
(Address, Modifier, and Command to Attachment) Send Data Byte to Attachment/Receive Data Byte from Attachment
WROleol\iv | Channel | Attachment CPU I Channel | Attachment
. | Port Data | | Port Data |
Device 0000 Buffer Buffer
Address | | MPXPO |
8 1112 15 Main or
e 2= [ n MPXPC | B . | Bus Out
7 \T Bus Out ontro MPXPO|
[ B — Storage
! ' Data In
System | I
| Bus |l l LSR I |
o || | |
)) | | |
1| 10)
\ 1 2 | I |
N__" | Command a | |
— 1
op [Mod]o|w|c|p|v|reg 2]; | op [Moa[o[wlcTolV] eo] |
| Decode [ 0100 |4 2 || [
| Bits 8-12 | : I I
Assemble
Address and
FSL Command in Select 1/0 Attachment; Send Command and Modifier
Page Channel to Attachment on CBO and MPXPO Bus Out Receive Data Byte from Attachment
CPU Clock PCII0 | T3 | T3A | T3B | TSE < T4 | T5 | T6 | T6E { ¢ T0
ns
1/0 Instruction PC138 — {
Port Clock pcs26 | coo | coo | co3 | co7 | coF | coe | cos§§cor | coF | cce | cos | c12 | cio | c18 | ci9 | ¢13 | ci7 | ciF | c1E | ci6§§ci7 | ciF | c1E | ci6 | coz
SDR Low to Channel PC220 |
SDR High to Channel PC220 —
B8 WRO Low to Channel PC230
Device Address and Modifier ~ PC506
MPXPO Bus Out -
B command to CBO PCS542 d) G -
Control Out Pwrd PC512 ’, "
Bl strobe Pwrd PC512 $4 (g
B Service In PC558 ', ',
I setect LSR PC240
m Storage Cycle PCO12
B Data to Port s8I PC506 -
Data to MPXPO Data In PC100 ity e fusipus justpeshpesidputiusgiassgud o |
Service Out Pwrd PC612 1] 4,
Advance Time PC518 —
The first “strobe pwrd’ pulse after the rise of
the ‘control out pwrd’ line signals the 1/0
attachment that the device address and the
command information on the ‘command bus
out’ and "MPXPO bus out’ lines are valid. The
rise of the “service in’ line signals the port that
the 1/0 attachment has taken the information
from the ‘'command bus out’ and ‘'MPXPO bus
out’ lines and is ready to receive data.
The first “strobe pwrd’ pulse after the rise of
the "service out pwrd’ line signals the 1/0
attachment that the data byte on the "MPXPO
bus out’ lines is valid. The fall of the ‘service
in’ line signals the port that the 1/0 attachment
has taken the data byte from the 'MPXPO bus
out’ lines.
Main Storege Processor (MSP) Control Progessor (CP) don
! 17 1 s sionge
(PM900.910) Gate @t e Come St Bon Frocesaing U
il - g on i -
o = =] e =
, 2 la ‘
-
ATR (PM000-299) Storage 15
———— [ S ] - s B
=i vt B 0t v rance = ) o
E—“:-m | { | ey p— N f = s R | -
wihan m sore
) Lr’: | _!jf_ ? Cﬂ ‘o;?zl:m %E A-A1 Board
AF=- gﬁ@w_
e [ Sens Byis Gate
ER W Camor 10 G s
=]
P
Main Storage [
—
CP Status 1 tmia it
(PC200-399)
[ECTTE——
B ' R e meael
MSP Data Flow MSP Store Contro} CP Ctatus 2 CP Sys Control CP Data Flow Port
PM300.499) (PM700-899) (PC-100-499) (PC100-199) (PC200.299) {PCE02.550)

*Data f:0w bus iines may not pass through F RUs as shown.
**See Card Locations for the A-A1 Board in Section 1

e
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Start 1

I-fetch

I-fetch
operation

1

LSR WRO low (bits
8-11) contain the
device address

Select LSR WRO
low

T

Read from storage,
write to 1/0

Select LSR per
bits 13-15

The channel clock
is used to assemble
~| the device address
and the command in
the channel.

Gate channel
command bits
from SDR low
to channel

Load address in
X high, X low,
and SAR

I

Gate modifier
bits from SDR
high to channel

1

)
-
]
1
1
1
1
|
Gate device a
address from
WRO low LSR
to channel

Select the attachment

Send command and the

moditier to the aa
attachment on CBO and
MPXPO bus out

N

Load address into
MSAR. X high,
and X low

No No

Yes

Write to storage,
read from 1/0

-

Select LSR per
s 1305 m

Load address into
X high, X low,
and SAR

Yes

1o
serected LSF
address (req 21

Subtract 1 from
selected LSR
address (reg 2)

J___

Address main
storage

I

Add 1 to
selected LSR
address (reg 2)

Load data byte

Subtract 1 from

fre
selected LSR rom main o
address (reg 2) storage into

(reg 2)

—— 1

Establish
channel/device Address control Send data byte
and control storage through port to
processor attachment
communication
Send data byte ~
Complete
from control
Operation Bita Yes storage high channel
complete on through port to attachment
communication
attachment
No J
Send data byte
v Complete
from control
channel End
storage low S n
attachment
through port to
communication
attachment
Port 0
811
Jump on 1/0 Condition, ff, v 6]
1/0 Immediate N Function Command Bus Out 0—2
) Decode T

B
Bm(achlul 24 i P Commands

Cycle
Steal
Priority

Data Buffer

Sys Bus Out

Data

Port Register
]
Device

| MPXPO Bus Out Bits 0-7

Bits 815, P1
Modifier/

Data 4

vo B ’

ion P~
Instruction

Address/

Data

—i- ——— ]
[} Command/
Device Data
Address/  jum4 | : 7

Gate

( ¢ § (_service in
T Al T

Command Bus In 0—5

Command Bus In 0-5
S

——— 7

Load address into
MSAR, X high,
and X low

1 +
Yes Yes
Add 1 to Subtract 1 from

selected LSR
address (reg 2)

selected LSR
address (reg 2)

Address main i'l

storage

Add 1 10
selected LSR
address (reg 2)

L

Address control m
storage

Store data byte
in control
storage high

Yes

Complete
channel
attachment
communication

. BE 3

‘ Complete

Store data byte
in contro P

Disk Attachment

> Command Bus Out

Disk Strobe &C;ml Command
T7 Pwrd " |pecode
Controls

Cycle
Steal
s

Disk Burst Mode Gated _( 4 r‘
Al

+CSY Trigger

Disk Block
Processor Clock

Data Bus Out

r

Jump
on /O
Condition
CcBlI Bit4

Sense 1/0 Sense
Interrupt Control
Level

Status

Byte

Command
Bus In

Disk Burst Cycle Request ] j‘T

<« - o~
Port ' B
. Checks 8
CB1 Bit 4 Register -
S5 7.
Control Out Pwrd
R Cycle Steal (e A Strobe Pwrd/Service Out Pwrd ﬂ
B 1T =
I - Lo
6 —-l Control
1 F T Port Status
l—.. . MPXPO Bus Out Bit P
T
8N Port Clock

—
sl Control —]

T

Data Butfer J

| r

SERDES

tnterruot |

Lewe |

&
Advance Time oo s ( ons ¢
Decodes { ( Bus In
— 1 B &2 Busin Assembler
7 Interrupts 'l BE -
T MPXPO Data In Bits 07, P
9 PG

__ System Bus In Bits 8—15

-

PC = Parity Check
PG = Parity Generate

Disk
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1/0 Storage (Load-Detail)

Select Attachment

(Address, Modifier, and Command to Attachment)

Send Data Byte to Attachment/Receive Data Byte from Attachment

WROC{oliv I Channel l Attachment cPU | Channel | Attachment
Device | Port Data | | Port Data |
0000 Buffer Buffer
Address | | I MPXPO |
8 1112 12_\ | n MPXPG [ B Main or SBO Bus Out I | l
7 Bus Out Control
l \T B - Storage MPXPOI
| ' m SBI Data In
1 I 11 h*
I System | | [ m l
! Bus || | LSR | 13 |
Out
Wy 1 1 N 6| I |
(81§ T ~ Bl
ST - | Lo |
~__7 | Command | |
p— — 1
op | Modolwlc[o[v]Reg 2] o [ Mod|o[w]c|o[v]res] ! I
| Decode I 0100 2 I I
| Bits 8-12 ' ‘ I
MSP Storage Card
‘ ( SAn FSL AE010 (Level 1 Board Only) 3 ‘I‘]‘Ul g WRO Low
1 MSAR 10-15 (128-256) Address o woa Jolwlco]v] Res2 Device [ Port Address
—1 MsaR 1015 01281 o 34 7 8910111213 15 eAdd 11120000 15
———————————{ MSAR8,9 —_— —_—
_—-———{ MSAR 6,7 —_ 'Y _L ’
weom [ &Y™ ' +H TI rTI »ilLoTIL rJ i+ 1 ' i)
%/;11,2 X A A A a A A A A A 4]
:.eve?r; 8d) [———————1 8K Group Select 1 Selection ° ! 2 e s L A a SBO Bits 811
[ csxia 8 9 o 2] 13 e ]s|oe a SBO Bits 8-11
‘__I—‘ A a A A A A A A 811
l: Card Setect | — M § STNE SENE SRR 35N 3NN JU0E SR 3L SB0 Bis 1215
- H § BY 14 14 14 1é 1
——————— :0: Wit pse Lo H 01280 ) weze 1 L iy Py 1 Iy o T
{ Write pse LoH: (128-256; T T ? 1 ) 1 \f T n 1
------ ﬂ—_{—@ Daza Strobe (0-128) 8D/ l l Storage Gate High
_J Data Strobe (128-256) SA Bit0 Bit1 Register Gated Thru
WSP Data Flon N O W Ji a e
:;;:,:2 """ ﬁ: MSGT Out (0-128) | @ r | | | | | | | 1 0 S8 Bio8 TS
Level 1 Bd) M MSGT Out (128:256) I ! ! z ;‘D':il‘:ﬁ‘i'““*‘
Al Aatva Stg Gate High Bit P
U Note Storage Gate Low
Bit0 Bit1 Register Gated Thru
MspCr == ===~ MS Stor Bus (0-128) |
AALI2 ﬂ:': WS Stor Bus (128-256) | g 5 3 SoRtew
(N2on 1 0 SBI Bits 8-15
Level 1 Bd) 7 1 Output Stg Gate High
CP Storage Card
e FSL AE 010
F——1SARBIt615 gy v
Note: The storage select and repower card L
. . —— csv 12
A-A1V2 is used only in the level 2 board/ A1 Bd o = b H R
cards arrangement. The function of this Level 1 Level 2 Az e S S I I I B B B
card is to repower the control, address, and Bd/Cds Bd/Cds | MS Carci Select ATROt0 7 Lo 189 o ol o Tl o Tl ool
data lines between the main storage R2,S2 M2,N2 | 032K 0000 MR N GTIC a1 4448 d11 3118 ik 2 aits 4
processor and the lower and upper 128K T2, U2 P2, Q2 32.64K 0001 :Ii}'.fﬁf.:ﬂ.‘f: e L e
bytes of main storage. The dashed lines R4,S4 R2,S2 64-96K 0010 s AAA— DatsSirone [W T Ir lx Ix | Jr Ix 11 |
show direct connection between functions T4,U4 T2,U2 96-128K 0011 O O L N Tr
CP Data Flow 11
for the level 1 board/cards arrangement. - M4, N4 | 128-160K 0100 AATEZ (200 [——] SB0 /Lo 19,7 } ] e — -
- P4,Q4 | 160-192K 0101
- R4,S4 | 192-224K 0110 " .
_ T4, U4 224'2561< 01 11 f:::zaf»“n ._| H:‘;.'_‘:’\ ;‘P F——w

CP Data Flow Card A-A1H2 (A-A1E2 on Level 2 Board)

FSL AE04.0 (Level 1 Board Only)

' 1
Board Tiedown } : 4
Storage Bus Bit Lo P — 4
Storage Bus Bit 15 —
14
13 I
12 v 4
"
Kg) Pariy 1
8 SDR Hi SOR Lo | SOR P Crck
Storage Bus Bit Hi P
Storage Bus Bit 7
6
s 9
; L Siq Gate Hi Gon P 8u1
3 ; —— Siq Gate Hi Goen P 8L
2 } a 4]
1
\ A 4
0
s Tor New ) Panity
ar New —
Reset SDR Hi I—L—— Stg Gt Stg Gt 2 | S1qGate P Check
Sys Bus in Bit P Hi Lo 1 Sta Gawe Low Gen P But
ys Bus In Bit
‘s — | ]
1 2 | Sy« Bus Out Low P1
13 L] P svs8usOut Low P2
2
1
10 l Driver
9 - | § Svs Bus Out B11 8
8 . 7 y ?o
Stg Gt Hi Bit O Fixed 2 8 °
Stg Gt Hi Sel Bit 1 l X Hi Reg ¥ Hi Reg X Lo Reg Y Lo Reg aan |
Stg G 2 13
g Gt Lo Bit 0 —
n Stg Gt Lo Brt 1 I‘AMJ +5V l ::
Board Tieup ',_v:
|
Board Tieup |- r ﬁ r
L A\ M*SV
T3 and Phase A } 1 v Carry
and Phase A | ] LsR
Clock SAR and X Reg |
ock SARane XA T ) —=  ALUHi ALU Lo —’1 o
Speciat Sys Rst p— Lo Hi
Setect Stq Gate Data | 4' — 1
ALU Func Bit 0 ] a4 &
; Oriver ] ‘4_. Pty Predict Carty Out H
3 1 L 1 | Daa 4
Carry In ", ' o P 8 ';
v
ALU Gate Hi/Lo Sel 0 | 3 anty ! +| ALUEnor
! Ali Ones Low
2| ALU Gt Hi ALU Gt Lo 2 | ALy zeo
1 Carry o1 Ones
16 Bit ALU Operation |
LSR Address Bit 0 l l | Svs Bus Out Bt &‘1
1
6 2
1 2
| .
5 9.
New LSR Addr 8it4 > . 2
Write LSR Lo } : l 7
Sys Bus Qut Hi Bat P

Write LSR Hi }
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Assemble
Address and
FSL Command in Select 1/0 Attach ; Send C dand M
Page Channel to Attachment on CBO and MPXPO Bus Out Receive Data Byte from Attachment
CPU Clock PCII0 | T3 | T3A | T38| T3E —{ Ta | T5 | Te | TeE —4§ 0
B ' 0 instuction PC138 ol 4 §
Port Clock PC526 | CO0 | €09 | co3 | co7 | CoF | coe | coe§§co7 | coF | coe | cos | c12 [ cio | ci8 [ cio | c13 | c17 | ciF | ciE | cie§§ci7 | ciF | cie | ci6 | co2
SDR Low to Channel PC220 | wmmen
SDR High to Channel PC220 ——
I WRO Low to Channe PC230 |
B Device Addiess and Moditier  PC506
MPXPO Bus Out [
) )
B command o CBO PC542 G
Control Out Pwrd PC512 d &
B3 strobe Pwrd PC512 44 (y
{ ¢
B service n PC558 B,
[ select LSR PC240
Storage Cycle PC012
Data to Port SBI PC506 —
Data to MPXPO Data Ih PC100
[ service Out Pwrd PC512
8 Advance Time PC518 —

T1

CP Storage Control Card A-A1F2 (A-A1C2 on Level 2 Board)
FSL AE020 (Level 1 Board Only)

MSP Clocks Stopped |—1 MsP
Run ! ‘—! MSP Run Indicator
System Unit Lamp Test |—! Indicator
Sys Bus Out Hi Bit 0 Display SBO B":
; 10
3 8 Display 9 1
4 SBO - ‘|§
s{ 9 _ T Bits a e
6 > 15
7
M [11] 15 P
o
. SAR SAR Bit 6
7
Sys Bus Out Lo Bit 8 0 8
0 10 H
o 10
:; 9 o || Parity > 0E
13 v Gen o 12
14 Address 13
14
15 and 15
P1 15 3 SAR
Checking
3 2 Ctl Stg Address Chk
16K Jumper = 0 and 1 Jumper 16K |— | CtIStg SAR P Chk
D [l Jx:mp:r pin 0| Card Select 0—16K CS
[ Gcation
Not Used
cecee >
<o 5 Not Used
eoee
1 Not Used
I:—‘\O_L‘ Card 10 csx 1
Ll IJLI ]JL‘ JJ Select csx 2
csx 3
H__JJ csx 4
" 1 ™ csv 1
lock SA
Clock SAR and X Reg }———1 — oes pood
it
CSY Tor New
MS CSY Tgr Signal L 4 CSY Tar to Channel
TS Not Display Stg
» Write MSP Register
Sense/Load MSP Registers csy 8K Group Select
Control Storage Access }'——‘ Lo . Tor
i 1 Storage Cycle 100 ns 1
Storage Function l——| - ————————{ 100 ns Osc Pwrd
cnec:g; Switch 2 s Osc
un Switcl torage
Write Stg Hi 150 ns
. Clock 2 ] €S Write Pulse High
Wiite Stg Lo | | CS Write Pulse Low
100 ns Osc Pwrd | r ' Advance Clock From Channel
3 —~ Write Main Storage
CP Clock SAR Gated
Main St ! |
MSP Write Main Storage | 2 9 —>| Main Stg Op Tar
1/0 Instruction [ Op Tgr
- +
Phase A |- System Reset 1 | System Reset
Data 4
BPC Tgr Sys New CSIPL Cycle
Processor Check | 6 Rst 5 | CSIPL Cycle
POR or Reset Key Load Indicator
Load Key Pressed Int I Transfer Complete
Load Key Released Special Sys Rst
CP Port Card A-A1L2 (A-A1H2 on Level 2 Board)
FSL AE070 (Level 1 Board Only)
8.19 ms Clock 2
Microinterrupt Request 4 ! l
Interrupt Level 5 Req 3 Function 3 | Command Bus Out Bit 0
Sys Bus Out Bit 8 4 811 Decode > 1
o
o s e 2 N l 2
0
1 ™
a:
13 J )
1
15 CS Priority
Sys Bus Out Low P1 0 Port Register
l Data Buffer Device
7 4 03, o 1 Address/
» Data .
170 Instruction } 3 o 811 MPXPO Bus Out Bit 0
> Device | R | | 1
2
System Reset | ﬁ Address/  mmend 2
Data 8~
L 5 o | cBO/ a
T7 Pwed |- , Data Z
L 2 4 R 7
i T
MPXPO Data In 0 v Sys Bus In Bit 8
ata In
12-15 9
1 P Moditier/ A P Gate 10
2 Data )¢ 8 o 1
; 4 iy - 12
4 >
13
5 7 Port Checks 14
s 2 Register ’ 15
° 1
—| New Channel Check
Command Bus In 4 |- — 1 & Contro! Out Pwrd
t
—_—!
Command Bus In 5 | * & l i | BPC Tor
. 1 { Command Bus In Bit 4 Gated
Service In | 2 Cycle .
CBt Bit 1 Cycle Steal Read |- torage Cycle Requs
1 el st Teea 6, 5 Xfer Error Gated or J10 Echo
Service Out Pwrd
CBI Bit 2 Cycle Steal Adr Sel 0 |- o] C::::OI I Strobe Prord
Disk/Dskt (Load) BC Req }——————! Port Status
New Base Cycle Req ? L 2 2 3 Advance Time from Channel
Disk/Dskt Block Processor Clock 9 1 Port Clock Sys Bus In Bit P
Oild Base Cycle Steal Request > = Control MPXPO Bus Out Bit P
MC Interrupt Lth
Phase A l 5 Not Used
CSY Tar to Channel T r . INT/CS LSR Decode:)
POR or Reset Key | _—
o Clock 2
Microinterrupt Request 1
2 Decodes Interrupt Req to Run Lth
3 6 4 Proc Interrupt 1
System Unit Lamp Test o 2
Enable Interrupt 1
Run Latch OED Interrupts 1
T3 and Phase A 2 Disk Burst Mode Gated
Board Tiedown 3
a— 1 ! Not Usea
New Base Cycle Steal Request I e
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1/0 Storage (Sense—Big Picture)

B Control

u Bus Out ’ .
— Storage
3]

l
| LSR
|

=
(=

~_

Command

Op Mod|0}W|C|D|V| Reg

Decode l 0100 |4
Bits 8-12 |

Op [Mod|0|W|C|D|V|Reg 2

lect Attach t .
(S::Sress, I?Ifo;:z:r, and Command to Attachment) Send Data Byte to Attachment/Receive Data Byte from Attachment
CPU | Channel | Attachment cPU | Channel | Attachment
WBO Low | Port Data | | Port Data |
Device 0000 Buffer Buffer
Address | | MPXPO lm
8 1112 ,13“\ MPXPC ' Main or m BO Bus Out

Assemble
Address and
FSL Command in Select 1/0 Attachment; Send Command and Modifier

Page Channel to Attachment on CBO and MPXPO Bus Out Send Data Byte to Attachment

T0

(
@
CPU Clock PC110 T3A | T3B | T3E —4§ ‘—T Ta | T5 | T6 | TeE —

[ —

T3
200 ns
{

Y

1/0 Instruction PC138 h )

(
"
Port Clock PC526 Coo Co9 Co3 Cco7 COF COE Co6 S S co7 COF cot: Co6 Cc12 c10 c18 C19 C13 c17 C1F CiE C16 S S c17 C1F

SDR Low to Channel PC220 | '
. ; !

SDR High to Channel PC220 !

n WRO Low to Channel PC230 —————— ) i

Device Address and Modifier  PC506
MPXPQ Bus Out H l/ )

B command 10 CBO PC542 ! ‘ (

Control Out Puwrd PC510

CiE Cie Co2

B strobe Pwid PC510

ﬂ Service In PC558 '
i
M select LSR PC240

Storage Cycle PC230

Gate SDR to Channel PC220

Data to MPXPO Bus Out PCO24 i

@ service Ot Pwid PC510

Advance Time PC518 . : !

T

The first ‘strobe pwrd’ pulse after the rise of
the “control out pwrd’ line signals the 1/0
attachment that the device address and the
command information on the ‘command bus
out’ and the "MPXPO bus out’ lines are valid.

The rise of the ‘service in’ line signals the port
that the 1/0 attachment has taken the
information from the ‘command bus out’ and
‘MPXPO bus out’ lines. The rise of the "service
in’ line also signals the port that the data byte
on the ‘'MPXPO data in’ lines is valid. The rise
of the “service out pwrd’ line signals the 1/0
attachment that the channel has taken the byte
from the "MPXPO data in’ lines.

Main Storage Processor (MSP) Control Processor (CP)

Port/
Channet

> MsP
A

Svs Bus Out Low. From CP

{::}, oo, fforvseceGue
f o — 4 Conro' Storage Bus

m NS Storage Bus

=

Processing Unit

Mainstore |
s 110280

(PM300-910)

Corra— =
stere | |
‘€S 11011 i

s

Contrat
Storage Bus

.
(5 TaE

° M

7
[
o
To MSP

Fromce e

3
Stere
Cotrol
(P(:000.
09))

A-A1 Board

|

-
- Lt

[T][ s Controt 1o P Bus

Main Storage
Adaress
Compare

Main Storage
Address

Come i
Euent ing 7] oy I MMJ
Han 1
. Lo
i oot [ BY® i | S ——
on i
A= |

P Status 1
(PC300-399)

ALU Gate

)_J_.‘ 6 sy

U

LEGEND
PP Panty Pradict

Tl

Svi Bus in

1 Gate
MS Gate Int

o A
°C
°G|

CP WS Gate

PG Parity Generate
PC - Parity Check

S Gate Out
CP Data Flow

(PC200-299)

CP Status 2 CP Svs Control
(PC400-499) (PC100-199)

MSP Store Control
(PM700-899)

SP Data Frow (PM300 490

Port

(PC502:558)

“Data l'ow bus | nes M3, 10! Dass through FRUs as shown.
*See Card Locat 075 ‘07 the A AT Board in Section 1



Ifetch

I-fetch
operation

I

Read from storage,
write 1o 1/0

s

bits 13-15

Select LSR WRO
low

LSR WRO low (bits
8-11) contain the
device address

Bit 10 No

-

on
Yes

Gate channel
\ B
L 4 command bits | S
from SDR low
to channel

The channel clock

is used to assemble
the device address
and the command in
the channel

Load address in
X high, X low,
and SAR

11

Gate modifier

bits from SDR ==

high to channel

—

i Gate device
address from
WRO low LSR
to channet

1

Select the attachment

.-An

Send command and the
modifier to the
attachment on CBO and

(

MPXPO bus out a
3 Establish 7]
g channet/device
and control a
processor

communication

Operation
complete

(

(

Jump on 1/0 Condition,
)

1/0 Immed;

Function

Select LSR per m

MSP clock !
stop
Yes

Load address into
MSAR, X high,
and X low

Write 1o storage,
read from 1/0

Select LSR per
bits 13:15

Load address into
X high, X low,
and SAR

Add 1 to
selected LSR
address (reg 2)

Subtract 1 from
selected LSR
address (reg 2)

I

Address main
storage

T

Loaat cata byte

1._

storage

Address control m

Add 1 to Subtract 1 from h
selected LSR selected LSR '°”_“ main
address (reg 2) address (reg 2) storage into SOR
(reg 2)
t T

Send data byte
through port to

attachment
Send data byte Complet
wa ves from control cm"::' ¢
Bit storage high et
- T I
attachment
No 1
Send data byte Complete [14]
from control
channel End
storage low r———— n
through port to attachment
svacnmems | 6} 1]
Port 0

Command Bus Out 0-2
————

Decode

(4
(4
Y
Yo Commands

Steal
Priority

-
Cycle L

/

\ Data Buffer

ys Bus Out 0
Bits 815, P1 8-11 g

G

10 |
Instruction™

Data
3
4

Data
7

Device
Address/

Modifier/

Port Register

Command/
Data
7

A

Command Bus In 0—-5

Gate

MPXPO Bus Out Bits 0-7 [

_8_

( Service In
) {.

Command Bus In 0-5
e S —

CBI Bit 4 b
(e

=)
P>
{
T led T
1

o

Register
i Y ] i S
- Control Out Pwrd
1 Cycle Steal _ Strobe Pwrd/Service Out Pwrd o
L8 | Port —~ -
6 ——] Control
“v TrT Port Status
i MPXPO Bus Out Bit P
M"Y
J Port Clock
)| Control —l
L Advance Time Gock 13 ¢
Decodes “ —
7 e
Interrupts ) ¥

MPXPO Data In Bits 0-7, P

—

(

W/

PG
.

‘.—*—r

\ Yes

Load address into
MSAR, X high,
and X low

Yes

Add 1 to
selected LSR
address (reg 2)

Subtract 1 from
selected LSR
address (reg 2)

Address main
storage

P
aao-ess e 2

Address control

storage
Yes Store data byte C:mnlelu
Bit4 in control e ment
on storage high 2ttachmen
communication
No T
Complete
Store data byte Pt
in control "1 Enc
attachment
storage low .
Disk Attachment
Disk Strobe 10 Command
Channel >
T7 Pwrd "
i Controls Decode

Disk Burst Mode Gated

o
—1
Jump Sense 1/0 Sense | {1/0 Load
on 110 Interrupt | | Controt Control
Condition Is_'ev‘el Sense Load
CBIBit4 atus
' Byte 1/0 Storage| I/ Storage| ‘ ‘_— ]
Command ) J‘ l J A
us |
Qe —
B 1 Data Buffer
Disk Burst Cycle Request ¢ T
o L mm—
Read
Diagnostic SERDES
Mode
Write
Interrupt
G
Data ;wel 10
Bus In < tatus Control
Data Bus In | Assembler Sense

'—_——v L————!

Disk
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1/0 Storage (Load-Detail)

Send Data Byte to Attachment/Receive Data Byte from Attachment

Select Attachment
(Address, Modifier, and Cc d to Attachment)
CPU | Channel | Attachment
W.R 0 Low ‘ Port Data I
Device 0000 Buffer
Address | |
8 1112 15
N | vexeG | B
I
|

CcPU | Channel | Attachment
| Port Data I
Buffer

Main or
Control
Storage

MPXPO|
Data In

| LSR I |
1) |
0 | : :
L ! | |
Op |Mod X o0 |moa]o[w]c]o[V] Reg] | |
| Decode | 0100 |4 2| |
| Bits 8-12 | | |
MSP Storage Card
! : FSL AE010 (l.evel 1 Board Only) b
| MsAR 1015 (128:256) ress = Y Device | Port Addre
e @ (o Lo PMERMT=] (e
o 34 7 8910111213 15 8 112 15
[————————————————{ MSARS.9 I ~—— e e
e — N DR NG DRA DRE BRE BUA BN 1 1‘
wsom |1 f ¥ 2EF RIE AT AT 2AF 21 nJl
:..;“_2 X A A A A A A A A A
Love 1 Bd) |———— 8K Group Select Selection 0 ! 2 31 5 L I SBO Bits 811
| cosx 14 8 | 9 | w | 2| 3] afs]| e SBO Bits 8-11
—1_‘ A A a A A A A A A a1t
Card Setect | — H § AWK TG ANEE F16E U0E 300K WAE W3 SBO Bits 12215
1 - 1& 1é L 1o 17
“—_“_B:: Virite ose Lo Hi (0-1281 wir te T )l HD ¢ 1 T 1
Write pse Lo/Hr {128-256) T 7 —1 ‘. T ;
______ Data Strobe 10-128) 8D/ Storage Gate High
:0: Data Strobe (128.266) SA Bit0 | Bit1 Register Gated Thru
MSP Data Flow | | { TT I T T I a 0 0 LSR High
P - ot (@ e e
Level 1 Bd) a2 B: MSGT Out (128-256) , 1 1 X Reg High Bits 0-3
1 SOR Bits4-7
11 ! C::VQ Stg Gate High Bit P
v Storage Gate Low
MsPCul - ~-=-- MS Stor Bus (0-128) | o Bit0 | Bit1 Register Gated Thru
A-A12 :0: MS Stor Bus (128-256) | : ? ;;ﬁ Lo
(N2 on 1 0 SBIBits 815
Level 1 Bd) 1 1 Output Stg Gate High
- CP Storage Card
Adress FSL AE 010
’—1 SAR Bit 615
Note: The storage select and repower card — —
. . | csv
A-A1V2 is used only in the level 2 board/ A1 Bd o e {F R8¢ R3f Raf Naf Raf Taf mE
- . trl x ] A A A A
cards arrangement. The function of this Level 1 Level 2 a2 I Scton N R I (O B B A B B
A
card is to repower the control, address, and Bd/Cds Bd/Cds | MS Card Select ATROto7 e 180 csx e T W T TS
. . L J A A a A A A A A A
r
data lines between the main storage R2,S2 M2, N2 0.32K 0000 _ 108 311 4413 atts auis i
processor and the lower and upper 128K T2. U2 P2 Q2 32.64K 0001 Gt et D16 wite D 0 R P D
. . . . ::’ e e s
bytes of main storage. The dashed lines R4,S4 R2,S2 | 64-96K 0010 8 MV s HER I T 1] l
SA
show direct connection between functions T4,U4 T2,U2 96-128< 0011 I O A r,
CP Data Fiow
for the level 1 board/cards arrangement. - M4, N4 128-160K 0100 AATER N2on -——{saon.,mma,v:l | I |
- P4, Q4 160-192K 0101
- R4,s4 | 192-224K 0110 p——" s
— T4, U4 224-256K 0111 b2 zen L—’ Hilo 18, P !————
CP Data Flow Card A-ATH2 (A-A1E2 on Level 2 Board)
. , FSL AE040 (Level 1 Board Only)
Board Tiedown H—@
Storage Bus Bit Lo P L
Storage Bus Bt 15 | — 9
4 a
' |
" 2 !
10
. SDR Hi Parity SOR Lo | SOR P Chck
Storage Bus Bit Hi P l——.
Storage Bus Bit 7
6
5 9
; n ! | Stq Gate Hi Gen P 81t
2
: 17} a 1 X2
CSY Tgr N + ! p— Parity
Reset sg[’)Her:: 1—1————— Stg Gt J’__‘ Stg Gt 2 1 Stg Gate P Check
Sys Bus In Bit P Hi ' Lo 1 Sty Gate Low Gen P Bit
45 Bus In Bit
15
14 | 2 | Sy<Bus Out Low P1
‘; 9 P Sys Bus Out Low P2
1
10 Driver
. TS 1 l Sys Bus Out Bit 8
8 v 9
Stg Gt Hi Bit O Fixed '2—_ " :z‘)
Stg Gt Hi Sel Bit 1 : X Hi Reg Y Hi Reg X Lo Reg Y Lo Reg > ll 12
o0 Bi 2 13
BBn 0 -] [ :
Board Tieup | : . 15
Board Tieup F‘ v 3 r ﬁ F
T3 and Phase A | vy : Carry o
Clock SAR and X Reg }— ; ALU Hi ALU Lo " 1
Special Sys Rst | Lo Hi
Select Stg Gate Data f— ; — e
ALU Func Bit 0 r A ‘_‘
; ],J Driver ] § ! | Pty Predict Cany Out Hi
3 . 1 l LY
1 | Datad
cw.n.—j Y ¥ oo (22X
ALU Gate Hi/LoSel 0 | 3 arity 1 -] ALU Ercor
; I ALU Gt Hi All Ones Low ALU Gt Lo _J 2 | Aoz
16 Bit ALU Operation |- Carry or Ones
LSR Address Bit t‘) j l Sys Bus Out Bit ?
: —]‘* :
5 9 4
New LSR Addr Bit 4 —- -5
1 6

Write LSR Lo }

7

Write LSR Hi —1

Sys Bus Out Hi B P




Al 4

-

——

\™ 4

(

( € (

(

A 4

Assemble
Address and
FSL Command in Select 1/0 Attachment; Send Command and Modifier
Page Channel to Attachment on CBO and MPXPO Bus Out Send Data Byte to Attachment
PU Clock P { (- (¢
CPU Cloc C110 20TU3V\S T3A T38 T3E 3 Y T4 T5 T6 T6E 3 Y T0 T1
1/0 Instruction PC138 4‘, (, d §
=B,
Port Clock PC526 Coo €09 Cco3 co7 COF COE Co6 S S co7 COF COE Co6 c12 c10 ci8 Cc19 Cc13 c17 C1F C1E c16 S S c17 CiF C1E C16 C02
SDR Low to Channel PC220
SDR High to Channel PC220
I8 WRO Low to Channel PC230
Device Address and Modifier ~ PC506
MPXPO Bus Out c d
B command to CBO PC542 : -, (o
Control Out Pwrd PC510 { §
Bl strobe  Pwrd PC510 (¢ (¢
) ) )
B service In PC558 [
L)
M select LR PC240
IR storage Cycle PC230 ———
Gate SDR to Channel PC220 ———
Data to MPXPO Bus Out PC024 . {
)T
M service Out  Pwrd PC510 d |
m Advance Time PC518 | ——
: | o
CP Storage Control Card A-A1F2 (A-A1C2 on Level 2 Board)
FSL AE020 (Level 1 Board Only)
— .
MSP Clocks Stopped }— 1 MSP
Run ! MSP Run Indicstor
System Unit Lamp Test | Indicator
Sys Bus Out Hi Bit 0 | Cisplay SBO B 8
9
1
10
; 8 Display 3 ﬂ n "
4 $BO : .
s{ 9 _ > Bits ! B f
6 > .
7 | i
M 15 p
o
o SAR SAR Bt 6
Sys Bus Out Lo Bit 8 0 ;
9
9
10 10 11 J
1l 9 o Parity "
12 g Gen 2
" 0|l Address 12
15 1 and I 4
P1 15 3 SAR 8
Checking
! 2 Cti Sty Address Chk
16K Jumper = 0 and 1 Jumper 16K | | CtiStgSAR P Chk
o J\:r:per pin 3[ Card Select 016K CS
= , OI0; :
f m— oo SI Not Used
Not Used
e Card 10 csx 1
Select CSx 2
T T
csx 4
Clock SARa»dXRegl__l* > csy 1
csy 2
Bit2
MS CSY Tgr Signat 1 CSY Tor New
T5 Not Display Stg 3 4 CSY Tgr to Channet
Sense/Load MSP Registers csy Write MSP Register
1 8K Group Select
Control Sterage Access p———— . Tgr
Loy
Storage Function j—1 Storage Cycle 1000 ns ———l—ﬂ 100 ns Osc Pwrd
Check Run Switch | 2 Storage s¢
Write Stg Hi Clock 150 ns 2
Lt | CSWrite Pulse High
Write Stg Lo } | €S write Puise Low
1
1
100 ns Osc Pwrd |— 3 J Advance Clock From Channe:
Virite Main Storage
} | cP clock sAR Gated
MSP Write Main Storage | 2 Main Stg > Main Stg Op Tor
HO Instruction [~ Op Tor
Phase A |— Li + System Reset 1 |
| System Reset
Data 4 L
8PC Togr Sys New CSIPL Cycle
Processor Check 6 Rst 5 CSIPL Cycle
POR or Reset Key { Load Indicator
Load Key Pressed Int | Transter Complete
Load Key Released ;
CP Port Card A-A1L2 (A-A1H2 on Level 2 Board)
FSL AE070 (Level 1 Board Only)
8.19 ms Clock 2
Microinterrupt Request 4 [ 1
Interrupt Level 5 Req 3 Function 3 | Command Bus Out Bit 0
Sys Bus Out Bit 8 4 811 Decode _ 1
9 > I B 2
H % c
o
1" —
12
13 1
14 *
15 CS Priority
Sys Bus Out Low P1 0 Port Register
o »
Data Buffer Device
7 4 03, [g 1 Address/
Data
110 I 8 4 8-11 0 MPXPO Bus Out Bit 0
n ! n : Device | _ 1
System Reset |- ﬁ Address/ N
Data 8 g 3
L 5 o | CBO/ i 2
T7 Pwrd p——o j Data .
R 6
o L 2 4 L ’
T
| S— v Sys Bus In Bit 8
MPXPO Data In 0 4 12.15 o
1 & gy Modifier/ | > Gate T
; 4.2p Data _ 8 > 1
3 4 i > - 12
13
: 7 Port Checks -J 14
7 2 Register J 15
13
1 { New Channel Check
Command Bus In 4 F—— ——— 1 & Control Out Pwrd
Command Bus In 5 | [} L f — s ercTa
1 )
BB service in | 2 Cycle [ { Command Bus In Bit 4 Gated
9 Steal Disk Strobe
CBI Bit 1 Cycle Steal Read | > 5 Storage Cycle Request
6 Xfer Error Gated or J10 Echo
Service Out Pwrd
CB Bit 2 Cycle Steal Adr Sel 0 } > Port
' Control Strobe Pwrd B
Disk/Dskt (Load) BC Req }——-\—-—1 Port Status .
New Base Cycle Req ~—y—o 2 3 Advance Time from Channel
Disk/Dskt Block Processor Clock 9 _| Port Clock Sys Bus In Bit P
0ld Base Cycle Steal Request W Control MPXPO Bus Out Bit P
MC Interrupt Lth 2
Phase A 5 Not Used
CSY Tgr to Channe! L—————~— ! a INT/CS LSR Decode 0
POR or Reset Key | ji — f !
Microinterrupt Request 1 Crock 2
Decodes Interrupt Req to Run Lth
3 6 4 Proc Interrupt 1
System Umt Lamp Test 2
Enable Interrupt 10 4
Run Latch OCD Interrupts .
T3 and Phase A 2 Disk Burst Mode Gated
Board Tiedown 3 b——— ¥ 1
New: Base Cycle Steal Request I — . Not Useo
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5-52

Jump on 1/0 Condition (J10)

Modifier
7 8 15

Page Address

0 3 4

This instruction tests 1/0 conditions. If the
condition tested is active, this instruction causes
a jump to the address specified by the page
address (bits 8-15). If the condition tested is
not active, the next sequential instruction is
executed.

The operation code (bits 0-3) is sent to the port
where the bits are decoded as a
jump-on-1/0-condition command. This
command is then sent to the 1/0 attachment
through the port.

Modifier (Bits 4-7): Specifies the control field
for the 1/0 devices. The |/0 device being used
determines how this field is used. The modifier
field is moved to the 1/0 attachment through
the port.

Some of the modifier combinations make a
common code for those conditions that are
used by most I/0 attachments. The modifier
usage is specified as follows:

Modifier Field
Setting

4 56 7 Description

Adapter check
Adapter not ready
Busy condition 1
Busy condition 2
Interrupt enabled
Diagnostic real
Diagnostic not real

[eNeleNoNeNolelNe)
= = = a2 000O0
- -=-00-=-=00
o0 0-=0=-=0

Available for
through 1/0 attachment
1111 needs

Page Address (Bits 8-15): Permits a jump
inside a page boundary (256-word limit of hex
00 through hex FF) in control storage only. The
page address must be located on the same
page boundary as the jump on I/O condition.
This field replaces the 8 low-order bits in the
microaddress register if the 1/0 device indicates
that the jump condition is met. The "CBI bit 4’
port line determines if the 1/0 condition is met.

Jump on 1/0 Condition (Big Picture)

Main Storage Processor (MSP)

Start

|-fetch

I1-fetch
operation

Select LSR WRO
low

LSR WRO low (bits
8-11) contains the
device address.

Gate SDR low to
channel (page
address i1s not
used)

The channel clock

is used to assemble
the device address
and the command in
the channel.

Gate SDR high

to channel
(modifier bits 4-7)
(op code bits ()-3)

F==9

Gate device
address from
WRO low LSRR to
channel

b d

. Select the attachment

. Send command and the

modifier to the
attachment on CBO a
MPXPO bus ouit

nd

Establish
channel/devize
and control
processor
communicat.on

f

')

Jump

on /O
condition
met

Yes

Control Processor (CP)

Gate MAR low m Gate page address
. K from instruction
to SAR (bit
|8rj105,5 {bits into MAR low and
SAR (bits 8-15)
End

Port:
Channel

Sys Bus Out Low

From CP § T MSP.

MainStore 7 WA wssonse s
Main Siorage wse

(MS 110280} ol L,

(PM900-910} ate

ToCP,  Fron. MSP CP Gate

S Con

ol Storage Bus

A-A1 Board

WS Gate Out

(PM700-899)

MSP Data Flow (PM300-499)

MSP Store Control

Svs Bus Out Low

Svs B

5 Out Huah

CStatus 1
(1C300-399)

o1
Rddr Sw 182

P Status 2
(PC400-499)

Adorsw3sd

LEGEND,

PP . Pacity Prechct
PG - Pacity Generar

PC - Panty Check

Svs Bus in

<~

CP Sys Control
(PC100-199)

CP Daza Flow
(PC200-299)

Port
(PC502:558)

“Data flow bus lines may not pass through FRUs as shown
“*See Card Locations for the A-AT Board in Section 1
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Channel

Control Processor Channel Attachment
Select 1/0 Attachment
Assemble Address and and Check for Jump
Command in Channel on 1/0 Condition
|
WRO Low ] ;
Device
0000
Address I }
T a .- | MPXPO
I/S \\4 Bus | Attach-
ystem |
| gus || Out ment
£ *
g Out ! ! Buffer |
1 i 1 l ;
Page |
0 ifi |
P | Modifier | A jdress I( | | Com I
L \ n ,, | mand Command
~—~ | [
l Decode |
| cal
LSRs | (bit 4)
| |
| |
| |
| |
Il |
FSL Assemble Address and Select 1/0 Attachment; Send C. d
Page Command in Channel and Modifier to Attachment on CBO Send Data Byte to Attachment
and MPXPQ Bus Out
200 ns
71|12 | o 1o e~ —— = —— === LR R .
Control Processor T-Times PC110 To l m I T2 I T3 |T3A| T38 | T3E| | T4 | T5 | T6 TO | etc
Phase A PC110 mmmmmm
1/0 Instruction pcizs | | |
m Advance Time from Channel PC518 i jl L L
Sys Bus Out Valid — ISRISRIGA| === == —=—L
Low l High 1 ] |
Port Clock C-Times PC526 C00 CO0 CO0 CO0 CO09 CO03 CO07 COF COE CO6 CO7 COF COE CO6 C12 C10 C18 C19 C13 C17 CI1F C1E Ci16 C17 C1F CI1E C16 C02 CO0O COO COO COO
MPXPO Bus Out Valid — | .
Bl control Out Pwrd PC512 r —
B Strobe Pwrd PC512 I T \_‘S() I 1 J ﬁ_g( | L
Service In PC558 - | )
Service Out Pwrd PC512 l I 1
Strobe SDR Low Data PC526 s {function) |
I
B8 strobe SDR High Data PC526 ;L {op code and modifier) I
I
A strobe LSR Data (WROL) PC526 [ (device address and port address) ’
CBO O PC542 \ | ' —
| |
CBO 1 PC542 | s | =
CBO 2 PC542 I | S,
B Load Data Buffer PC502 |
Cond DA I l
Gate Data Buffer to MPXPO PC506 B
Bus Out/Sys Bus In l |
Y clock Port Register PC502 _—— DAandCBO
CBI Valid (bit 4) to Port PC512 ] ey .
(CBI bit 4) [ I
Write LSR (L) (BOC met) PC160 ———————— e ———— —— Tl
| I
CBI 4 Valid to CPU PC512 _mocww .
(CBI bit 4 gated) l '
8 setect SDR (L) (BOC met) PC230 |
or LSR (L) (BOC not met) PC240 l J Select SDR (page address) to write MAR (LSR) S
| I
Diskette Attachment Diskette
Port 0 Seek
8-11
Jump on 1/0 Conditi 7
a 70 & e m:; ; ::;:::n Command Bus Out 0—2 .' i C0TMand Bus Out _. ?eekk Ready
POYEIETRI | | Commands 1 Port Register Tk | x ~Access Lies Contrais Index SS
0
oren - y
Steal Address/ o
Priority a g'“ R Channel g GO
Data Buffer fa= = — e 8 m— Controls Decode
Svs Bus Out 6 ] o Command/
Bits 815, P1 811 Device Dats 7
93X Address/ 4 7 J MPXPOBus OutBits 0-7
la)m > e 5 _ _ Port Data Bus Out . gaﬁ’ ”S“i"‘a"" — g’;‘a Write Data
h —ip > T — = Buffer erializer D
ﬂn-l (4= e Gate Register Buffer T Trigger
Modifier/ I — <
| Data 4
. | ] B
[ ] - rvi
S (f e Service In a ! |
J [N 7
< Command Bus In 0—5 % ‘——*—‘) mw Jump on -0 Condition : :
- Test -
T Port r [ B
_ Checks 8 —I 1 W (T:?::m" Test Condition : :
CBl Bit 4 Register i h
{1¢ ] i
T N
1 T Control Qut Pwrd a | i
Cycle Steal A . Strobe Pwrd/Service Out Pwrd a Control Out Adapter : :
e I 2l £ Strobe Controls !
1 i
NS . l 2:" , v T o Service Out 1 1
— = —_Gentro I i
I l | Port Staws . MPXPO Bus Out Bit P 1 i
)T ] 1
RS Port Clock : i
mufpp| Control \—‘ H :
Sense
£ 1 =1 e
ecodes | 4 ( . nse Condition
7 N S Data
Interrupts ) \ Bus In Sense
é‘ MPXPO Data In Bits 0-7, P . po. Data Register [ X mmjAssemoler Rad | oo Read Data
:Syﬂem Bus In Bits 8—15 r“’? s T m Assembler X Buffer l;:::::lruzev
PC = Parity Check 1L

PG = Parity Generate
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Jump on 1/0 Condition (Detail)

< N
Control Processor Channel Attachment )
b — e e | /
A ble Add d Select 1/O Attachment N
ssemble ress an
c dinCh a | and Check for .lump
ommand in Chann e
€ on |/O Condition
i . '/r
WRO Low ; s
Device
0000 ! .
Address X 7N
! — )
i Attach- N
! ment
|
|| | A
| |
[ T f I ./
o Modifi Page ! | = | )
odifier
P Address ! | | 2 |
| n ] Com- . VAN
L N ) Command { \
mand . /
~_~- | I "/
' Decode | -
m | CBI .
. N
bit 4) \
LSRs l { )
| ] V4
| | / N
J
l 1 . ./
Vg N\
)
\
./
CP System Control Card A-A1G2 (A-A1D2 on Level 2 Board)
FSL AIZ030 (Level 1 Board Only)
Storage Bus Bit 0 ALU Func Bit 0
) i | . ALU a ] 1
2 wor || : ] Tupehen ! 2
3 3
2 T1/T2 1
: - t 2| Clocked NOR P Check o
6 ) | SenseiLoad MSP Registers 4
o p H7 ! i ! | T3and Phase A '
P H —— .
o ==
Storage Bus Bt : i r - Y 1 | T4 Thru T6
1
19 | T : u T7 Pwrd -~
I 9 —  Times | ! l—-ﬂ‘ / A
. , e L ; Phase A i ]
3 — pu— st ! Stg Gt Hi Bit O Fixed N4
14 5 Reset SDR Hu
Gate -
I Bits Stg Gate Hi Sei Bit 1
Storage Bus Bit Lo P ‘ Stg Gate Lo Bit 0 i
1 Stg G Bit1
100 ns Osc Pwrd ] I—:1 1g Gate Lo Bit B n B Va \
Special Sys Rst |—————@ « J
Run LatchOCD | 2
Storage Cycle Request | Ll 1
Branch Cond Met | = Control | Control Storage Access 2N
ontrol /
Command Bus in Bit 4 Gated |1 " Storage 1 | Single Creie { }
1 N /
+BPC Tor '—1‘—| Access _4 3 ALU Gate HirLo Sel 0 R
CBI Bit 1 Cycle Steal Read | g 1
CBI Bit 0 Cycle Steal Incr | ! o 2
Mode Sefector Sw Bit 1 | 3 Gate 2 Wi §§Z o ra
2 f T ol Hi/Lto 16 Bit ALU Operation . )
3 1 L i Write R LR W
Control Storage Sw | I Stg T { 110 tnstrucuon [} e
3 Storage Function
! [ | Select Storage Gate Data
| b v
Carry in 7 | Carryin
: - %IZ;:::( { Clock SAR and X Reg
Carry Log PCR Bi1 4 | ]
- AN
Clock CS 3 | e SR Lo ! )
Write LSR I W
Clock ALU Gate Check Tyr .
Hi/to |
1
| Clock Sta Gate Check Gated
{ [~ T5 Not Display Storage 4 3
Clock 2 < /
Stg Status Card 2.1 .
CSY Tor New | 2 Gate '—’{ New LSR Adar B.t 4
3 Adwence Time from Channel [ Chack
INT/CS LSR Decode 0 | 5 0——’[-— LSR Address Bit 0 P
1 5 1 { \)
® T 2 E )
2 | 16}
3
Address Switch 3-4 Bit2 |2 5
Address Switch 34 Bit 3 SR 3 Status Sel 0
Address 1
MC Interrupt Lth L—> Status 2 p
New CSIPL Cycie | 4 Select 2| Status Function 0 {
CBI Bt 2 Cycle Steal Adr Sel 0 I 1 Y ! )
CBI Bit 3 Cycle Steal Adr Sel 1 : Y
-
. /'!

CP Data Flow Card A-A1H2 (A-A1E2 on Level 2 Board)
1 FSL AE040 (Level 1 Board Only)

Board Tiedown —@
Storage Bus Bit Lo P —I— . /
Storage BusBit 15 | — 9 S
14 -
13 l 3
12 N
1 L 4 A\ 4 ~ \
10 !
9 — Pari |
arity L
8 i 1
SDR Hi SDR Lo —| SDR P Check
Storage Bus Bit Hi P
Storage Bus Bit 7 e .
6 { .
4 I W
2 L
1
: B —| Stg Gate Hi Gen P Bit
1
o J vy n 1 v I k\\
1 i |
CSY Tgr New F—— — Parity )
Reset SDR Hi | Stg Gt Stg Gt 2 | SigGate P Check
Sys Bus In Bit P Hi Lo ™ Stg Gate Low Gen P Bit
15 >
14 N
13 9 2 | Sys Bus Out Low P1 / \
12 ®| Sys Bus Out Low P2 N /
" -
10 Driver
9
s 3 ° | | L Sys Bus Out Bit 8
A y 9
B st9Gt R8O Fixes 2 10 |
Stg Gt Hi Sel Bit 1 X Hi Reg Y Hi Reg — X Lo Reg Y Lo Reg 8 " w
» 12
Stg Gt Lo 811 O 2
n StgGt Lo Bit 1 I_‘,\,v‘_psv :3
Board Tieup } : 15 /
Board Tieup |-@- r | ﬁ | . ;
ANA-D+5V ' "_ NS
T3 and Phase A | 1 . Carr J16] '
= Y
Clock SAR and X Reg | ! : LSR
Special Sys Rst | 1 ALU Hi ALU Lo — . . p
t
Select Stg Gate Data |— : — —o] s < J
ALU Func Bit 0 h
- b
1 Driver 1 4 1
§ m! +{ Pty Predict Carry Out H: 2N
1 | E— Jr— 1 Y
Carry In ;_r -3 %  J 3 ' { Datad :
ALU Gate Hi/Losel 0 | 3 Parity 1 NS
1 —»{ ALU Error
I . All Ones Low
2 . ALU Gt Hi ALU Gt Lo 2} ALuzero
6 Bit ALU Operation }—— Carry ot Ones AN
LSR Address Bit ? I Sys Bus Out Bit 0 W/
6 ! N
2
16 I :
5
2 -
New LSR Addr Bit 4 S 5 N\
g i
Write LSR Lo |— 7 6 J
Write LSR Hi | 7 .
Sys Bus Out Hi Bup
N
]
N/



« (

(

«

(

( ( C €«

{

« ¢

-’

A4

Noranssnt’

Control Processor T-Times
Phase A
n 1/0 Instruction
m Advance Time from Channel

Sys Bus Out Valid

FSL Assemble Address and
Page Command in Channel

Select 1/0 Attachment; Send Command
and Modifier to Attachment on CBO

and MPXPO Bus Out

Send Data Byte to Attachment

fapa g

perro | 70 | 71| 72 | 73 |T3a| T38| TRE|— — —— — —— —— — -] |6-———— [ 70 | ete

pC110 mmmmm
PC138 : | 0
PC518 i | 1 1

———————JSLR ISDR | LSR

Low | High i

Port Clocks C-Times PC526 CO00 CO00 COO COO0 CO09 CO3 CO7 COF COE CO06 CO7 COF COE CO6 C12 C10 C18 C19 €13 C17 CIF C1E C16 C17 CIF C1E C16 C02 COO COO COO COO
MPXPO Bus Out Valid S Gond Code | S,
Control Out Pwrd PC512 r L ]

Strobe Pwrd PC512 ! r L r | —y —
| | .
Service In PC558 T L 1
Service Out Pwrd PC512 | b} 1
Strobe SDR Low Data PC526 M I
Il strobe SDR High Data PC526 | g lopcodeand modifier) '
B Strobe LSR Data (WROL) PC526 _— |device address and port address) I
CBOO PCs42 | ———————— l I —
| |
EBcso PC542 ] l -
CBO 2 PC542 J
Load Data Buffer PC502 '
Cond DA | ]
Gate Data Buffer to MPXPO PC506 I,
Bus Out/Sys Bus In l |
. DA and CBO

Clock Port Register PC502 L I N —
CBI Valid (bit 4) to Port PC512 — 2

(CBI bit 4) I I
B write LSR (L) (BOC met) PC160 T — m

| |

CBI 4 Valid to CPU PC512 — I

(CBI bit 4 gated) | |

Select SDR (L) (BOC met) PC230 |

or LSR (L) (BOC not met) PC240 ! 7 Select SDR (page address) to write MAR (LSR) -
| |
Diskette Attachment Diskette
System Bus Out | Command Seek
Function Bits | Bus Out Command Mnemonic
8 91011 | 012
0000 100 | 1/OLoad 0L
0 1 00 | 101 | 1/0Sense 108 Sommand Bus Qut ] Seek Ready
0 1 0 1 001 Sense Interrupt Level Status Byte SILSB Track Access Lines Controls Index SS
1000 | 110 |1/0Co Register [ X
ntrol Load 1ocL
1100 111 1/0 Control Sense 10Cs y
00 11 0 1 1 | Jump on I/O Condition JI0
010 Base Cycle Steal 110 -
Channel syl Command
Controls [Decods
F'y
DBO Write J | write
Port Data Bus O
Instruction WRO Low o i > sutter Serializer » Do Write Data
. Device | port Adds g] Register Buffer T Trigger
l Op 1 Modifier l Functton]H?I Regil [ Address l °’0°05‘
) 34 78 111213 15 8 112 15
_Tﬂ S—— i-r———————-—_—_ _.i
B) . Service In 1 1
'
a a ! |
) « | ( Command Bus In Bit 4 Jump on 1/0 Condition 1 [}
\§ Test : ]
— Condits
SBO Bits 811 True on Test Condition [] :
SBO Bits 811 : 1
8-11 1 :
SBO Bits 12-15 1
] —Centrol Out Adapter 1
[ —Steote Controls : :
B __Service Out Pwrd ) |
I 1
I i
! i
! I
Storage Gate High 1 i
Bit0 | Bit1 Register Gated Thru Sense 1 1
0 0 LSR High [ - 2
o 1 SDR High
1 0 SBI Bits 8- 15 Sense Condition
1 1 X Reg High Bits 0-3 4—.‘
Data
SDR Bits 4-7 Sense
Busin
_ Stg Gate High Bit P oata R‘;g’sm @ X m{Assembler fend lRead s
Storage Gate Low Bus In ¢ oo g ata ead Data
Bit 0 Bit1 Register Gated Thru Port Data Bus In_J Accompler Buffer eserializer|
al o 0 LSR Low ¢ X Register
B o 1 SDR Low PL
1 [ SBI Bits 815
(4] 1 1 Output Stg Gate High
CP Port Card A-A1L2 (A-A1H2 on Level 2 Board)
FSL AEO070 (Level 1 Board Only)
8.19 ms Clock |
pt Request 4 ‘L
Interrupt Level 5 Req I 3 n_n Function 5 |
Sys Bus Out Bnl; 4 811 Decode :l
10 P C d
1 —
12
13
14 — ;
15 CS Priority
Sys Bus Out Low P1 J [} Port Register
o
Data Buffer Device
U 4 03 . [g “+1 Address/
e} t 4 811 Data
n T a g Device
System Reset |— | > Address/  pu—mt
L Data 8
5 N CBO/ [ i
T7 Pwrd |— > Data
3 —_—— -
sponse {— 2 4
MPXPO Data In 0 g
1 Modifier/ & Gate
2 >
3 ' Data e 8 -
4 — Y
5 I
6 Port Qhecks q
7 2 Register
P
1 -l
—
Command Bus In 4 }— 1
Command Bus In 6 } ¥ { I i 1 |
1
B sevice in | 2 Cycle I !
9 Steal
CBI Bit 1 Cycle Steal Read } Y 5 ]
CB! Bit 2 Cycle Steal Adr Sel 0 }— ] Port
Contro!
Disk/Dskt {Load) BC Req '—ﬁ Port Status
New Base Cycle Req ~——~ 2
Disk/Dskt Block Processor Clock T 9 Port Clock 3 N
0Old Base Cycle Steal Request — C:’)" oc! l
MC Interrupt Lth 2 ntrol
Phase A 5
CSY Tgr to Channel
POR or Reset Key |— J 4
Microinterrupt Request 1 Clock
2 Decodes
3 6 4
System Unit Lamp Test
Enable Interrupt 10
Run Latch OCD Interrupts
T3 and Phase A 2 1 |
Board Tiedown 3 }—— 1
New Base Cycle Steal Request I — N I 1

Command Bus Out Bit 0

1
2

MPXPO Bus Out Bit 0

NO LA WN =

Sys Bus In Bit 8
9

10
11
12
13
14
15

New Channel Check
Control Out Pwra [E]

BPC Tgr

{ Command Bus In Bit 4 Gated

Disk Strobe

Storage Cycle Request

Xfer Error Gated or J10 Echo
Service Out Pwrd

Strobe Pwrd B

Advance Time from Channe! [}
Sys Bus In Bit P
MPXPO Bus Out Bit P

Not Used

INT/CS LSR Decode 0
1
2

Interrupt Reg to Run Lth
Proc Interrupt 1

2

4

Disk Bu-st Mode Gated

Not Usec
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ERROR CONDITIONS

Blast Conditions

A blast condition is generated when a ‘time-out
check’, ‘invalid device address check’, or
'CBI/DBI not zero check’ line is detected by the
port:

1. Time-out Check—Port check byte bit 3 is
set if the adapter does not make the
‘service in’ line inactive in the allowed
time (5.4 microseconds) after the 'control
out pwrd’ or ‘service out pwrd’ line
becomes active.

2. Invalid Device Address Check—Port check
byte bit 1 is set if the device addressed
does not respond with an active “service
in" line within 5.4 microseconds after the
‘control out pwrd’ or ‘service out pwrd’
line becomes active.

coi/oa!
the port check byte bit 4 if one or more
of the "MPXPO data in/CBI/service

in/ multidevice response’ lines (except CBI
bits 0 and 3) are found active 200
nanoseconds following the trailing edge of
the last strobe pulse generated by the
port during execution of an 1/0
instruction. This bit also gets set, when a
time-out check occurs, if these lines have
not been de-activated by the 1/0
attachment within 200 nanoseconds
following the generation of the blast
condition caused by the time-out check.

N
NGt Zorg Check—The port sete

(%)

A blast condition causes all 1/0 devices to
reset; it also sets interrupt level O (processor
check condition except during CSIPL
diagnostics mode, when machine check
interrupt occurs). After de-activating the
‘service out’ line, the port checks that the
"MPXPO data in’, ‘command bus in’, ‘service
in’, and ‘multidevice response’ lines are all
reset. If any of these lines is active, the port
causes a blast condition by activating the
‘service out” and ‘control out’ lines at the same
time.

Cycle Steal Latch

Blast Condition Because of Time-out Check

200 ~s

T-Times (CP clock) T6 Ext |———|———|—-—==|=—=|===]|===| TO ™ T2 JTS} T3A | T3B T3E T4
FSL - ¢
C-Times (port clock) Page CIF | CiE | c16 | ¢c17 | c1F | c1E | c16 | co2 | coo | coo [ coo | coo | cos | co3 | co7 | coF
Trigger X1 PCE34 B !
Trigger X2 PC534 J( () 2
Trigger X4 PC534 () (‘ 2
Trigger X8 PC534 () [_—___ ?
)
C1X Latch PC518 ‘) (L = ?
Time-out Cntr Clock PC526 4() () () 8
Time-out Counter PC504 () () 1\
Control Out Pwrd' PC510 |- _? 3
Service Out Pwrd! PC510 |——— _.e 8
Strobe Pwrd! PC510 f——— ) ) )
t( L
Service In (or not multidevice! H007
C ——— ) ) )
response) —* 1! 2 (
1/0 Time-out Check Lth PC504 | — !
Blast Condition PC506 | __ __ _e ?
Machine Check Interrupt Lth’ PCa22 | _ 2 2
1/0 Instruction' PC138 ——— 2
Advance Time from Channel’ pc518 | e () e
Reset Port Checks PC516 | ___ 1)) 8
1
Port Addr Zero'
(port instruction) PC510 [___ __ J( (L 2

lThis line can be probed.

2The timing shown here is for a blast condition during CSIPL diagnostic mode. During normal operation, the blast causes a processor check, which is
subsequently reset by POR or the Reset key, or via an 1/0 instruction to the port during a subsequent CSIPL procedure.

(not) Port Instruction

Control Out Pwrd

Service Out Pwrd

OR

Any Port Instruction A ]

TGR4

C1X Latch E__,— A
Invalid Device Asgn Lth (not) Exit Loop 2 Latch o
DBI/CBI Not Zero Chk OR/| Blast Condition R
1/0 Time-out Chk

PC506
OR
(not) Exit Loop 1 Latch j A
N ™ ™ \ \ p B ™~ N g

S A N~ N S~
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Blast Condition Because Data Bus In Is Not

Zero

T-Times (CP clock)

C-Times (port clock)
Trigger X1

Trigger X2

Trigger X4

Trigger X8

C1X Latch

Control Out Pwrd'

Service Out Pwrd'

Check DBI 0!

1/0 Instruction’

Port Instruction (port address zero)®
Advance Time from Channel’
DBI Zero'

Chan Phase A-C02'

DBI/CBI Not Zero Lth

Blast Condition

Machine Check Interrupt Lth'

Reset Port Checks

FSL
Page

PC534
PC534
PC534
PC534
PC518
PC510
PC510
PC502
PC138
PC510
PC518
PC502
PC110
PC502
PC506
PC422

PC516

N

A_—~—,

%,

)

_—,

200 ns
TeE ———| 710 | T | T2 | T3 | Ta | T5 | T6 |-——|-——| T2 | T3 |T3a | T3 |THE | T4
ciE | c16 | co2 | coo | coo | coo | coo | coo | coo | coo | coo | | | coo | coo | cos | cos | co7 | cor
0 (
- ) (l
-
I ) )
1
—— ) —___1__—
¢
L — ) ) )
r— 148 (
L ) )
S T ( (
L ——_———— ) )
e
e ) )
¢
— ))
L I T (
— ) - )
— 1 ( (

If DBI is not zero, the CPU loops in the machine check interrupt routine until a
7-second time-out occurs, which causes a processor check.

The timing shown here is for a blast condition during CSIPL diagnostic mode. During
normal operation, the blast causes a processor check, which is subsequently reset by

POR or the Reset key, or via an 1/0 instruction to the port during a subsequent

CSIPL procedure.

! I'his line can be probed.

~
T

|

e TN e e e e TN e e e e SN s

~— -~ -~ ~-

M,

Channel
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Blast Condition Because of Assigning the

Wrong Device

T-Times (CP clock)
C-Times (port clock)
Port Instruction
Trigger X1

Trigger X2

Trigger X4

Trigger X8

C1X Latch

Exit Loop 1 Lth

Time-out Counter

Control Out Pwrd’
Service Out Pwrd!
Strobe Pwrd!
Service In’

Reset Port Checks
Inv Dev Assign Lth
1/0 Instruction’
Time-out Clock
Phase A’

Advance Time from Channel!
Biast Condition

Machine Check Interrupt Lth!

1This line can be probed.

FSL
Page

PC510
PC534
PC534
PC534
PC534
PC518
PC518
PC504
PC510
PC510
PC510
CHO07
PC516
PC504
PC138
PC526
PC110

PC518

200 ns

TE |———| —==| ——=| ===

T4

T5

T6

TO

T3A

T3B

T3E

T4

COE Co6 co7 COF COE

Cco6

co2

Co00

C00

Co00

C00

C09

Cco3

Cco7

COF

—_ ,\N_gﬁ__w

—

I

—~

A Jv ~ L JV A A0~ 4

N

—-— -

21 *service in’ becomes active in this area, the blast condition will continue.
The timing shown here is for a blast condition during CSIPL diagnostic mode.
During normal operation, the blast causes a processor check which is subsequently
reset by POR or the Reset key, or via an 1/0 instruction to the port during a

subsequent CSIPL procedure.
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Port Checks

Errors sensed by the port are stored in the port
check register and cause a processor check.
When the system operator does an IPL without
powering off, the control processor moves the
check information to control storage and logs
the error on disk when the CSIPL is completed.
The main storage instruction that caused an
error condition is attempted again when
possible, relying on the device and the
condition.

The following checks are found by the port
hardware. These checks are stored in the port
checks register and can be loaded into a work
register for log out to the disk. These checks
can also be displayed by the CE Byte 1 lights
on the CE panel by setting the Mode Selector
switch to the Insn Step/Dply Chks position.

System Bus Out P Check
. OR
Invalid Port Latch New
DBI/CBI Not Zero Chk Channel Port
1/0 Time-out Check Check )\ )ﬁCheeks
DBI P Check
Invalid Device Assn
DBO P Check
PC506 PC402

In addition to these checks, information about
the last port operation is stored in the port
register. This register contains the device
address of the 1/0 attachment or the controller
and the command (bits on the ‘command bus
out’ lines) last executed by the channel. If any
checks are present in the port register,
changing the port register is inhibited until the
error is reset. See Commands in the Channel
section of this manual for decode of the device
address, and see Port Decodes in the Channel
section of this manual for the decode of the
‘command bus out’ lines.

(

Port Error Byte (Display Byte 1)

Bit  Error

0 Data bus out
parity check

1 Incorrect
device
assigned

2 Data bus in
parity check

3 1/0 time-out
check

4 Channel bus
in/data bus in
not zero

5 System bus out

parity check

6 Cycle steal
operation
check

7 Incorrect port

Cause

Wrong parity was sensed by an
attachment on the DBO bus
(MPXPO bus out).

The port put an address on the DBO
bus (MPXPO bus out), but no
response was received from an
attachment in the specified time.
(The port activated the ‘control
out’ line to address an attach-
ment and the attachment did not
respond by activating the ‘service
in’ line in 5.4 us.) This check also
occurs if the DBO bus (MPXPO
bus out) has wrong parity during
the transmission of an address.

Wrong parity was sensed by the
port during the transmission of
data from an attachment
(MPXPO data in).

The channel sensed an error in the
normal channel sequence. This
check occurs if an attachment does
not de-activate the ‘service in’ line
in 5.4 us after the rise of the ‘service
out’ line.

The 1/0 lines were not cleared
in time. This check is made after
the ‘service out’ line falls during
T6 time and after a byte of data is
transmitted to or from an
attachment.

Wrong parity was sensed on the
data sent from the processing
unit to the port. (The check is
made when the service out’ line
is active or when data is being
sent to disk during a burst mode
operation.)

Any processor or port parity check
was sensed during a cycle steal
operation.

Bits 4-7 of work register O (high
byte) were not 0000.

(

(

Check Generation

Clock Time C06

« (

Load Port Register Instruction

Port Sys Bus In Generated P Bit

PC522

Data Buffer P Bit Gated

FF

OE

Cycle Steal Load

PC522

Storage Strobe

A*OR

Load or Control Load Command

Clock Time C17

Reset Port Checks

PC510

Data Buffer Bit P Gated

Port Sys Bus In Generated P Bit

OE

CD

PC522

Disk or Base Cycle Steal

CSY Trigger

(not) Cycle Steal Load

Clock Time C12

Control Sense/Sense Command

(not) Command Bus In Bit 4

Reset Port Checks

Gated Select Channel Checks

Parity J—
Errors
Detected
In 1/0 —_—
Attach-
ments

OR

CBI FL

Bit 5

PC522

Port Sys Bus In

Bits Gate

A—_—,

A,
PN
.
A
_—
_~—

Sys Bus Out P Check  y y  Port SBI Bit 14

L ¢ PC506

MPXPO Data In
Parity Check (DBI P check) 'y y  Port SBI Bit 10

G

DBO
P Check

SEL

Reset Port Checks

PC502

U (" Pcs506

Sys Bus In Bit 8

PC506

Channel
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Port Error Handling Procedures

1/0 cycle execution

DBO
parity check
(device address

Set DBO parity
check bit

Set machine check
interrupt request

1

Control
out time-out

parity check (on a
sense command)

Set invalid device
address bit

Transfer Error

An active ‘transfer error’ line indicates to the
attachment that the control processor is on the
machine check level.

MPXPO Data In 0-7

(not) CBI Bits 1 and 2 Zero
Command Bus In Bit 4

Multidevice Response OR

Set machine check
interrupt request

Set DBI parity check
bit

Set machine check
interrupt request

CPU execution time

No

CP sets machine
check interrupt
reqguest

System
bus out parity checR
(on a load :

command),

Set system bus out
parity check bit

Set machine check
interrupt request

DBO
parity check

(data)

Set DBO parity check

bit

Set machine check
interrupt request

J

Service
out time-out
check

Set time-out latch, set

machine check inter-
rupt request

Set blast condition

|

DBI/CBI
check

Set DBI/CBI to not

zero, set machine check

interrupt request

Set blast condition

GotoTO  fp=——=--~-
\’\\ Va \\\ AT P
V /’ /

The machine check interrupt routine is executed if a machine

check interrupt request was previously set.

Command Bus In Bit 6

Co2

CBOO

FL

DBI/CBI Not Zero Chk

CBO 1

>

Port Instruction
COF
System Bus Out Bit 12

System Bus Out Bit 13 45

System Bus Out Bit 14

System Bus Out Bit 15

1

(not) CBO 2 ] PC556
=
F

15, 14, 13, 12

15, 13, 13, 12

15, 14,73, 12

—

OR R

FL

Enable Extended Time-out

OR

System Reset

COF

POR or Reset Key

OR

=)

PC516

Reset Port Checks

5-60



y__N

C (. C CCCCC (et eaecd

Time-out Conditions C16
Time-out Counter I |
If the addressed device is not on the system or —] +1 Reg A
X d PXPO b ins bad (not) Port Busy .
if port data out (MPX ( us out) contains ba Reset Port Checks OR R S FL 1/0 Time-out Check
parity, none of the devices answers the control c12
out sequence. Port times out under these R
conditions. At the end of the time-out
sequence, the time-out condition is written in Time-out Clock PC504
the port checks register (not valid device Enable 33FD Time-out A
assigned). A blast is sent from the port and N A
clears all incoming data and control lines from
the |/0 adapters and causes a processor check. Divide-by- OR
8 Counter_lr
If the addressed device first responds with a C FF
‘service in’ line but fails to de-activate the
‘service in’ line inside a specific time after R
receiving the "service out’ line, the port times PC504 L] FL
. . . . A

out.' This condition is written in the port .st-atus COF S Invalid Device Assgn
register and the port causes a blast condition,
which clears all incoming data and control lines 1 R
and causes a machine check interrupt. Cycle Steal Latch o { S FF Cycle Steal Check

Disk Xfer Time © CcD

Machine Check Interrupt Latch c

PC504
(not) Valid Port Command : ) Set Invalid Port Check
X A

1/0 Instruct

/O Instruction - [ Invalid Port Latch

(not) Any Port Instruction I_ S FL

R
PC504

Channel 5-61




Processor Check Halt

An MPLF instruction (hex BEA3-processor
check halt) is a control processor 1/0
immediate instruction that stops the main
storage processor after turning on the Processor
Check light under program control. Areas of
control storage that are not used are loaded
with MPLF instructions. If, because of an error,
the system branches to one of these not-used
locations, the processor check halt causes the
system to stop with a processor check and the
Processor Check light to come on. This
processor check halt instruction is also used by
the control storage program to cause the
system to stop (software check halt) when the
control storage program determines that,
because of some error condition, the system
cannot continue to run.

System Reset

A*
(not) 4 Decode OR Reset Time-out
Go Latch
Run Latch
Machine Check Inter Lth c FE Microinterrupt Ck Trigger
Interp Req to Run Lth
1/O Service
System Reset
Y = Request Lth
Reset Mach Ck Int OR 1 s FL 1/0 Service Request Lth
2 R
T4—-T6 Status 2 Load DCD OR
Status Sel 2
Imm MOR Bits 12—15 3 Check Halt
3 Enable Interrupts Lth
S FL |—e
5
S
—— S
6
R Enable Interrupts
OR

Wait Instruction

(not) Status Card 2/1

Disable Checks

4

Piﬁsable Checks

| .
S FL

PC404
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