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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 I/0
attachments.

I Channel

Control
Processor

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.

1/0
Attach-
ments

+ System Bus Out
+ 1/0 Instruction

+ Phase A
+ T4 through T6

- System Bus In
+ Storage Cycle Request

- Advance Time

+ Block Processor Clock
(BPC tgr)

- Interrupt/Cycle Steal
LSR Decode 02

- CBI Bit 4 Gated
+ Ne}w Channel Check

- Proc Interrupt 1, 2, 4

+ 1/O Service Request

- Interrupt Req to Run Lth

- Machine Check Interrupt

+ CSY Trigger

+ System Reset
+T7
- Lamp Test

- Interface Clocks

+ Power On Reset

-= CSIPL Cycle (latch).

- CSIPL (load) Key -
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J‘ 1 Bits 1,4, 5

- MPXPO Bus Qut
- Service In
- Microinterrupt Request

+ Multidevice Response

- Bése 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

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 (/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/0 immediate instruction).

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

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

instruction).

The channel supplies the necessary controls to
support the following: :

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

. Intérrupts (five levels)

« Burst cycle steal (disk or diskette)
« Base cycle steal (work sta»tions)

« Initial program load

« Error detection

Channel 5-1
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1/0 Instructions

Processing Unit Storage Link to 1/0
Attachments

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 |/0
attachments or read from the 1/0 attachments
and written into storage.

All storage addressing, storage write control,
and address updates are controlied 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|clip|V Reg 2

78 910111213 15

Select Attachment

(Address, Modifier, and Command to Attachment)

Control Processor Local Storage Register .

Link to 1/0 Attachments

1/0 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

CPU I Channel | Attachment
B | Port Data |
uffer
Address 0.000 | |
8 1112 18| MPXPO |
/' \] — . Bus Out
| 'rl .
| System | l |
! Bus | | |
— | Out || |
{ \ T CBO
N__7 | O Command
Op ModOWCDVRegZI I
| Decode I
| Bits 8-12 |
Send Data Byte to Attachment/Receive Data Byte from Attachment
CPU | Channel | Attachment
| Port Data |
Buffer
MPXPO |
Main or Bus Out
Control ﬂMPXPq (
Storflge Data |n|
| LSR

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

0100 |4 2

0 3 4 7 8 11 12 13 15

The I/0 immediate instruction has four main
functions:

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

5-2

The different commands that are a function of
the I/0 immediate command are: :

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

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

+ 1/0 Control Load—Moves the contents of the
local storage register to the |/O 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 levei.

« 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.



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

1011 Modifier | Function | H2 | Reg 2

0o 3 4 7 8 11 12 13 15

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

I/0 Sense or 1/0 Control Sense (I0S, I10CS)

1011 |Modifier | Function |H2| Reg 2

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

0 34 78 11 1213 15
Assemble Select {/0 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

Decode l

I
|
High SDR ‘Low I
i
|

101 1| Modifier | Function | H2| Reg 2
0 3 4 7 8 11 12 1315 |

-~
L 27>

L ol

)
L

—

I' System
Bus Out

8 1112 1

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)
CcPU | Channel - | Attachment
I Function |
| Field |
I Deéode '
101 1| Modifier | Function |H2|Reg 2
0|3 4 7 8 11121315! l
/ o m 1
3¢ : ¥
WRO Low | s | |
Device | System | Data
Address| 2000 } CB)ust | : 0 Buffer
u
—
| ] I 3
| | 4
| ] I
\ -+
\\__ _
7
Send Data Byte to Attachment
CPU | Channel [ Attachment
- Dats  ypxpo |
System | Buffer pys l
Out ’

Select

4 Select LSR

Select High or
Low Byte |

101 1| Modifier | Function | H2| Reg 2

SDR

LSRs Bus Out | '

Device
Address | 0000 Data l
WRO Low Buffer |
Receive Data Byte from Attachment
CPU i Channel l Attachment

: |

I Data l_

| | Buffer MPXPO |

{ ‘ Data |

| I

Bus In
LSRs M
I‘ Select I

Select LSR

OO,

‘Op}ModifiertFunction| H2 | Reg 2
VIV 99994

I

I

I

|

Select High or |
- |

I

I

|

SDR

In.

Channel 5-3



Sense !nterrupt Level Status Byte (SILSB)

Function [H2| Reg 2
111213 15

10 11 | Modifier
0 34 78

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

CPU l Channel } Attachment
|
| Function I
Field
} Decode I Interrupt :
High SDR Low l ! Level Default Bit0 . Bit 1 Bit 2 Bit 3 ‘Bit4 Bit5 Bit 6 Bit 7
| CBO- Bits 0—2 0001 See Note '1 62EH 62EH
1011 |Modifier | Function |H2| Reg 2 l Command IL1 : : Disk 2 Data|Disk 1 Data
) l Fixed
0 34 78 1112 1315 | [ | 0010 Interrupt Data
T 001 |12 mierrup Comm
—— I l Ti
/ N, ' _ imer
) 7 v l 0011
- {|( ! | IL3
| System | l
Bus Out MPXPO 0100 Unit Work - 62EH
: : 4 Bus Out l IL4 SeeNote2| oo+ | station 1 | Printer 1 Disk 2 Seek | Se€ Note 3
| Il
> 1 IR
S l
b I Port Data
: LU D I l Bus Out Serlid Status B\|/te to Chann|el
Interrupt | Port Address | Dat | B't. 0-3
ata its 0—
Level 0000 } Buffer l
WRO Low 1 :
Receive Status Byte from Attachment
| 1
CPU } Channel i Attachment
| Data I
I Buffer I
System | MPXPO I
) Bus In Data In
LSRs * |
Select I {
Select LSR } I
Select High or
Low Byte | l Notes:
. I ’ 1. Diskette level 1 data.
- 7
6) ﬁ{er/ mﬁ H2| Reg 2 | I 2. Diskette level 1 seek or diskette level 2
'////////////' | : seek or data.
SDR I 3. 62EH disk 1 seek/62PC disk A and B seek
l l or data.




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/O 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.

0 0 1 1| Modifier | Page Address
0 3 4 7 8 15

Control Processor

Channel

Assemble Address and
Command in Channel

Attachment

Select 1/0 Attachment
and Check for Jump
on 1/0 Condition

1
WRO Low | i
Device
Address 0000 : l
7N  MPXPO
L £ \\ i Bus | Attach-
II System | [ Data | out | ment
Bus
! Out ! l Buffer MI ;
- L |
o Page [
Op | Modifier Address { I = Com. |
' N mana |- Command
= : Decode |
| CBI
LSRs : ‘b';‘”
[ -
| |
| |
| 1

Channel

5-5



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
I/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 | /O 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.

Jump on |/0 Condition

8—11,

Jal

Port 0

(
i B i Com d Bus Out 0—2
1/0 Immediate - ( () _Funct|on T RECH
) Decode
Base Cycle Steal ‘2 Port Register
or
) ‘,——— Commands g
0
Device
Address/
Data
3 _ ...L- 8
Data Buffer 4
Sys Bus Out - 0 Command/
Bits 8—15, P1 8—11 Device Data
-3 Address/ 4 7. MPXPO Bus Out Bits 0—7
PC h gata 8 EEEE——— PG
s 8 Gate
12-16, | 4 - PC
Modifier/ I
47 Data h 4
7
1/0 ) T
Instruction ‘ A . Service In .
¢ ) T )
I Command Bus In 0—5 = Command Bus Ih 0-56
Port ] T
. Checks
CBI Bit 4 Register
{1
| 1 w
Control :Out Pwrd .
Cycle Steal o Strobe Pwrd/Service Out Pwrd
T 4 -
Port ; ~r
Control

Port Status

it B

Advance Time

Port Clock
Control

MPXPO Bus Out Bit P

J-

—

1 X
=

Clock —— 3
Decodes | __ 4

(S PO 1N o

System Bus In Bits 8—156 -

PC = Parity Check
PG = Parity Generate

MPXPO Data In Bits 07, P

“Li

Interrupts

———————

@4—

PC

56
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Port Clock

The port clock generates the interface timings
between the control processor and the |/0
attachments. The port clock runs only for 1/0
instructions and base cycle steal operations.
During other operations, the port clock is reset.
When the control processor decodes an |/0
instruction, it activates the ‘'I/QO instruction’ line
during time T3 e; 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 e sequence loop:
— The port clock loops (C07, COF, COE, CO6,
~and so on) while waiting for the 1/0
attachment to respond with an active
‘service in’ ) or ‘multidevice response’
line @. v
— 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).

« ’Service out pwrd' line {§ 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.

— 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
€02 and COO times to a wait state (COO).

Generation of Port Clock Times

TGR X1

<|s
2o

TGR X2

Y

TGR X4

N

TGR X8

z|<
z|<

CiX Lth

Y =0n

N_= Off

Blank = Don’t Care

Phase A

zl<|x
<[z

1011 12 13 --—- BCD decode of circuit block output

on FSL page PC526.

Clock times = 200 ns

C02

C12

C13

C17

Time-out Clock

COF

c18

Strobe SDR High Data

1/0 Instruction

{not) Exit Loop 2 Lth

Strobe LSR Data

Co6

Base Cycle Steal Lth

(not) Exit Loop 1 Lth

OR

C16

T3 Lth

Strobe SDR Low Data

TGR X1

TGR X2

CiX Lth

—1 {_ﬂ

PC526

Port Busy

Generation of Port Triggers.

5-8

T3 Lth
TGR X8
TGR X2 * OR
" A
OR
(not) E =1
not) Exit Loop 2 Lth TGR X1
(not) Exit Loop 1 Lth A z Ft
R
TGR X4 . TGR X2
TGR X1 |OR S FL
—QC
+J R
TGR X2 A S FL TGR X4
*—fc
o4 R
N
. A
TGR X1
T N OR s FL TGR X8
TGR X4 A 181 R
(not) Phase A Powered R
Reset Port Clock ‘
PC534

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 G, and
sends a ‘strobe pwrd’ line @) out to the device
attachment. When the "control out pwrd’ line is
activated, the port clock loops (CO7, COF, COE,
€06, 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

T4 (select and gate LSR to channel OO 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 Q is again sent for the
I/0 device to use. The port clock loops with
the ‘service out pwrd’ line active, and the
‘strobe pwrd’ pulses continue to be generated
while the port waits for the 1/0 device to
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 Q causing the control
processor clock to run again to time TO.



T-Times
C-Times

1/0 Instruction
Trigger X1
Trigger X2
Trigger X4
Trigger X8
C1X Latch
Advance Time
Clock SAR
Storage Cycle

SBO to Chan

MPXPO Bus Out

Control Out Pwrd
Strobe Pwrd l
MPXPO Data In
Service In
Service Out Pwrd
Check DBI O

Exit Loop 1 Lth

Multidevice Response

Exit Loop 2 Lth

FSL
Page

PC110
PC526
PC138
PC524
PC524
PC524
PC524
PC518
PC518
PC210
PC012
PC502
PC506
PC510
PC510
PC502
PC518

PC510

PC518
PC518

PC518

200 ns e
T T2 T3 T3A T3B Ext |[———}——— ————-—)—)—‘ —_—)——t+——|——- T4 T5 T6 T6 Ext ———— —— e e | e e e — e — T0 T T2 T3 T4
(
C00 C00 [o(1]1] Cc09 co03 Cco7 COF COE C06 co7 COF COE C06 c12 Cc10 Cc18 c19 Cc13 c17 C1F C1E Cc16 c17 C1F C1E Cc16 c02 Cco0 Cco00 C00 Ccoo coo
o Y —
! ) |
)] ) M
SDR SDR LSR = -
QO o | Hin

Device Address

i

» P
{ 0o
\) | S
)
) H__u___,_@
p 22 ©

Channel
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Note: The'circled letters on these pages refer to

the previous page.

Cycle Steal Latch

{not) Port Instruction

Any Port Instruction

OR

Strobe Pwrd Q 0 o o

TGRX4
T
C1X Latch N L— A .
(not) Exit Loop 2 Latch | OR Control Qut Pwrd G
Blast Condition
OR Service Out Pwrd @c
(not) Exit Loop 1 Latch A
TGRX8 A
PC510
[FandT __]
Data Buffer 0-7 and2and 3] 1 D
2
3 c PH ___Port Instruction (device address = hex 00)
Strobe LSR Data L )
T2and 13 C N A Select CBO
System Bus Out 12-16| and T4 and 75
£ A D PH
P "
{not) Port Busy Any Port Instruction (device address = hex x0)

PC510

eo Service In

0 e Multidevice Response

(not) Multidevice Command OR OR
“Blast Condition ? J_ ]

A
Phase A - I
co6 B
ci18

(not) Port Busy

Ci16

System Reset

PC518

Exit Loop 1 Lth 0

OR

FL

Exit Loop 2 Lth @

C1X Lth °°

5-10



Storage Function J0os

Control Storage Access JO7

100-ns Osc Pwrd Jo4

System Reset M08

Write Stg High

Write Stg Low

Storage
Function

300-ns
Trigger

C FF

S FL

R

CD

R

R

Write
Trigger

C FF

S
1CD

G1

BOS
GO5 f——T

R
R

150-ns
Trigger

C FF

CD

—

Board Tie-up

AxOR

PCO12

Storage Cycle o

TGR X4 °

Port Instruction

Set Invalid Port Chk

C12

co2

Phase A

OR

(not) 1/0 Instruction

ci8

PC518

(not) 1/0O Instruction

{not) Cycle Steal Latch

coe

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

1[0

Cycle Steal Latch

1/0 Instruction

TGR X1

OR

System Reset

orRJR

PC522

FL

Advance Time me

T3 Lth_ e _

Channel
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Data Buffer

The data buffer is used as an intermediate
storage register for all data that passes through
the channel and is under control of the port
clock and channel control lines.

Load Data Buffer

Strobe LSR Data

Gate 1/0 Bus

OR

Data Buffer 0-7

Data Buffer Bit P

Port Register Bits 0-4

Port Register Bits 5-7

Data
Buffer
—| G1 Reg
G2
MPXPO Data In 0-7, P 1G3
System Bus Out Bits 8-15, P 2
Strobe SDR Hi Data 12
cBl1Int 1
Stg Strobe Tgr : A 2
Disk Xfer Time | l 1
{not) CSY Powered L—=1 A 2
Command Bus Out Bit 0 14
{not) Command Bus Out Bit 2 A 3
Cc13 Load Data Buffer
Port Reg Instr Load Pulse OR 1
Command Bus Out Bit 2 PC542 3
C12 ‘ A 1
(not) CBI Bit 1 3
Base Cycle Steal Latch A ‘ ;
Multidevice Command A ;
Load Port Reg Instr Port
Register
coe A Clock Port Reg Clock Port Reg —
{not) Port Checks I OR 1% G1
Select CBO
L— 1 A PC506 2 3 G3
Select CBO 1 1 |04
CBOBIit0 3
CBO Bit 1 3 5.7
CBO Bit 2 3 1-3

PC502
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SBO Low 12
13
14
15

u12
S11

S08
S05

Any Port Instruction

Instruction Decode

DCD

PC516

PC516 A

Select Data Buffer

Select Port Reg

PC516

Gate Select Channel Checks

Channel Checks

Gate MPXPO Data In

Port Data Buffer.

Gate SBO Data 8—11

Gate SBO Data 12—15

SBO from System 8—15, P

MPXPO from |/O_0-7, P

Port Bus
Bit Collector

Bits 8—15 or 0—7

Port Register

G1
G2
G3

g 1,
1

9 1o
1

10 |,
1

1 |,
1

12 |,
1

13 |4
1

14 ],
1

15 |,
1

P
1

\

PC502

PC502

G1
G2
G3
3

PC506

Port SBI
Bit Collector
SBI to
System
—
PC506
MPXPO Bit
Collector
MPXPO
to 1/0
PC506

Port Register

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

and displayed on the CE panel.

0 1 2 3 4 5 6 7 8 9 10

Scope Grid FsL 700 n?
Page  <+——
T-Times T3 [T3A{T3B|T3E| 4 5 6 0
PC110
C-Times 00 (09 | 03 [ 07 | OF | OE | 06 | OO
PC526
+Phase A B IVAVVALVAVAIVAIVAIVAIVAVVAVVAVVAY
+1/0 Instruction PC138 ¥V~
-Advance Time PC518 ™
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
Clock Port Reg PC506

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

p—y

Irpt/CS LSR Decode 0

Irpt/CS LSR Decode 1

lrpt/CS LSR Decode 2

Interrupt Req to Run Lth

Proc Interrupt 4

Y vy

CS/LSR | Proc. Interrupt

Decode Lights

210 4 2 1 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
111 1.0 1 5

00O 000 Main level

—

Proc Interrupt 2

Microinterrupt Request 1
| interrup’ eq cD PH
—{C
System Reset
9
Disk Burst Mode Gated
- *
(not) Expanded Cycle Trigger % OR™A
Level 2 Interrupt T & ]
; CD PH
Jup
OR
g ! OR*A
Microinterrupt Request 3 PH *
CD
H Cc *—
S
OR R l
OR*A
IvH—
Level 4 Interrupt
ch PH N 1
—C
OR R
Level 5 Interrupt Internal ' L &
eve nterru nter
p na cD PH . OR
| ?
. C ﬁ
System Unit Lamp Test — OR
Machine Check Interrupt Lth A
Enable Interrupts A*OR
(not) Run Latch PC532 L
Phase A
OR
T3 and Phase A ' #
* ¢
Trigger X8
*
CSY Trigger to Channel
T7 Pwrd OR

Proc Interrupt 1
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Command Bus Out Decode

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:

® /0 immediate instruction

1/0 load (IOL)

1/0 sense (10S)

1/0 control load (IOCL)

1/0 control sense {IOCS)

Sense interrupt level status byte (SILSB)

|

® |/O storage instruction

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

JIO
PH
U13 | System Bus Out Bit 8
l .
Port Clock = 545 u12 ILS\/stem Bus Out Bit 11 (C:D PHi®— N CBO 0 L2
Hi Dat
Phase A D09 . A Strobe SDR Hi g: a _ I "
1/0 Instruction JO5 } (not) New Base Chan Busy []
T (not) Cycle Steal Latch
(not) Multidevice Command
CBO Strobe SDR Lo D CD PH CBO 1JI S06
0-2 trobe o Data
T3 Latch ¢ A c
' R
18(1) Cycle Steal Latch ‘— _
110 1A Strobe LSR Data
11 Port Clock = 11
001
CBO
0-2 I_
S CBO 2
; PH 4504
100 System Bus Out Bit 9 C
101 S09 |- CD
100
101 or|R
PC542

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

the 1/0 immediate instruction.
D Jump on 1/0 condition instruction (bits 0-3)

The op code is decoded as a jump-on-1/0-condition
command and sent to the |/O attachment.

Bits
8-11

0011

CBO
0-2

o1

Channel
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CONTROL PROCESSOR/PORT
CONTROLS

Port to Control Processor Lines

System Bus !n—-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—QOne 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.

wwun Processor Ciock (BPC Tgr)—One Line

This signal comes from the port and stops the
control processor from processing instructions
$0 tnat a burst cycle steal or a base cycle steal
mode operation can be performed.

In =rrupt/Cycle Steal LSR Decode-Three
Lines )

These lines control local storage register

slection bits O, 1, and 2 during instruction and
sycle 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.

BPCTgr  BO7 ———r

Command Bus In4 J13 —e

C12

New Base Chan Busy

New Channel Check—~One Line

This line is sent from the port to inform the

control processor that the check has been

sensed.

System Bus Out P Check

Invalid Port Latch

OR

DBI/CBI Not Zero Chk

1/0 Time-out Check

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.

E—T}——QGM Comrmand Bus In Bit 4 Gated

DBI P Check

Invalid Device Assn

DBO P Check

PC506

—{ }— J07 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 1/0 command
operations.

1/0 Instruction—One Line

This line is active during a jump on 1/0
condition, 1/0 storage, or I/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 pc er on
reset condition or when the Reset swit.l: ~n the
CE panei is pressed. It is also activated when
the Load switch on the operator pansi is
pressed. This reset is active ior as 1uig .
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 cvcle steal or interrmiot
request during this time.

Lamp Test—One Line

This signal is generated at the CE panet and .
channel activates the interrupt LED circuits.



PORT/ATTACHMENT CONTROLS
. Port to Attachmeht 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 1/0 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 "MPXPO 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.

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 1/0 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 /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 untii 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:

Bits
012

000 Not used.

001 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 I/0O 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.

1710 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 mot 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 1/0
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 1/0 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 1/0 attachment
makes active the 'CB! 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 'CBI 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.
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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/O 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.

E
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 I/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 |/0 sense, |/0 control sense, and
jump on 1/0 condition commands; on these
commands, all lines must be removed by the
I/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 |/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 clears all 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.

Microinterrupt Request—Five Lines

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

To ensure correct channel operation, this line
should be reset by an 1/0 load or 1/0 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
"muitidevice 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-One Line (Per
Device)

A 'base cycle steal request’ line supports an
1/0 attachment that has cycle steal ability and
is 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 1/0 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 0, 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 1/0 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 1Cycle steal sense—No increment address
01 1Cycle steal load—No increment address
10 'Cycle steal sense—Increment address
11 Cycle steal load—Increment address

'Cycle steal LSR select 0
'Cycle steal LSR select 1
1Cycle steal LSR select 2
Cycle steal LSR select 3
1 Control storage/ MPXPO data in has invalid
parity or jump on 1/0 condition met
1 MPXPO data out parity check

- =00
20 =0

May be either burst cycle steal mode or base cycle steal mode
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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 |/0O 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 load (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

* 1us

. 4’us

e 512 s

« 1.02 ms
« 16.38 ms
« 1311 ms

« 1,048 ms



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.

pisk Support Timing

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

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.

Control Processor Cycles N

Disk/Dskt Block Processor Clock

— SRR

Disk Burst Mode Request — S e
- Disk/Dskt (Load) BC Req! R //; //4/] 7T
‘ CSY Trigger s . .
Command Bus In P ]
— = _ mam e

MPXPO Data In

Data Out Valid to Disk

1BC = Burst Cycle
Disk Support Lines

Base Cycle Steal Latch -

T7 N A
i ; ;
- Disk Burst Mode Gated
Disk/Dskt Blpck Processor Clock i S FL /Q) —{B10
System Reset N H |
ystem Rese - OR
R
PC534
OR
Phase A Latc":d Block Processor Clock (BPC tgr)
Base Cycle Steal Request A A S L g —I BO7
(not) Machine Check Interrupt I—
R
. FF PC508
CSY Trigger cD . ‘
J Disk Strobe |
H N (o A —1D11
[ R
PC508
Stg Strobe Trigger L
s FL
@ pd A é Disk Transfer Time
/ OR
i ERIIO,
A EBR
P
Test 5 Channel CD C508
L A Storage Cycle Request
Disk/Dskt (Load) BC Req | A*OR ‘ v - Go4
‘ CD rF
Expanded Cycle Steal Reg C
Expanded Cycle Tgr — 2
C12
R
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Burst Cycle Steal Mode (Operational Sequence)

Disk/Dskt Block Processor
B Clock CHO09 ) )

CP Clks Active

T7 Pwrd PC110_ ) ( /
{
Disk/Dskt {Load) BC Req CHO09 3 >

{f (
Disk Burst Mode Gated PC534

g

ﬂ Storage Cycle Req PC508 3y
t(
- Clock SAR and X Reg (T8) PC142 4,
Rt
Bl csY Trigger PCO30 4y
LA
Storage Strobe Tgr PC508 y)
t(

Strobe Pwrd PC510  y 3.
) t(
B Read/Write & LSR Select PC230 )
- 1

Sys Bus Out Data Valid! . Y]
it
Sys Bus In Data Valid® )
- ((

lData\ is moved from the control processor to the disk.
2Data is moved to the control processor from the disk.

CP Data Flow Card A-A1H2
1

Board Tiedown  U12 |
+Storage Bus Bit LoP  J12 —T—
+Storage Bus Bit 15 11| — 9
14 G2 -
13 P02 l
12 M3
1 en . v \ 4
10 G
9 Mmo2 Parit 1 X
8 n3 SDR Hi il SDR Lo 1506 +SDR P Choek
+Storage Bus Bit Hi P G13
+Storage Bus Bit 7 G09 )
6 PO6
5 MO06 9 B
a4 1o 1, ) B
3 MO5 —| GO5  + Stg Gate Hi Gen P Bit, Test Pin
2 pos
(‘! POS ' v J 4 L 4 \ 4
. 1 Parity
e soR poy —1 Stg G _ | Stg Gt 2 |D02 +StgGate P Check
+Reset SDRHi P07 |—— tg Gt g N tg )
i Hi Lo T1U11  +Sig Gate Low Gen P Bit, Test Pin
~SysBusinBitP  BO8
15 M0 *
M3 9 2 [BO4 +Sys Bus Out Low P1
13 Mo - | D04+ Sys Bus Out Low P2
12 mo7 e
1 Mmoo .
10 Mt l Driver
9 M2 : V02 +Sys Bus Out Bit 8
8 P9 \ 4 2 uoe 9
s02 1

+ Stg Gt Hi Bit O Fixed  GO3 2 i 8 |soa 1
_+StgGt HiSel Bit1  GOB X Hi Reg Y Hi Reg X Lo Reg Y Lo Reg P! oo a 12

+StaGtloBito DO6|__ 2 uio 13
LSR “'I

S10 15

Board Tieup

Boad Tiewp I3 | I-' —~ 3 r— ] I —1 r— L

+T3andPhase A P10 }——~ 1 Carry
oﬂockSARandxmg P11 }
+ Speciat SysRst 407 |-

1
. .
- Select Stg Gate Data P12 |— ‘: i R
+ALU Func Bit0  BO3 - —
1 Do "
2 D09 Driver - 1 _ 1 {802+ Pay Precice Cary ot H, Test Pin

+Cany In so7J '{, ¥ ‘”,' w05 +oms

SigGtLloBit1 D11 l_‘AN\_‘+5V
s13} 1 ! -

ALU Hi _ALU Lo — e

+ALU Gate Hiflo Sel 0 GOa| 3 Parity 1 {S09 +ALU Error
1 Goe All Ones Low l
2 Go7 . ALU Gt Hi ALU Gt Lo 2 |D13 +ALUZero
1. . 302  + Carry or Ones
+ 16 Bit ALU Opesation  GO2 | 8 or
. D12 +Sys Bus Out Bit @
+LSR Address Bitd U0 -
L j l 007 1
M P 812 2
2 sos
- . 1 |sos 3
3 Pi3
5 S06 g [B07 4
NE 5
+ New LSR Addr Bitd 503 T len
. L 1! 6
[ Vietshie sul - [ 7
—Write LSR Hi B13 |- - - - B10 +Sys Bus Out Hi Bit P

. CP System Control Card A-A1G2

+ Storage Bus B0 J11 “——ﬂ_—-\ . R o
PO7 > H ALU 4 D11 #ALU Func Bit0

1
1 > D10 1
2 n3 F
3 e — <R o Thhen . . 110 2
4 6n T1/T2 ] . . - 03 3"
5 G13 . rl__ —T . ~ 2 _|M06 -Clocked MOR P Check - .
l_j m - - — E "1 D05+ Sense/Load MSP Registers
BitPHi G509 : L 1 +|S12  +T3and Phase A
+ Storage Bus Bit8 1312
9 206 . 'ﬁﬁl B4 + 74 Theu T6
10 P02 - 1
— ! Times L bz +17Pwm
n oz g e ime: S p— 1
12 Mo2 S09  +Phase A
:3 m P s BO3  +Stg Gt Hi Bit O Fixed
s Gate 5 U10  +Reset SDR Hi
5 ) D09  + Stg Gate Hi Sel Bit 1
Bits
» Storage Bus Bit Lo?  Goz| i 807 +StgGote Lo Bt
4100 ns Osc Pwrd ~ JO6 }—'—— l_.I BOS5 +StgGate Lo Bit 1
+Speciat Sys Rst  S13 |————¢ -
-RuntatchOCD MU1| 2
B + storase Cycte Request P10 | b/
i
+Branch Cond Met D07 | - 1
i BOB  + Controf Storage Access
- Command Bus in Bit 4 Gated D04 |_1_ g&’:‘a:’e' 1 _:
o +BPCTer  GO3 |1 ‘Access 1813 + Single Cycle
- CBI Bit 1 Cycie Steal Read  S08 — 3 % *ALU Gote HifLo Set 0
. - CBI Bit O Cycle Steal Incr ~ S06 |— B10 2
+ Mode Selector Sw Bit 1 J04 L3 éLU 3 B09  +Write Stg Hi
2 w2 | H.?’L"’ D02+ Write Sty Lo
3 J05 . ] /Lo D12 +16 Bit ALU Operation
B p—>  Write 1
. - Control Storage Sw D06 |—— T Stg 4 »>{mM07 +ir0 0
o 3 M10 - Storage Function -
U09 - Select Storage Gate Data
= Carry in . 811 +Canyin
Clack - +{U07 + Clock SAR and X Reg
+ Carey Log PCR = SAR r—-u[
v LogPCRBit4  B12 | .
’ L Clock CS 3 |mz -Write LSR Lo
Write LSR I‘;“ ~Weite LSR Hi
Hi/Lo . B80S - Clack ALU Gate Check Tgr
) 1
. r—ol U11 - Clack Stg Gate Check Gated
| 1
bt Clock j —————>|S07 + TS Not Display Storage
oc }
+CSY TorNew 007 | 2 Stg 2 GO4  + Status Card 2/1
— Advance Time from Channe! M08 Gate S03  +New LSR Addr Bit4
h
INT/CS LSR Decode 0 S11} o ¢ Check UG  + LSR Address Bit 0
1 s 5 M3 1
. 2 us t —] P12 2
vos
+ Address Switch 3-4Bit2  mi12|_2 . s02 :
+ Address Switch 3—4Bit3 S04 LSR 3 |68 +Suusseio
Add
.+ MC Interrupt Lth ~ U12 Statr::‘ l:‘; ;
-NewCSIPLCycle P13 | 4 Select 2 i
- CB1 Bit 2 Cycle Steal Adr Sel 0 P11 607+ Status Function 0

- CBI Bit 3 Cycle Steal Adr Sel 1 M09 E Juo2 1
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Port 0
Disk Attachment
811 —
Jump on 1/0 Conditiony f  * [*]
o tomes (A O s OO ey, eSS0 o
mmediate Decode % c
Base Cycle Steal Y [ C Port Register [
! =
o Disk Strobe 'r/f | | Command o
Device annel —
Address/ 17 Pwrd Controls Decode
Data Cycle
3 ’ Y Steal
Data Buffer R =1 u—§ — o Disk Burst Mode Gated { 4 1‘7 4() () s
Sys Bus Out Command/ +CSY Trigger g I 1t R
Bits 815, P1 8-11 | oo Dat T Disk Block 1l RS )y .
Pp; Device ata 07 Processor Clock ¢ g
ooa | Address/ fumma 7 J. wpxpoBusoutBis0-7 [ Data Bus Out i i T
Data |em— E Y — —
13_ _ _ | e
121 3 — 8 Gate PC [ | J
Modifier/ I - e Sense 1/0 Sense | [1/0 Load
Data p— 4 “ on 1/0 Interrupt Controt Control
o 7 L Condition Level Sense Load
N ' Status
[ Cti J S
nstruction ; (_Service in coimita | [0 110 Storage]  1/0 Storage] L r_
WS | A
I I R K - Command ‘L _L |
Command Bus n 05 —Command Bus tn 05 _ Bus in R |
< = - < - r Data Buffer
T N -~
Port l Disk Burst Cycle Request |, . T
: Checks 8 —4§ A§
CBI Bit4 Register et
f 1 )
- — 1 ] i S .
Control Out Pwre
Pwrd/Service Out Pwrd !
Cycle Steal 4‘) (l Strobe Pwrd/Service Qu I Disgnostic SERDES Disk
-] — Mode
I | port —
6~ Control (write.
S
<[\ T I Port Status . MPXPO Bus Out Bit P
S )]
T Port Clock
mmad)y( Control
I I Advance Time Clock -3—4f¢——
T | Decodes | 4 s s____—. Interrupt
< Level
7 intermupts ——3 | S Data ¢ St 10
Bus In < Control
MPXPO Data I Bits 0—7, P . PLLLIL Assembler ) Sense
o) __ System Bus in Bits 8—15 oo 1
<
PC = Parity Check
PG = Parity Generate
CP Port Card A-A1L2
-89 ms Clock 13 | )
- Microinterrupt Request 4 B2 I
- Interrupt Level 5 Req  J06 3 Function |
A 3 12 - Command Bus Out Bit 0
+ SysBus QutBit8 U113 4 811 Decode : $06 1
9 s09 c | S04 2
10 Uoe )
1 uo? —f
12 U2
13 s
14 so8 ]
15 05
+Sys Bus Qut LowP1 507 Port Register
NotUsed D13 Data Buffer Device
* 4 0-3 . [g —™ Address/
I = Data
+1/0 s | ¢ 3 Sald Device MO2 - MPXPO Bus Out Bit O
_____ Mo4 1
+System Reset  DO7 | Address/  jmm—t foved M
Data 8 o | M08 3
+T7Pwrd  BOG | 5 mp| CEY/ V| mo7 4
3 Data Mo8 5
_____ M3 6 -
+ Multidevice Response  MO3 | 2 4 R m10 7
- MPXPO Data 100 U10 A 1215 v PO2 - Sys Bus In Bit8
1 uos —————  Modifier/ Gate Po4 9
2 un : Data > POS 10
3 s12 4 47p o 8 a| P06 10] n
4 s10 > v © Tt PO9 12
") I P10 13
5 uom 7 Port Qhecks f P11 1
7 u02 2 Register P13 15
PS03
1 | J07  + New Channel Check
- Command Bus In 4 113 | 1
[—_L —————————————»{ M12 - Control Out Pwrd
!
~Command BusIn5  G11 | t ¢ PY 1 BO7 +BPC Tor
- Service In B9 |- 2 Cycle A { GO4 - Command Bus In Bit 4 Gated
9 | Steal , D11 . Disk Strobe
R ; I .
CBI Bit 1 Cycle Steal Read 502 } > 5 | G03  + Storage Cycle Request
G12 - Xfer Error Gated or 10 Echo
- CBI Bit 2 Cycle Steal Adr Set0 D12 |- | Port : | M11 - Service Out Pwrd .
. Control M13 - Strobe Pwrd
g | - Disk/Dskt (Load) BC Req ~ J11 |——— Port Status
h P 2
[El)I- Disk/Dskt Block Processor Clock o4 "L 9 3 GO9  Advance Time from Channel
- Base Cycle Steal Request  G13 i Port Clock PO7 - - Sys Bus In Bit P
+MC Inerrupt Lth 813 | 2 Control P12 - MPXPO Bus Out Bit P
B +Phase A D09 5 -
+CSY Tgr to Channel  GO7 |'—— -
-PORor Reset Key G10 |~ ] l 3 gg - INTICS LSR n'"“"‘:’
- Microinterrupt Request 1 B04 Clock B12 2
2 ggg . Decodes D10+ Interrupt Req to Run Lth
D04 -P
- System Unit Lamp Test D06 > Dg et lntermpt;
+ Enable Interrupt ~ GO2 10 B80S L}
- Run LatchOCD  J09 | Interrupts .
+T3and Phase A BOS 2 ] i Mode Gated
- Board Tiedown 3 J02 'ﬁ_ 810 - Disk Burst 2
Not Used Gnsl — } 1 1G06  Not Used
Not Used  J10 - 1 -
CP Storage Control Card A-A1F2
L1
~ MSP Clocks Stopped  JO6 | MSP 1
Run +U05 - MSP Run Indicator
+ System Unit Lamp Test  U0S } 1 Indicator
MO3 - Display SBO Bit 8
+Sys Bus Out Hi Bit0  MO7 s12 9
1 po7 Mo9 10
2 no ; P09 1"
3 bz 8 Display 9 co8 12
4 803 $80 g 13
5 802| 9 R > Bits G11 14
6 um. » 613 15
7 s09 Mo2 P
P S13 . 15
= saRr @ UO7 +SARBIt6
m2 7
+SysBusOut Lo Bit8 P10 1] U1 8
9 M0 506 9
10 so2 . 10 |pi3 10
n s g o Parity M3 n
12 U9 > Gen P06 2
13 P12 0 Address vz 13
14 so8 uiz 14
15 s10 and M1 15
P SN 15 3 SAR
Checking
1 2 010 - Ctl Stg Address Chk
16K Jumper = 0 and 1 Jumper 16K |— - D09 - CtiStgSAR P Chk
o Jumpef pin £| B11  +Card Select 0-16K CS
- D u D Ry = S05  Not Used
= < ppdbet 5 B10 Not Used
0123 G02  Not Used
Card 10 B13 +CSX1
Select BO8 +CSX2
LI_IJLL IJLl 4IJLI IJ B07 +CSX3
BO6 +CSX4
1 ™ D11 +CSY1
+Clock SAR and X Reg 507 |— 1 — D07 +0SY2
Bit2 P11 +CSY Tor New
) + or
+MSCSY Tor Signal - G03| 4 113 +CSY Tor to Channel
+ 75 Not Display Stg D02 GO9  +Write MSP Register
+Sense/Load MSP Registers D04 csy 202 +8K Group Select
+ Control Storage Accéss  JO7 |;_ - Tar
1
- Storage Function  J05 1 Storage Cycle —7 1%0 ns | P04 +100 s Osc Pwrd
SC
- Check Run Switch GO | 2 Storage
- +Write Stg Hi B0 Clock 150 s
1 2 ] 005 +CS Write Pulse High
+Write Stg Lo GOS | | 006, +CS Write Puise Low
. .
+100 ns Osc Pwrd  J04 |— Jum ~ Advance Clock From Channel -
3 BOG  +Write Main Storage
|Gos +cP Clock SAR Gated
+MSP Write Main Storage  D12| 2 Main Stg —{ Go7 +MainStg Op Tor
+1/0 Instruction  U04 [ Op Tor
1 +
+Phase A G12 | System Reset 1 :m + System Reset
+Datad 411 _—
+BPCTgr P05 Sys S03 - New CSIPL Cycle
- Processor Check 812 g Rst [ MO6 - CSIPL Cycle
-POR or Reset Key 12 804 - Load Indicator
- Load Key Pressed Int P02 | MO5 - Transfer Complete
- Load Key Released  J09 M4+ Spocial Sys Rst.
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Base Cycle Steal Mode
™ cccccccceccoc e
cccececceccccececec
C-Times (port clock) Pcszs{soo000000000000000000000111|$$$?f$??f$?§§g
00000 O000D0O0O0O0 9 37 FEG6T76 7FEGSG20080937FEG6TE 7
Data can be moved between storage and a st - FEs200
device attached to the port by the base cycle 0 s Gyt st e i § oo i
. N\ i S
steal mode of operation. The port and I/O Block Pracessor Clock (BPCtgr) ~ PC508 ‘,‘,—\\ fv (- ‘ ]
attachment use a timing sequence to move data 7 pwra Fei10 7 \ " « (!
Y \( \ R 3 K —_
as shown below. One byte of data is moved for Base Cycle Made (base cycle steal th) PC534 ;:, : - «,(, e 11
: g . N/ ‘
each request. The cycle rate relies on the 1/0 R concot 0wt pura Pesio 4 —4- i :,:)
.o . I strobe Pwra PC510 « ) Mo 2t &___,__,_( ) Wote2l -
attachment and the condition of the higher _ {5 / — —y \ /7 — 1
o X Service In” PC518 (« « £
priority needs (burst cycle steal or interrupt level R / h- 4
) Service Out Pwrd PC510 46 1 4
1 1 R
1) of the system. The maximum possible data orage Cyde Reques vesnn . / 5 N \ !
. : . . {5 — {5
cycle rate is 1 byte per 3.5 microseconds. This [ Clock SAR and X Reg (T time)  PC1a2 % / ( A — « /
. »
mode has a system priority less than burst Sterage Gy T Peorz & / % \ -/ o /
storage function] / A )
cycle steal mode but can be of any lower CSY Trigge 10 Channel Po030 4 & ,——.ZA ,).) /
- Command Bus In (CBI) Valid® ! _A /
priority under 1/0 attachment control. F Command Bus n (cB Vaid —¥ { - i 5, I
3 I
MPXPO Bus Out PC506 4 Iy Frr—m———_ o= 4
) MPXPO Data In Valid (if appli M I \ @ l ( \
The work station attachment uses the base TN B 7 N
Command Bus Out (CBO) PC542 4 T 45 5 S~
cycle steal mode of operation to move data
- Notes:
from the control processor to the work stations.
1. This example shows only one base cycle steat occurring. The entire handshaking sequence would accur again if ‘base cycle steal
request’ remained active beyond the time shown {provided no disk cydle steals were requested).
2. If the 1/O device responds to ‘control out pwrd” and ‘service out pwrd’ in synchronous operation, only one strobe will occur
under each tag line. Otherwise, up to 7 strobes may occur in each portion of the sequence for asynchronous operation. if 8
strobes occur, a time-out occurs and a blast is generated.
“Signities 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 stovage
{X CSY Tgr), and a time for storing data to the 1/O attachment.
Base Cycle Steal Mode (Operational Sequence)
CP Data Flow Card A-ATH2
A 1
Board Tiedown  U12 |} I-
+ Storage Bus BitLoP  J12 —
+Storage Bus Bit 15 Ji1 | — 9
14 G2 . |
13 P02 l ‘
12 M03
1noan v
10 G10
— N
9  MO2 Parit
8 113 SDR Hi Y SDR Lo 1 {206 +SDR P Check
+ Storage Bus Bit HIi P G13
+Storage Bus Bit 7 GO9|
6 P0G I
5 MO6 g
4 no 1 ] G0S +Stg Gate Hi Gen P Bit, Test Pin
3 Mos { 9 :
2 Pos ‘ ‘ ‘
1 Mo4
: 4
o Pos ' A ) v
1 Parity .
+CSY Tgr New 09 b——p ——
i | e—— Stg Gt I Stg Gt 2 | D02 +Stg Gate P Check
*Reset SDR I P07 o Lo 1U11 + Stg Gate Low Gen P Bit, Test Pin
~SysBusinBitP  BOS
15 M10
14 w3 2 |BO4 +SysBusOut Low Pt
13 M08 9 P D04+ Sys Bus Out Low P2
12 mo7
11 M09
0 mi1
9 Mz T U02  + Sys Bus Out Bit §
8 PO9 uoa 9
2 v v s |52 10
+Stg Gt Hi Bit O Fixed  GO3 - I _ |soa 11
+Stg Gt Hi Sel Bit 1 GO8 l X Hi Reil Y Hi Reg ) X Lo Reg Y Lo Reg W uos 12
+5tgGtLoBito DOl 2 ';: ::
SgGtLoBit1 DI IMJ+5V s10 15
Board Tiewp  S13 !—.:
Board Tieup  U13 |-¢
T v ¥ v ¥
+T3andPhase A P10 | 1 Carry LSR
1
-
+ Clock SAR and X Reg. P11 | ; ALU Hi ALU Lo — . .
+Special Sys Rt J07 } - . Hi
] —>1
- Select Stg Gate Data P12 |— ; ‘—l
+ALU Func Bit0  BO3 2 )
g 3:]; Driver ) ]B02  + Pty Predict Carry Qut Hi, Test Pin
3 B09 J L 1 »{ 105 +Datad
+Carry In SO7 v
J ' Parity 1,
+ALU Gate HilLoSel 0 Goa| 3 {$09  + ALU Error
1 Goe All Ones Low I )
2 Go7 ALUGt Hi ALUGt Lo 2 _IDI3 +ALUZero
1. J02  +Carry or Ones
+16 Bit ALU Operation  G02 |- :
D12  +Sys Bus Out Bit 0
+LSR Address Bit0  U06 bo7 p
1 uos 812 2
2 s05 806 3
3 P3 807 M
5 506 S9! s 5
+New LSR Addr Bit4  $03 B11 6
~Write LSR Lo S11 } DS 7
~Write LSR Hi  B13 } 810  +Sys Bis Out Hi Bit P
CP System Controt Card A-A1G2
+ Storage Bus Bit(: ::); 9 ——:q_— L ALU g::) +ALU Func Bit?
2 a3 ] | Function 50 2
3 PO —— MOR Bits 29 3
4 6n T2 I
5 613 I EL_ T 2 _|MO6 - Clocked MOR P Check
6 MO4 1 | DOS  + Sense/Load MSP Registers
7 Mo3 [ LY 3
sen  Goa ~»}s12 +T3andPhase A
+ Storage Bus Bit8  G12 L
9 PG T e e
10 P02 y ;bl B02 +7T7Pwrd [
n n2f g —  Times  — 1 .
12 Mo2 ™1 . S09 +Phase A
13 Pos 1 Stg BO3 +Stg Gt Hi Bit O Fixed
14 POS G 5 U0 + Reset SDR Hi
15 Mos ate D09 +StgGate Hi Sel Bit 1
+Storage Bus Bit LoP Goz| ] Bits BO7 +Stg Gate Lo BitQ
> & .
+100 ns Osc Pwrd ~ J06 |1— Ij BO5 +StgGate Lo Bit 1
+ Special Sys Rst  $13 |————@
-Run LaichOCD M1t} 2
+ Storage Cycle Request P10 | — .
+ Branch Cond Met D07 | roe— .. Control 1808 + Control Storage Access
3 N ) ontrol
- Command Bus in Bit 4 Gated D04 | 1' Storage {813+ Single Cycle
*BPCTer  GO3 b Access | 3 [GO5 +ALU Gate HifLoSei 0
- CBI Bit 1 Cycle Steal Read  S08 }- i G10 1
- CBI Bit 0 Cycle Steat tner 06— AL 810 2
+ Mode Selector SwBit1 104 | 3 Gate 3 m piing :z "
2 w02 T [ Hilko g D12 +16Bit ALU Operation
3 Js5 1 p—  Write - il "
- Control Storage Sw D06 }———  — Stg T ] MO7  + 1/O Iastruction
3 |M10 - Storage Function
U09 - Select Storage Gate Data
Carry in I811 +camyin
Clock {UB7  + Clock SAR and X Reg
+Canry Log PCR Bit4  B12 |- 1 SAR —-——I
L 3 |DI3 -witelSR Lo
v‘j'?’d‘Lci GO6 —Write LSR Hi
"H';Los {605 - Clock ALU Gate Gheck Tor
1
———————] U11 - Clock Stg Gate Check Gated
1
I —————>{S07 +T5 Not Display Storage
- Clock
Stg 2 GO4  + Status Card 2/1
+CSY TarNew 207 | 2 Gate N SO3  + New LSR Addr Bit 4
- Advance Time from Channel M08 | P
*>—> U06 + LSR Address Bit 0
INT/CS LSR Decode 0 S11 -
v osio |2 [ l 5 |3 1
2 ui3 - — 12 2
I uos 3
+ Address Switch 3-4Bit2  M12] 2 s02 5
+ Address Switch 3—4 Bit3 S04 LSR 3 |GoB +Swwssel0
Address uos 1
+MC Interrupt Lth  U12 - Status I S05 2
- New CSIPL Cycle P13 | 4 Select 2 _1GO7 +Status Function 8
- CBI Bit 2 Cycle Steal Adr Sel0 P11 —I uo2 1
- CBI Bit 3 Cycle Steal Adr Sel 1 M09 "




5-23

Port 0
Work Station Attachment
8-11 o
Jump on 1O Conditiong v 8 g B0t | e
i Funetion . pommard Bus O 022, Strobe cop o Attachment Status _ ¢
1/Q Immediate (k Decods > c
y i i
£l s8ase Cycle Steal ] [ C Port Register Wa Out Command Controller Status, DBI Buffers 2
0 Service Out Decode — -> — o
Device System Reset PCR o | Status oR DBIO-7 .
| Address/ —
Data B Adapter
Gircuits
3
Data Buffer A~ - cantrter | coso B P CpsO —-J
Sys Bus Out 0 Command/ i
Bits 815, P1 8111 ovice Data B Service In
_3 . | Address/ Yamma 7 | MPXPO Bus Out Bits 07 _Muitidevice Response | cceo
r Data . ~ s E Data Bus Out l r Diagnostics » ———
3 rmm—— ———| [ ——elp
————— s 3
Baloy | heirions E T
reaqs ifier. - I T Level 4 Interrupt Reguest nE A ) pcR [P
| Data a — §—
7 Base Cycle Steal Request
110 i | —_
Instruction’ J ~
(_Service In o
I —3 | s - | ppo M
o J: I Command Bus In 0-5 (M'mq—ﬂ SERDES
T Port T 1 ™ . Controller 8 1 SERDES OR
o e Command 'f’ “; I o -
CBI Bit 4 Register Decode
( | n
- 1 J 6 6 SERDES iy
— ‘l‘ Control Out Pwrd Centrol Shift :’ 4 4 4-6,15
Cycie Steal .  _Strobe Pwrd/Service Out Purd Seriat In
- W £
4 1 Part ) h 2 ~ SERDES Status N
6 — Control - : r
h i Port Status . Bl c8l R i )
I C MPXPO Bus Out Bit P Bit5 Bit4 Receive csl/ - i -
: NT Binary by Cable CEITE
- E : 3 Data Address I
Port Clock . Register
J- N i . )
wjp| Control n CBI0-5 J
I I . ¢ " Receive Data .
Advance Time Gok L3 g . T - —
~1 Decodes . . Driver/
« }_ a—y — . Transmi Receiver
: e ansmit Data (
7 Interrupts ) ¥ Transmit Binary Data_| Demodulator ]‘
3
T . MPXPO Data In Bits 07, P 5 e 2]
Data Bus In
__ System Bus In Bits 815 R h ) e a—
¢ -
PC = Parity Check
PG = Parity Generate
CP Port Card A-A1L2
. -8.19ms Clock = S13 l 2
+ -+ .. ' Microinterrupt Request 4  B02 l i P
- Interrupt Level 5 Req  J06 3 . Function ’ 3 | 912 - Command Bus Out Bit 0
+SysBusOutBit8  U13 4 ‘81 Decode - P so6 1
9 S0 » " I S04 2
10 uos
1 vo? >
12 vz
13 s T 1
14 so8
15 s05
+Sys Bus Out Low P1 SO7 Port Register
- Data Buffer Device
NotUsed D13 f——— 4 03, [o Address/
1% Data -
+1/0 jon 405 | — & ) 811 i MO02 - MPXPO Bus Out Bit 0
. » Device | ® It || | Mos 1
Pt 2
+System Reset D07 |- Address/ Mos :
Data 8 o [ M06
| 5 o1 CBO/ P mo7 [ 6 ] a
+T7Pwrd  BO6 | i Data mos .
3 Mog 6
S m10 7
+ Multidevice Response  MO3-}— 2 a o
v P02 - SysBusinBit8
- MPXPO Data In0  U10 4 12-15 o S
1 uos > i F— p Cate P05 10
»
2 un Data ~ 3 o PO 1"
3 s12 4 4-7P > P09 12
a 4 s l I P10 13
: ugj 7 Port Checks mm P11 14
ul : T
7 uo2 2 Register P13 15
PS03 1
} J07  + New Channel Check
- Command BusIn4 13 |- 1 M12 - Control Out Pwrd
’ 1
8 - Command Bus In§  GI1 | [ H —; 807 +BPCTor
) 1 { Go4 - Command Bus In Bit 4 Gated (]}
Service In 809 } 2 Cycle . I
9 Steal D11 - Disk Strobe
- CBI Bit 1 Cycle Steal Read 502 |- g 5 GO3  + Storage Cycle Request
5 G12 - Xfer Error Gated or J10 Echo
M1 - Service Out Pwrd BT
- CBI Bit 2 Cycle Steal Adr Sel 0 D12 } _y  Port I -
! Control J M13 - Strobe Pwrd
- Disk/Dskt (Load} BC Req 11 }_7__7 ) Port Status
) i G09  Advance Time from Channel
_Di lock
Disk/Dskt Block Processor Clock o4 T 9 | Port Clock 3 - PO7 - Sys Bus In Bit P
I8 - Bose Cycle Steal Request  G13 ~»| Control P12 - MPXPO Bus Out Bit P
+MC Interrupt Lth 813 I 2
+Phase A D09 . 5 ’
+CSY Tor to Channel  GO7 T 3 B11 - INT/CS LSR Decode 0
- POR or Reset Key G10 |~ - & - Go8 1
Microi Clock B12 2
- Microinterrupt Request 1 BO4
2 BO3 Decodes D10+ Interrupt Req to Run Lth
3. D02 5 4 D04 - Proc Interrupt 1
- System Unit Lamp Test D06 10 gg: i
+ Enable Interrupt ~ GO2
-Run Latch OCD 109 Interrupts .
+T3and Phase A BOB 2 . - 810 - Disk Burst Mode Gated
- Board Tiedown 3 02 h—) I )
NotUsed  GOS —f »| GO6  Not Used
Not Used  J10 - - S
CP Storage Control Card A-A1F2
1
- MSP Ciocks Stopped 0B (— MSP 1
Run - +|U05 - MSP Run Indicaior
+ System Unit tomp Test  U06 | 1 Indicator
MO3 - Display SBO Bit8
+ Sys Bus Out Hi Bit0  M07 §12 9
1 PO7 M09 10
2 g0 8| Display 9 |°° I
3 013 SBO P Gos 12
4 BO3 y G10 13
5 802 9 N > Bits Gn 14
6 un e . G13 15
7 so9 M02 3
1
P s13 ‘ 5
— SAR o~ U07 +SARBi6
m12 7
+SysBusOut Lo Bit8 P10 0 u10 8
9 w10 o S06 9
10 so2 10 | p13 10
11 so4 . Parit B M3 n
12 009 > Y . P06 12
Gen
13 P2 01l Address L":g '3
14 so8 1
15 s10 | and Mt 15
SAR
P1 st 15 3
Checking .
. } 2 D10 - Cul Stg Address Chk
D09 - Ctl Stg SAR P Chi
16K Jumper = 0 and 1 Jumper 16K p— ! 9
o Jumper pin 01 B11  + Card Select 016K CS
— D [! D focation > S05  Not Used
= < b 5 B0 Not Used
0123 . GO0Z Not Used
Card 10 B13 +CSX1
Select BOB +CSX 2
BO7 +CSX 3
. BOG +CSX 4
D11 +CSY 1
+Clock AR and X Reg 507 j——_ D07 +CSY2
Bit2
P11 +CSY Tor New
+MSCSY Tor Signal  GO3 1 3 : 4 413+ CSY Tor to Channel
+ T5 Not Display St1g D02 v GO9  + Write MSP Register
+ Sense/Load MSP Registers D04 cs 102 +8K Group Select
+ Controf Storage Access 07 }—1—7 " Tor .
Storage Cycle . 100 ns e
_ Storage Function 05 |—1 ge Ly ] ) PO4  + 100 ns Osc Pwrd
- Check Run Switch  G06 | 2 Storage
+Write StoHi  BOS 150 ns
Clock 2 |D05 +Cs Write Pulse High
+Write Stg Lo GO5 ',J . 1006 +Cs write Putse Low
+100 ns Osc Pwrd  J04 M & . U02 - Advance Clock From Channel
3 BO9  +Write Main Storage
"] Goa +CP Clock SAR Gated
. 1 |
i T
+MSP Write Main Storage  D12| 2 Main Stg {607 +MainSigOpTar .
+1/0 Instruction W04 [ Op Tor
+Phase A G12 1 + System Reset L {mo8 +System Reset
+Datad i1
+BPCTgr POS Sys . S03 - New CSIPL Cycle
- Processor Check 812 | ¢ Rst . 5 MOG - CSIPL Cycle

- POR or Reset Key J12
- Load Key Pressed Int  PO2
- Load Key Released  J09

MO5 - Transfer Complete .
M04  + Special Sys Rst.

IBM - Load Indicator
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Microin‘;errupt 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.)

Channel Exerciser Loop Program

This loop program can be used to test the
channel with the disk, line printer, or diskette.

Directions for entering and exercising the loop
program are as follows:

1. Reset the PMR and CMR by momentarily
grounding A-A1Q2D13.

2. Press the Reset switch on the CE panel
(resets MAR to hex 0000) and ioad the
following program:

Address Instruction Comment
0000 B960 Sense switches

1 and 2 into

WRO(L)

Sense switches

3 and 4 into

WR1(H)

Load data buffer

with test data

0001 B569

0002 B909

0003 B941 Sense data
buffer into
WR1(L)

0004 0002 Branch

Switches 1 and 2 select the device ID:

AO = disk
EO = printer

Switches 3 and 4 contain the test data.

Select the device ID and test data in the
switches, press the Reset switch and step
through the program once. Upon stepping
through:

WRO(L) contains the device ID.
WR1(H) contains the test data.
WR1(L) contains the sensed data.

Note: The sensed data for the printer will
be the complement of the test data, due

to the polarity hold circuitry in the printer
adapter card.

Rotate the Mode Selector switch from the
Insn Step/Dply LSR position to the Proc
Run position, press the Reset switch and
then the CE Start switch. The program
will loop from hex 0002 to hex 0004.

Use the following loop program to test
the diskette with the channel:

Address Instruction Comment

0000 B960 Sense switches

1 and 2 into
WRO(L)
0001 BB48 Sense hex FF
into WRO(H)
0002 0001 Branch

Note: If the modifier of the instruction at
hex address 0001 is changed to D, the
sensed data will be hex FO; if the modifier
is changed to E, the sensed data will be
hex OF.



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 1/0 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:

WRO0 Low Bits
. 0-3 4-7
Device

Hex Address
Channel/port oo
Unit record MICR (1255) 50
Communications 8 0
Disk A AO
Disk B BO
Work station co
Diskette DO
Line printer EO

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 1/0 Load or 1/0 Control Load
later in this section).

. The |/0 attachments use the 'CBI bit 4’ line to:

« Show that the condition tested by the jump
on |/O 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
met

Port/
Channel
Control Processor Sense Control, l
Yes (MPS) Status, l
1/0 Clocks, |
Errors, l
PCR | |
Channel ) 's-SRk | '
instruction b Stay in Processor i I::a(: | l
Control l I
: Processor l
Set/Reset, l
Enable/ I l
Control Processor Load Function Disable I
{(MPLF) Controls I l
: I /0 Device
Attachment
1 1/0 Load Data
LSR to or from 1/0 Control VLoad Control
Attachment N
P
1 1/0 Control Sense Status
Storage to or from - Sense Interrupt
Attachment Level Status Byte Status
1/0 Sense Dat.
T ata
Condition to be Tested
Status
Command Bus In Bit 4
Bit 4 Active Yes Condition
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i/0 Immediat_e

101 1| Modifier | Function | H2 | Reg 2

0 3 4 7 8 11 12 13 156

The /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 1/0
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 1/0 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 /0 Immediate in the Control
Processor section of this manual.

H2 (Bit 12): Selects the I gh=~ Jr iov'-: rdar
byte of the selected local siorage. re gi: te  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 storace 1egister
stack for the current interrupt ievel. This
register is used for the byte of data or control
information that is to be sent or received.

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

i, au or 1/0 Control Lead (IOL, IOCL)

P01 Function | H2

Modifier Reg 2
4 7 8 11 12 13 15

o
wW

This part of the 1/0 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 biis are
sent to the channel where they are decoded as
either the load or control load command. This

~command is then sent to the 1/0 attachment

on the"command bus out’ lines.
Bits 8-11 = 0000 for IOL

Bits 8-11 = 1000 for I0CL

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.

Data Gated to Data Buffer

Data Gated to MPXPG Bus Out

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

]
T il
Device Adiiress

Timing of CP/Channel Functions 200 ns Printer IOCL’
T0 T1 T2 T3 | T3A [ T3B | T3E T4 | T5 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 to SBO) PC502

CBO Decode from SBO PC542

Stg Gate Lo from Stg Gate Hi PC230

Load Data Buffer (modifier bits) PC526

‘Seylect 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
‘Service In (from 1/0) PC502

Service Out Pwrd (from channel) PC510

CBO Bits Active PC542

Modifier Bits to Data Buffer PC502

Address Bits to Data Buffer PC502

Modifier Bits io MPXPQ Bus Out PC506

Address Bits to MPXPO Bus Out PC506

Mod. and Address Bits Sent to 1/0

Advance Time from Channel PC518 A
Strobe Pwrd PC510

Data )
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FSL Assemble Address and Select 1/0 Attach ; Send C —_
Page Command in Channel and Modifier to Attachment on CBO . GCD
and MPXPO Bus Out Send Data Byte to Attachment c
[}
200 ns \ 5
Control Processor T-Times pcitg | TO| T |'T2 I T3 ]T3AlT3BIT3E|'___ — —|7a|s l 6 l - - - _—‘ o ’ ete
: |
Phase A PC110 WWWW
1/O instruction PC138 [ 7 i i S
Advance Time PC518 .l ! e )
Sys Bus Out Valid L SDR:SDR'LSR;*_—_——_‘_‘_______:_____L_— - -
Low { High |
Port Clock C-Times PC526 CO0 CO0 CO0 COG CO09 CO3!C07 COF COE -CO6 CO7 COF COE ||C06 €12 C10 C18 C19 C13 C17 CIF CiE Ci16 C17 CiF C1E C16 C02 CO0 COO CO0 COO
MPXPQ Bus Out Valid ﬂ Sov Addr and s Wiodifier — — - —
. « |
Control Out Pwrd PC510 — —)Y —+—
| I
Strobe Pwrd : PC510 } 4 Mew 11— J—LSS_'W
| i ’
Service In PC518 i <()() r ; 1
Service Out Pwrd PC510 { } I T
|
Strobe SDR Low Data PC526 — | |
: |
Strobe SDR High Data PC526 e N i }
|
Strobe LSR Data (WROL) PC526 : 1 l 4
CBO O i PC542 f {
| I
. | | .
CBO 1 Valid PC542 { === omw i ‘0~|for 1/0 Stg or 1/0 Immed Load; 1 for 1/0 Immed Control Load -
CBO 2 ) PC542 i |
| |
Load Data Buffer PC542 —ry | —
Mod DA T |
Gate Data Buffer to MPXPO PC506 — f —
Bus Out/Sys Bus In | |
Clock Port Register PC506 | — —
I Dev Addr and CBO |
Gate LSR (13, 14, 15) to SBO PC230 T— T1/0 tmmed —
(if applicable) I |
Storage Cycle (if applicable) PC012 { t g L
Gate SDR to SBO (if applicable) PC230 } 170 Stg L
|
DBI/CBI Not Zero Check PC502 } | I
|
Notes: | |
1. First strobe to be used for normal load operations. ] | .
2. Fourth strobe to be used for normal load operations. .
FSL Assemble Address and Send Data Byte to
Page Command in Channel Port and 1/0 Attachment

1/0 Control Load Instruction {200 ns
TO l T1 l T2 I T3 |T3A,T3B-l T3E| T4 | T5 l T6 l TO | etc
. | |
Phase A - PC110 Mﬁmﬂw

Control Processor T-Times PC110

|
1/ Instruction PC138 — I -
| |
Advance Time PC518 + |  E—
I
) !
Sys Bus Out Valid - < I'SDR} SDR| LSR[——— WR 13,114,156 L
Low 1 High | WROL |
Port Clock C-Times PC526 C00 COo0 Co00 Co0 Co9 co3 | co7 CoF COE coslcoo coo coo

| :

‘ MPXPO Bus Out Valid

Control Out Pwrd ~ PC510

I
| I
| [
| |
Strobe Pwrd v PC510 | :
|
Service In PC518 | |
| [
Service Out Pwrd PC510 | I
I
Strobe SDR Low Data PC526 1 ! |
|
Strobe SDR High Data PC526 | | :
I
Strobe LSR Data (WROL) PC526 — |
CBOO PC542 : }
|
CBO 1 Valid PCb42 I i
I
CBO 2 | PC542 ! |
| |
Load Data Buffer . ’ PC542 :
‘ Mod DA | (note)
Clock Port Register (if applicable) PC506 I 1
Set Port Status Bits PC516 | | — l
] T
Clock Modifier Bits PC542 — | :
| I

Note: Load port register instruction.
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1/O Load (Big Picture)

“Data tiow bus ties may not pass through FRUs a5 shown

Assemble Select 1/0 Attachment; Send
Address and | Command and Modifier to
Command in | Attachment on CBO and MPXPO
Channet Bus Out
Select Attachment
(Address, Modifier, and Command to Attachment)
CcPU | Channel | Attachment
| Function | Send Data Byte to Attachment
| Field [ CPU ] Channel ] Attachment
' Decode ' I |
101 1| Modifier | Function |H2|Reg 2 I 5 I
o]3 4] 78]tz | B ata  vPXPO
= | System | Buffer  p, |
7N
(s f H p— LSRs m——
WRO Low | S [y |
Device | System
Address 0000 | Bus Il ‘ : l ) |
| Ou JLI o MPXPO Select | '
! i T | lect LSR | |
| :l : ou || LSelect_High or | |
. Low Byte
N { | |
+ X T
N 101 1| Modifier | Function |H2|Reg 2 I |
7 SDR | I
Assemble
Address and
FSL Command in Select 1/0 Attach Send C. and Modifi
Page Channel to Attachment on CBO and MPXPO Bus Out Send Data Byte to Attachment
CPU Clock PC1t0 | T3 | T3 | ToB | T3 § T4 | T5 | T6 | TeE 4§ To | T
ns
1/0 Instruction PC138 — { 4
Port Clock pcs26 | coo | cos | cos | co7 | coF | coe | cos{§cor | coF | coe | cos | ci2 | cio | ci8 | cio [ c13 | c17 | ciF | cie | 16 §ci7 | ciF | cie | ci6 | co2
SDR Low to Channel PC220 ‘
SDR High to Channel PC220
B WRO Low to Channel PC230 5
Device Address and Modifier ~PC506
. MPXPO Bus Out 'l 'I
B command to CBO PC542 c { §
Control Out Pwrd PC512 —
B strobe Pwrd PC512 (4 £ 4
B} service In PC518 { o
Select LSR PC240
Gate LSR Byte to Channel ~ PC230
Data to MPXPO Bus Out PC506 c {
-EB Service Out Pwrd PC512 (|
Advance Time PC518 —
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 1/0
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 1/0 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 (MSP) Control Processor {CP) C::’-:ﬂ
v Bus Out Low Fromce | Towse
T s (
wsaois0 ol il L oo e {cp |__ToCP, JFromMsp P Gure Processing it
A-AIR2, S2, T2, U2 Gate MS Control Storage Bus "
Haun Storage cs 10112 15,
) <]
Register Byte 0
jj contrar Conteol @ b ‘5@ ~|| m
2 Storage Bus ":n Sys Bus Out Low Sys Bus Out Low ~
Staes G | :fl H ——
| Svs Bus Out High rom cp rim oo ! Sys Bus
i [ T T T T D N G HE f SHHE B - 0ottt
oo ]
H - m Nl :,Q::FZ %r %E :A-A1 Board
= 1 l
- =HH o
i g LA _ ==
e poriant o
: Low Compare. v
ke - =H
==l BT
Orsolay. ALU Gate
ﬁ‘ By High
0 g v s
v 801 0wt b
bl
A-A1J2 (PC300-399) L:ll
e )
o ” 78 15
|
s Gore Ot
] A-A1P2 (PM300-499) A-A1Q2 (PM700-899) A-ATK2 (PC400-499) A-A1G2 (PC100-199) A-ATH2 (PC200-299) A-AIL2
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\
“ v System Bus Out | Command. T
. . Function Bits Bus Out Command Mnemonic c
go10m | o012 . s
—1 0000 | 100-|1/OLoad , 1oL 5
I-fetch Establish X . 0100 101 1/0 Sense 10S
.| channelidevice 0101 0 0 1 | Sense Interrupt Level Status Byte SILSB
I-fetch and control B
operation processor 1 00 0 | 110 | 1/0Control Load 10cL
communication a 1100 111 1/0 Control Sense . 10CS
00 1 1 011 Jump on 1/0 Condition Jio
010 Base Cycle Steal

Bits 10,
1=10

Operation
complete

MPS and MPLF
commands

—
N Perform control Perform control
LSR WRO low (bits
Select LSR WRO L ————-] 8-11) contain "(‘e processor load processor sense Select LSR per
low device address per bits 4-7 per bits 4-7 bits 13-15
- and 12-15 and 12-15
Gate channel The channel clock See table
ate :'b' is used to assemble
f SDR |'ts the device address End
;:“M ow to and the command
n in the channel.
Note: No communication takes place
between the control processor and the
channel/attachment
Gate modifier
bits from SDR —
high to channel
H .
Gate device .: Transfer low Transfer high Store data from Store data from
address from J bvlte :;)TSR byte from attachment attachment
WRO low LSR to select selected LSR fhrough port through port
channel through port to through port to into low byte into high byte
attachment attachment of selected LSR of selected LSR
h
1. Select the attachment .
2. Send command and the Complete
maodifier to the ﬂ ) channel .
attachment on CBO and communication
MPXPO bus out
Channel HO Attachment Line Printer ~
Port0 Print Data
Printer Control
—
Jump on 1/0 Conditi g
- 5! Function . Command Bus Out 0—2 a €80 cc8
1/0 immediate s 4 ——— > System
Base CycleSteal ¢ s___, P Port Register . o > Print
? 0 Register — Controller
Q Device : Printer Wraps fuempl 279! | cpgy XL
Address/ - . Diata —— > .
Data Check Status b Bus In Print -
. . Assembly Data
Data Buffer B e § s Printer Status e 2K-Byte Register
Sys Bus Out o Command/ Switch Status Jem—g Storage
Bits 815, P1 811 | novice Data Eire Ti
3 , |Address/ jmmma 7 | MPXPO Bus Out 8its 07 PortData Ry (;Z,'H
< I _~ 8 H LI D Start Controller I
E S T o - " | Command Controfler 1PL
4 Gate E Decode
Modifier/ ~ . and _AS
R T o Suobe | L)
' Start Hammer Echo ¢ ¢ _Hammer Echo Return
1 C - o senicn B T L ¢ |{_Hammer Sampte 1
f « rvice In e ——
M X ! L Hammer :
Command Bus In 0-5 Command Bus In 0-5 . Check
— e g . Circuits
port l T T P pvinter
. Checks 8 Fire Tier {1-5) - Control
CBI Bit4 Register . T — Register
§ i 8 Strobe A
B ad { [d
r Control OQut Pwrd Control Out : ] Hl ),
Cycle Steal ] Strobe Pwrd/Service Out Pwrd 13 i ' Print Subscans
1 > 1’ %7 A - Service Out ‘ Adapter - ] -
I | ‘Service In Impression Ci SS _| Fire
e | Fon T A uttidevice ¥ Corrisge Advance | Tier 10
——— 6] Coma — Circuits
T l Port Status 3 Home .
- ( MPXPO Bus Out Bit P )
- Control Data Bus Out CDBO
X Port Clock - —
| Control ——I
4 - X System f
1 I pdvance Time s IR B e obs
T i B Decodes | 4 { — | Register
7 e N
Interrupts Ll B - Sense
I MPXPO Data In Bits 07, P ' Data
ata In 9 PG . ¢ Port Data Bus In x DBI n L
i - 1 p Status
System Bus In Bits 815 : v s 1 P SR

PC = Parity Check
PG = Parity Generate
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1/0 Load (Detail)

. . 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 C d to Attach ) .
CPU | Channel | Attachment
I | Send Data Byte to Attachment
Function
! Field | cPU I Channel i Attachment
. ) . ' Decode I l I
10 11| Modifier | Function |H2|Reg 2 ) ) l
| | Data - ympxpo
0|3 4 7 8 ‘ 11 12 13 15 S ‘ Buffer |
= | ystem Bus
/ \ B
us Out Out
_() (L ! + LSRs
WRO tow | i |
Device | zys"’"‘ h | | I
0000 I
‘| Address | s |
— | out || | Select | |
1
' t I TSelect LSR | I
| T | | Setect_High or | |
: | ' ] Low Byte | '
N 101 1| Modifier | Function |H2| Reg 2
7 | SDR I I
L]
CP System Control Card A-A1G2
. . D11 +ALU FuncBit0
+Storage BusBit0  J11.| g —————__—_:q—'— [ . ALU 4 D10 i
1oeo7 | I Function ) 2
2 n3 MOR : Bits o9 3
3 P9
a 61 T1T2 — 2 [MO6 - Clocked MOR P Check
5 G13 " I D05 + Sense/Load MSP Registers
1
6 Mo4 1 1
7 .mMo03 L |512  +T3and Phase A
BitPHi GO09 ]
+Storage Bus Bit8  G12 - —»|B04 +T4Thew TG
1: r;gtzs | T L' g0z +77pwrd
> i . 1
n o n2) g e Times Lo . S09  +Phase A .
12 mo2 [ S— 803+ Stg Gt Hi Bit O Fixed
13 Po4 Stg : 5 |Ut0 +ResetSOR Hi
14 POS Gate D09+ Stg Gate Hi Sel Bit 1
15 . MO5 y
. Bits BO7 +Stg Gate Lo Bi1 0 i}
+Storage Bus Bit LoP GOz | B05 +Stg Gate Lo Bit 1 2 ] [ 4]
+100 ns Osc Pwed 406 p——— 1_,1_—
1
+ Special Sys Rst  $13 |———8
~RunlatchOCD Mi1] 2 .
+ St Cycle Request P10 l..] T
orese r1 t ————»1B08 + Control Storage Access
+ Branch Cond Met  DO7 |— *>— Control 1
- Command Bus in Bit 4 Gated D04 |1 Storage —|813  + Single Cycle
+BPC Tor GO3 L'ﬁ Access 3 g?‘s) + ALU Gate Hi/Lo Sel?
_ CBU Bit 1 Cycle Steal Read 508 } : i ) 810 2
- CBI Bit O Cycle Steal incr  S06 |- ALU 3 809 +Write Stg Hi
+ Mode Selector Sw Bit 1 J04 | 3 . | Gate D02+ Write Stg Lo
. 2 402 Hi/Lo 1 D12 + 16 Bit ALU Operation
3 J5h > Write - —»|M07 +1/0 Instruction
- Control Storage Sw D06 | T > Swg ]
3 M10 - Storage Function
U09 - Select Storage Gate Data
Carry in . |81 +cCarryin
Clock —{U07 + Clock SAR and X Reg
1 SAR —
+Carry Log PCR Bitd  B12 |
3 D13 - Write LSR Lo
Clock €S GO6 - Write LSR Hi
Write LSR IBM - Clock ALU Gate Check Tgr
*— Hi/Lo
————-»11 = U11 - Clock Stg Gate Check Gated
1
— _l ———————>{S07 + TS Not Disolay Storage
k
. CIS(;; ) 2 GO4 + Status Card 2/1
+CSY TgrNew  Jo7 | 2 Gate - > lsoa + New LSR Addr Bit 4
- Advance Time from Channel M08 { P Check . UO6  + LSR Address Bit 0
INT/CS LSR Decode 0 S11{ 4 "t I 5 m13 1
1 s10 . - § P12 m 2
2 uis . - uos - 3
2 502 5
+ Address Switch 3-4 Bit2  M12 SR 3 G08 + Stotus Sel 0
+ Address Switch 3—4 Bit3 504 Adunass w04 - )
Status S08 2
+ MC Interrupt Lth U112 o
- New CSIPL Cycle P13 ‘ 4 Select 2 |cg;  # Statws Fnction ?
- CBI Bit 2 Cycle Steal Adr Sel0 P11 U
- CBI Bit 3 Cycle Steal Adr Sef 1 M09 . [:____#
CP Data Flow Card A-ATH2
1
Board Tiedown  U12} ‘I
+Storage Bus Bit LoP )12
+Storage Bus Bit 15 J11 | —= 9
14 G12 -
13 PO2 I
12 Mo3
1 6n v A4
10- G10
9 MO2 Parit §
8 Ja : SDR Hi 4 , SDR Lo 1y 106 . +SOR P Check
+Storage Bus Bit HiP  G13 .
+ Storage Bus Bit 7" GO9
6 ' P06
s M6 9 -
4 310 - . n 1
3 MO5 _ { Gos  + Stg Gate Hi Gen P Bit, Test Pin
2> ros : : 4]
;o ' ¥ | 12!
o Po5 A
+CSY TarNew 09— — Parity
1
+Resot SDRHi P07 f————— Stg Gt l . StgGt 2 1| D02 +StgGate P Check
~SysBusinBitP  BO8 Hi . Lo 1U11 +Stg Gate Low Gen P Bit, Test Pin
15 M0 —* ) .
:; 'S&f 2 [ 804  +Sys Bus Out Low P1
- P D04  + Sys Bus Out Low P2
1 -
10 Driver
2 - S | L W02 +Sys Bus Out Bit 8
X v uos - 9
B+ sw g0 Fixea [ 4 JRU
+ $tg Gt Hi Sel Bit 1 Y Hi Reg X Lo Reg Y Lo Reg 1;
+ Stg Gt Lo Bit 0 13
I.nStg Gt Lo Bit 1 14
Boardl Tieup : 1%
Board Tieup L ﬁ r
+7T3 and Phase A Carry i
+Clock SARand X Reg P11 |~ 1 .
+Special Sys Rst 107 |— 1 ALU Hi ALU Lo [10me
~ Select Stg Gate Data P12 |— 4‘ — —
+ALU Func 8it0  BO3
1 D10 1
2 oo 1 ~+{ 802 + Pty Predict Carry Out Hi, Test Pin

3 809 . - t 3 _ 1,
+Carry In so7J | ! L ””’ {005 +Datad

" Parity 1
+ALU Gate Hi/Lo Sel? g 3 ~»{S09 +ALU Error
All Ones Low — J
2 Go7 ALU Gt Hi ALU Gt Lo 2__|DI3 +ALU Zero
+16 Bit ALU Operation  GOZ | ! 02+ Carry or Ones

+LSR Address Bit0  U06 D12 +Sys Bus Out Bit 0
1 Uos I - 007 1
2 sos|_6 B12
. 3 P13 z B06 .
5 S06 : g [BO?7 .
+New LSR Addr Bit4  S03 B ! 505
1

T -Write LSRLo  §11 }
-Write LSR Hi B3 |—

NoOswN

B10- +Sys Bus Out Hi Bit P



~]2]

. -
Assemble ™
Address and Lé
FSL Command in Select 1/O Send Ci d and Modifit
Page Channe! to Attachment on CBO a'nd MPXPO Bus Out Send Data Byte to Attachment
-—
CPU Clock PCIT0 | T3 | T3A | T3 | T3E —4 T4 | T5 | Te | TeE 46— To | T 8
ns
. c -
BB 1/0 Instruction PC138 d { G ©
) 7
. L
Port Ciock PC526 Co0 co9 Cco3 co7 COF COE €06 S S co7 COF COE C06 Cc12 ci0 c18 Cc19 C13 c17 C1F C1E ci6 S S c17 CIF Cl1E c16 Cco2 o
SDR Low to Channel PC220
SDR High to Channel PC220
B WRO Low to Channel PC230 — o
B Device Address and Modifier PC506
MPXPO Bus Out ’J ,L
B Command to CBO PCB42 L l, "
{
Control Out Pwrd PC512 —,
BB strobe Pwrd PC512 — (4 (¢
7T
BB service In PC518 { 4
) ]
M select SR PC240
m Gate LSR Byte to Channel PC230
Data to MPXPO Bus Out PC506 - d
LA
B service Out Pwrd PC512” .
)T
m Advance Time PC518 —
System Bus Out | Command
Function Bits Bus Out Command Mnemonic
8 10 11 012 . Channet 1/0 Attachment Line Printer
0000 100 | 1/OLoad [o]8 AEUSE
01 00 101 /O Sense 10S o Brinter Control
0 1 01 001 Sense Interrupt Level Status Byte SILSB g cso ccB I
1 0 0O 110 1/Q Control Load 10OCL P g 5 stem
I .
1100 1 1 1 | 1/O Control Sense 10CS Command » Print
0 0 70 Cond 10 Register TN Controller
0 11 11 Jump on | ondition ¢
p Printer Wraps eyl 00| o) N
610 Base Cycle Steal Data o >
Check Status ‘sl Bus In | Print -
Printer Status ymmmmlgpy{ Assembly Data
N 2K-Byte Register
Switch Status # Storage
Storage Gate High “Fire Ti
Port Data ire Tier
; : ; 5 ]12] —p (1-5)
Bit 0 Bit 1 Register Gated Thru S Bus Out > Start Controller |
. ~ 7| Command
0 0 LSR High Decode Totntrou:r PL
- nterrupts
1 DR High and
9 S . g Control Strobe Iq N S _N
1 0 SBI Bits 8—15 Start Hammer Echo (, \_Hammer Echo Return
n - n )
1 1 X Reg High Bits 0—-3 1 { (- Hemmer Sample
SDR Bits 4—7 Hammer |
Stg Gate High Bit P Check =3
Cireuits
Storage Gate Low Printer
- - - Fire Tier (1-5) Control
Bit 0 Bit 1 Register Gated Thru Register
Strobe
0 0 LSR Low a , )
Control Out | el B
0 1 SDR Low m Service Qut Print Subscans
: s—- Ad
1 0 SBI Bits 8—15 Service In apter Impression CtI SS_ | Fire
. " " Iq [
1 1 Output Stg Gate High Multidevice Carriage Advance | Tier Y M
- —s ‘,—q Circuits
Home
Control Data Bus Out CDBO
—
. Instruction WRO Low L
. . System
. . Device 1/0 Dat.
l Op | Modifier | Function H2| Reg 2J. Address P°"B S‘gdr;ess bso Da(? ——
o - 34 78 11213 15 8 112 15 | Register
~—— — ~——
Sense
Port Data Bus In ' DB/ Data P
) G e— X Bus In <
Assembler ﬂ
a
SBO Bits 8-11
SBO Bits 8-11
8-11
SBO Bits 12-15
CP Port Card A-A1L2
-8.19ms Clock  §13 2
- Microinterrupt Request 4 BO2
 toerrupt Level S Rea 108 3 Function 3 _ {412 - Command Bus Out Bit 0
+SysBusOutBit8 U3 4 811 Decode 08 1
9 509 — | 504 2
10 U06
213 11 KA —
aaom: :
13 81
14 s08 ? F
15 S05
+Sys Bus Out Low P1 507 Port Register
'S
Data Buffer » evice
[E——
Not Used D13 “ 032 [o G Adaresss
+1/0 Instruction 405 — .} ] 0 811 Data MO2 - MBXPO Bus Out Bit 0
> Device | R | || | ____ Mod 1
+ System Reset D07 |—— Address/ o M
Data o 8 o | MO 3
5 CB! mMo7 4
+T7Pwrd  BOB | € Data i Mog .
3 M09 6
+ Multidevice Response  MO3 } - 4 R M10 7
>
_MPXPO Data In 0 U10 P02 - SysBus InBit8
: 1uos - sdaopy  Modifier! J - Cote poa 9
2 U d o > P05 10
3 s12 4 47p ata _ 8 | pos 1
4 s10 v v po9 2
I P10 13
: ‘dgi 7 Port Checks sy P11 14
7 uo2 2 Register P13 15
P s03
L L —| J07  + New Channel Check
- Command Busin 4 313 | 1 slm12 - Control Out Pwrd
- Command Bus In5  G11 } * i 1 BO7 +BPC Tgr
1 ; .
B service 1n - 809 | ) Cyele J - { G04 - Command Bus In Bit 4 Gated
9 Steal D11 Disk Strobe
- CBI Bit 1 Cycle Steal Read  $02 |- —— 5 I GO3  + Storage Cycle Request
5 G12 - Xfer Error Gated or J10 Echo
- CBI Bit 2 Cycle Steal Adr Set 0 D12 | | Port ‘ M11 - Service Out Pwrd (B}
Control M13 - Strobe Pwrd
- Disk/Dskt (Load) BC Req  J11 }—___1 Port Status
~ Disk/Dskt Biock Processor Clock 104 -t 2 3 G039 Advance Time from Channel
ock 10 9 Port Clocks PO7 - Sys Bus In Bit P
- Base Cycle Steal Request  G13 > .
MC (ntereupt Ltk B13 | 2 P12 - MPXPO Bus Out Bit
Control
+Phase A D09 5
+CSY Tor to Channel ~ GO7 811 - INT/CS LSR Decode 0
- POR or Reset Key G10 } i 3 G08 N |
- Micromnterrupt Request 1 B04 . Clock B12 2
BO3 Decodes D10+ Interrupt Req to Run Lth
3 o002 5 4 004 - Proc Interrupt 1
- System Uit Lamp Test D06 D05
+ Enable Interrupt  G02 10 805 a
- Run Latch OCD  JO9 Interrupts
+T3and Phase A BO8 2 ! 810  Disk Burst Mode Gated
- Board Twdown 3 402 >
Not Used  GOS '———L_- } 1 »| GO6  Not Used
Not Used  J10 - I



o 1/0 Sense or 1/0 Control Sense (10S, 10CS)
s}

101 1 |Modifier | Function [H2| Reg 2
.0 34 78 11 1213 15

This part of the 1/0 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 |/0

attachment on the ‘command bus out’ lines.

- Bits 8-11 = 0100 for 10S

Bits 8-11 = 1100 for IOCS

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 cuirent 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 IOS'
FSL T0 T T2 T3 | T3A | T3B | T3E T4 T5 Té
Page C07 | COF | COE | CO6 | C12 C13 | C17 | C1F | C1E | C16 | CO02
1/0O Instruction - PC13$ V
Stg Gate Hi/Lo fron;a SDR (instr) PC230
Strobe SDR Lo bata (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 A PC526 -
Data Buffer from SBO (address) PC502 -
Control Out Pwrd (from channel) PC510
Service In (from 1/0) PC502 ---
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 1/0
Advance Time from Channel PC518 - A J
Strobe Pwrd PC510
Data Gated to Data Buffer E—
Data Gated to MPXPO Bus Out ’

1 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

Select 1/0 Attachment; Send ]
FSL Assemble Address and Command and Modifier to E
Page Command in Channel Attachment on CBO and MPXPO Receive Data Byte from Attachment [
Bus Out i =)
o ©
el 2l e 76 | ——m — J—
Control Procsssor T-Times pciio | 10 | |2 |T3 ITsel-—’—————- _i' l" | s I Té l I To l""
Phase A PC110 mrwu—drmfuﬁ%—mm
1/0 Instruction ‘ PC138 |f—mov— I ; I [,
Advance Time PC518 - : I — \ 1
Sys Bus Out Valid PC230 | —  FSDRISDR|LSA ! ______________ ==
Low ' High 1 '
Port Clock C-Times PC526 | C00 COO COO COO CO9 CO3(CO7 COF COE CO6 CO7 COF COE| COB C12 C10 C18 C19 C13 C17 CIF CIE C16 C17 CIF CIE C16 CO2 CO0 COO. COO COO
MPXPO Bus Out Valid PC506 :—Dw “Addr and CBO HL
Control Out Pwrd PC510 —% S———=—|
Strobe Pwrd PC510™ : I_LS&__WF . L_S!j__n iNoto2)
Service In . PC518 |! i : - 1
Service Out Pwrd PC510 |I ] r L
Strobe SDR Low Data PC526 rs : f!
Strobe SDR High Data PC526 I | :
Strobe LSR Data (WROL) PC526 n} }
CBO 0 PCB42 ; —t
|
CBO 1 Valid PCs42 | ; Ofor 110 Stg or 1/0 tmmed Sense; 1 for 1/0 Immed Control Sense -
CBO 2 Pcsa2 | 0 . I : .
CBI Valid (Bit 4) PC502 4! — ; \
MPXPO Data In Valid PC502 : — f .
Load Data Buffer PC542 I_L_I'_IL ! L
Mod DA | I
Gate Data Buffer to MPXPO PC506 |4- *!—
Bus Out/Sys Bus In | |
Sys Bus In Valid PC506 } } M Data to LSR or Stg eSS —
Write LSR (if applicable) PC160 2 : L
Storage Cycle (if applicable) PCO12 i ! B e
Clock Port Register PC506 : M-Mf:;n‘odmen ‘[|I_1
DB1/CBI Not Zero Check PC502 ! % I
Notes: I |
1. First strobe to be used for normal sense I |
operations. | |
2. Fourth strobe to be used for normal
sense operations.
FSL Assemble Address and Receive Data Byte from Attachment
1/0 Control Sense Instruction Page Command in Channel
200 ns |
— l 1
Control Processor T-Times PC110 To|mM | T2 I T3 l T3E l_ : I T4 I TS5 | T6 | To | ete
Phase A PC110 !
|
/0O Instruction PC138 [ ;f 1
Advance Time PC518 L —1
|
Sys Bus Out Valid PC230 | rsoR som ISR 1
Low | High ! | ’
Port Clock C-Times ’ PC526 | CO0 CO0 CO0 COO CO9 CO03] CO7 COF COE CO6.CO0 CO0 COO COO
MPXPO Bus Qut Valid PC506 T 1
I
Control Out Pwrd PC510 i
Strobe Pwrd PC510 :
Service In PC518 |
|
Service Out Pwrd PC510 I
Strobe SDR Low Data PC526 ml !
Strobe SDR High Data PC526 L I
Strobe LSR Data (WROL) PC526 aml
|
CBO 0 (don't care) PC542 i
I
CBO 1 Valid (don't care) PC542 0 for Chan Sente . —
|
CBO 2 (don't care) PC542 r T -
|
Gate Port Reg to Sys Bus In PC506 J | 1
(if applicable) I
Gate Port Chks Reg to Sys Bus In |
(if applicable) PC506 4l -
~ Write LSR (if applicable) PC160 : o
‘Storage cycle (if applicable) PC012 :  E— |
I




1/0 Sense (Big Picture)

<
o~
|
o Assemble Select 1/0 Attachment; Send
Address and Command and Modifier to
Command in Attachment on CBO and
Channel MPXPO Bus Out
Select Attachment Receive Data Byte from Attachment
CPU —r Channel | Attachment CPU f Channel Attachment
| Function | I
Field '
High SDR Low | Decode ‘ Data
i I I Buffer
- ]
101 1] Modifier | Function { H2| Reg 2 , E System ]
0 34 7 8 11 12 1315 | Bus In £ |
l LSRs ﬁ
Il L P T I |
- B" System ; J | '
| Bus Out | I . Select |
o ! Ir MPXPO seloct Lon I
elect
AY Bus Out Select High or
; I ~—-" s | Polect Hiah | {
w5 | I 7777777
Device ‘OplModifiersFunction| H2 [ Reg 2 ‘
Address | 0000 | Data ] - D 7 9 I
. y. A
WRO Low | Buffer | SDR 1
Assemble
Address and
FSL Command in Select 1/O A h Send C and Modifit
Page Channel to Attachment on CBO and MPXPO Bus Out Receive Data Byte from Attachment
CPU Clock PC110 | T3 | T3A | T3B | T3E {6 T4 | T5 | T6 | TeE —4§ T0
200 ns
1/0 Instruction PC138 - § d &
Port Clock Pcs26 | coo | coe | co3 | co7 | coF | coe | cos {§coz | coF | coE | cos | c12 | cio | c18 | c1o | c13 | c17 | ciF | ciE | e16§§c17 | ciF | ciE | ci6 | coz
SDR Low to Channel PC220 | smem
B SDR High to Channel PC220 —
I8 WRG Low to Channel PC230
Device Address and Modifier PC506
MPXPO Bus Out d §
B command to cBO PC542 -,
Control Out Pwrd PC512 -, §
B strobe Pwrd PC512 64 N
Bl service In PC518 . o
Select LSR PC240
Write LSR PC160
Data to Port SBI PC506 —
Data to MPXPO Data In PC100 == Z|l========|z==
[ Service Out Pwrd PC512 d
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 Processor (MSP) Control Processoe (CP) o
Sys Bus Out Low Fiom CP To MSP
7‘[ Main. Slmiw_lv S MSP ‘? MSP Control Gate
wsi0180 ol o {or |___Tocr, J FromMsPorGae proctsing Unit
- R
Addess (CS 110-112) 15 15 oR 15| 15
s ] (=] B2 Asez o0 ?\ —
_X 8l Conver St 85 ” S Bus Ot Low
7| v
ereen ¢|
A-AIN2 Storage |
T [ S ] o L : -
t . s Bus Out Hih FromcP Gt
Ir Cow By "‘E] o
(5\ MS.AR SAR
: - o °
L A-ATF2] ﬁ %E A-A1 Board
_E i | is
Y _| o I 7 0 7 8 /15 8 I-I il

Event ind Display
PCR High
Byte
oot
oR

Svs Bus Out High

" suts

o1 1Gate
Adar Swi182

A-A192 (PC300-393)

Decimat Adar Sw38 4
Correct P
. Staws

[ee] ToGem 7]
3 —— ",

Main Storage Gate A .
e
P M Gote MS Gate Inc PP Paity Predict SrBusin
[ G - Parity Generate <=
PC.- Parity Check g
oR
w5 Gate Out

A-AIP2 (PM300-499) A-A1Q02 (PM700-899} A-AIK2 {PC400-499) A-A1G2 (PCI00-199} A-ATH2 (PC200299) AAN2

“Dats fiow bus lines may not pass through FRUSs 25 shown
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=
Start System Bus Out { Command . g
Function Bits Bus Out Command Mnemonic 3+
8 9 10 11 012 5
0 00O 100 1/0 Load 0L
I fetch E:tablisl;\ — 0 1 0 0 101 1/0 Sense 10S
- channel/device :
| fotch and control n 0 1t 0 1 001 Sense Interrupt Level Status Byte SILSB
operation ‘ processor 1 0 0 0 110 1/0 Control Load -+ 10CL
communication | [l T 7 0 0 | 1 1 1 | 1/0Control Semse 10CS
00 1 1 011 Jump on 1/O Condition Jio
: 010 Base Cycle Steal

Bits 10, Operation

n=10 MPS and MPLF complete
commands
| : Perform control Perform control m
LSR WRO low (bits
Select LSR WRO N processor load processor sense Select LSR per
————- 8-11) contain the " - N
low device addre: per bits 4-7 per bits 4-7 bits 13-15
l and 1215 and 12-15
G h ! The channel clock . See table
ate ¢ anrl\: is used to assembie
its the device address End
from SDR low to :
and the command
channel .
in the channei.
Note: No communication takes place

L between the control processor and the
channel/attachment

Gate modifier
bits from SDR
high to channel

No
Gate device i Transfer low Transfer high Store data from Store data from
nl byte from byte from attachment attachment
address from J
WRO low LSR to = selected LSR selected LSR through port through port
channel through port to through port to into low byte into high byte
attachment . attachment of selected LSR m of selected LSR
1. Select the attachment .
2. Send command and the . . Complete
modifier to the E channel . m
attachment on CBO and| ) ¢communication
MPXPO bus out
Diskette Attachment Diskette
Port0 Seck
8-11
Jump on 1/0 Condition, 8, .
1/0 Immediate N N :-:::;:n Command Bus Out 0—2 R Command Bus Qut Seek Ready
YT T — » e —— Track .
Base Cycle Steal i rac Access Lines Controls Index SS
Oy — —— Port Register L Register [— X oS L0t .
170 - "
Channel mman
Data Buffer Controls Decode
Sys Bus Out " 0
Bits 8—15, P1 Device 7 Y
Address/  jumm 4 MPXPO Bus Out Bits 0—7 ! .
Data DBO Write e Write .
@ 3 — g _ w P Butfer Py Serializer » Data Write Data
4 T T s =P Gate Register, Buffer 1 Trigger
Modifier/ I — -
Data 4 J
110 4 ] -
I - Service In Service In
- I s
Command Bus in_0-8§ e — " Command Bus In 0-5 ¢ | Command Bus In Bit 4 Jump on 1/0 Condition
B —
- VY Test
Port - -« s Condition "
) Checks jmamg I True Test Condition
CBI Bit 4 Register . !
- |
T L
L X I
Control Out_Pwrd Control Out Adapter 1
Cycle Steal " [r A Strobe Pwrd/Service Out Pwrd n Strobe | Controls
o s —
Nl Service Qut
| port ——
_ 6 —-I Control
Port Status
_ o N MPXPO Bus Out Bit P
)Y
Port Clock .
mmmml)y( Control -—l . _Sense
. Advance Time Clock 3 s ( ’ Sense Condition s
Decodes 4 ( [ Data
7 (f¢ P Bus In Sense
Interrupts YR Y Data Register [ X Assembler Read [ead
: T : P Rl e ata Read Data
i 13 a I
B . MPXPO Data In Bits 07, P . = B @B | pie . S e Pesi
_ System Bus In Bits 815 - . -1 L

< PG
PC = Parity Check iE’
PG = Parity Generate
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1/0 Sense {Detail)

Assemble Select 1/0 Attachment; Send
Address and Command and Modifier to
Command in | Attachment on CBO and
Channel MPXPO Bus Out
Select Attachment Receive Data Byte from Attachment
| T T
CPU I Channe [ Attachment CPU Channel | Attachment
| Function | |
Field | ] Dat |
: ata
High SDR Low | Decode | e |
i uffer
I ! @i MPXPO |
101 1] Modifier | Function | H2| Reg 2 ' ) | ﬂ m System l I
¢ 34 7 8 11 12 13151 - cso | &, Bus In |
-1 - LSRs
I % 2 B l Command
)N ; T % I | |
(414 | System | | l [ |
B | Bus Out | ! . B l Select I | l
| I MPXPO 10] | |
\ i p— Select LSR
4] X 7 Bus Out Select High or | |
~—-" | | Low Byte | |
8 11.12 15 I ] 7 / 7 / | '
Device ‘ ‘OpiModifiertFunction| H2 | Reg 2
Address | 0000 | “Data / 29 I |
WRO Low | Buffer | SDR | 1
CP System Control Card A-A1G2
+Storage Bus Bit0  J11 ———::'— D11 +ALU Func Bit0
1 P07 ] I c ALY 4 lbwo 1
y . unction g | 50 2
3 Po9 MOR Bits 109 3
T1/T2
; g:; —> S { 2 _|MO6 - Clocked MOR P Check .
6 MO04 1 7| D05+ Sense/Load MSP Registers
Bitp H7 zgj L ! {$12 + T3 and Phase A
WP Hi .
+ Storage Bus Bit8  G12 | BO4  «T4ThruT6
9 PO 7
10 Po2 T 1 +|B02 +T7Pwrd
1n ou2| g — Times | — 1
12 Moz Bl v ‘—ﬂ s09 + Phase A :
13 PO4 — Stg 803 + Stg Gt Hi Bit O Fixed
14  POS 5 U10 + Reset SDR Hi
Gate " "
15 MOS X D09 - + Stg Gate Hi Set Bit 1
+ Storage Bus Bit Lo P GO2 i Bits BO7 +Stg Gate Lo Bit0 n
! BO5 +StgGate Lo Bit 1
+100 ns Osc Pwrd ~ J06 |———
1
+ Special Sys Ast  $13 |————@
-Run LatchOCD  M11] 2
P
+ Storage Cycle Request 10 | , L’! ' ’
+ Branch Cond Met D07 | = Conwrol 1B08  + Control Storage Access
- Command Bus in Bit 4 Gated D04 |1 - Storage ! {813+ Single Cycle
+8PC Ter  GO3 p—t Access 3|GOS +ALU Gate HifLo Sel 0
- CBI Bit 1 Cycle Steal Read  SO8 } ! G10 1
1 B10 2
- CBI Bit 0 Cycle Steal Incr 506 |
) ) ) AtU 3 BO9  +Write Stg Hi
+ Mode Selector Sw Bit 1 J04 L 3 Gate D02 +Write Stg Lo
3 ﬁg B T LSl Hi/lo . D12+ 16 Bit ALU Operation
&—1  Write |
1 f * MO7  +1/0 1
- Control Storage Sw D06 | [ *1__St T 1 .
3 M10 - Storage Function
*~—] U09 - Select Storage Gate Data
c . I811  +Carryin
arry in 1
Clock {U07  + Clock SAR and X Reg
SAR —
+Carry Log PCR Bit4  B12 {# 7
3 D13 - Write LSR Lo
Clock CS leos - Write LSR Hi
W’}';e/tOSR BOS - Clock ALU Gate Check Tgr
! .
. ] - ; )
| U1 - Clock Stg Gate Check Gated
e 1
RS
1 . {507 + T5 Not Display Storage
Clock
] St 2 GO4  + Status Card 2/1
+CSY Tgr New Jo7 | 2 Gate S03  + New LSR Addr 8it 4
- [ - Acvance Time from Channet M08 | e
. *— U06 +'LSR Address Bit 0
INT/CS LSR Decode 0 11 | 5 s 5 m13 1
1 s10
2 O3 | P12 2
Ts w0z .
+ Address Switch 3-48it2  M12]_2
+ Address Switch 3-4 Bit3 S04 LSR 3 GOB  + Status Sel 0
Address uo4 1,
+ MC interrupt Lth  U12 - Status S05 2
~New CSIPL Cycle P13 | 4 Select 2 ,]G07 + Status Function 0
- CBI Bit 2 Cycle Steal Adr Set0 P11 uo2 1
- CBI Bit 3 Cycle Steal Adr Sel 1~ M09 (e
CP Data Flow Card A-AT1H2
1 o 1
Board Tiedown  U12} I
+ Storage Bus Bit LoP  J12
+ Storage Bus 8it 15 J11 — 9
14 G112 .
13 PO2 I
12 mo3
11 G1 ' v
10 G10 .
9 Mmo2 " Parity
8 3| SDR Hi SDR Lo o % {106+ SDR P Check
+ Storage Bus Bit Hi P G13
+ Storage Bus Bit 7 GO9
6 PO6
5  MO6 9
4 )0 ,
3  MO05 1GOS  + Stg Gate Hi Gen P Bit, Test Pin
2 Po4 ‘ J .
1 M04 -
A 4
o pos A A L 4 v
1 Parity
+CSY Tgr New  JO9 7 [
+Reset SOR Hi - PO7 p——— Stg Gt Stg Gt 2 J‘ D02  + Stg Gate P Check v
_SysBusin8itP 808 Hi Lo U1l + Stg Gate Low Gen P Bit, Test Pin
15 M10 >
4 M3 2 1B04  +Sys Bus Out Low P1
i3 mosl 9 P 004+ Sys Bus Out Low P2
12 MO07
17 M09 B
10 M Driver
g9 M2 | | UDZ +SysBusOutBit8
o L v , o "
B steGeHiBitoFixed  Go3|__ 2 8 |soa 1
+Stg Gt HiSel Bit 1 GO8 X Hi Reg Y Hi Reg X Lo Reg Y Lo Reg “ShpsS I
+StgGtLoBit0 DO 2 u1o 13
usw GtloBit1 D11 +5V 508 14
1 . s10 15
Board Tieup  $13 |
1 L
8oard Tieup V13 |-~ r ‘ ’
' +5V '
+T3and Phase A P10 | 1 Carry o
+Clock SAR and X Reg P11 i‘ ! ALU Hi ALU L m_‘_
1 (o} F-——
+ Special Sys Rst  J07 | 1 Lo Hi
Y f 7
- Select Stg Gate Data P12 |- 3 — — [11]
+ALU Func 8it0  B03 !A A 4
A D10 i 1
2 oo Driver {802  + Pty Predict Carry Out Hi, Test Pin
3 809 P 1 ,
1 1405 +Datad
+Carry In SO7 L A ’ VHV'
#ALU Gete HiLosel0 - G0a [ 3 Parity L risos 4 ALU Error
All Ones Low .
2 cor ALU Gt Hi ALU Gt Lo ——I 2 |o13 '+ ALU Zero
1
+16 Bit ALU Operation  GO2 | 402+ Carry or Ones
+LSR Address Bit0  U06 D12 +Sys Bus Qut Bit 0
1 uos Do7 1
m = 6 812 2
. 3 P13 806 3
5 . 506 9, |87 4
+ New LSR Addr Bit4  S03 > BOS 5
B11 &
-Write LSR Lo S11 L D05 7
- Wrie LSRHI 813} B10 +Sys Bus Out Hi Bit P




Assemble 5
Address and Lﬁ
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 6 T4 | T5 | Te | TeE {6 To | M [}
200 ns c
. S
10 Instruction PC138 ) d § &
K o
Port Clock Pcs26 | coo | co9 | co3 | co7 | coF | coE | cos§§co7 | coF | coe | cos | ci2 | cio | c18 | ci9 | c13 | c17 | ciF | c1E | c16(§c17 | ciF | cie | ci16 | co2 (&)
SDR Low to Channel PC220 | wesmmmn
SDR High to Channe! PC220 —
n WRO Low to Channel PC230
Device Address and Modifier ~ PC506
MPXPO Bus Out 4§
B command 10 cBO PC542
Control Out Pwrd PC512 —
Bl strobe Pwrd PC512 $4 (R
. { (
Bl service In PC518 [
Select LSR PC240
Write LSR PC160
Data to Port SBI PC506 .  §
Data to MPXPO Data In PC100 ===z
. g
[ service Out Pwrd PC512 ) Y
m Advance Time PC518 —
System Bus Out | Command
Function Bits Bus Out Command Mnemonic
8 9101 | 012
0000 100 | 1/OLoad 1oL
~—[{0100 1.0 1 | 1/OSense 108 | .
0 1 0 1 | 00 1 | Sense Interrupt Level Status Byte | _ SILSB Diskette Attachment Diskette
1000 1 1 0 | 1/O Control Load iocL
T 1 0 0 | 7.1 1 | 1/0 Control Sense 10CS Seek
00 11 0 1 1| Jump on 1/O Condition 410
0 1 0 | Base Cycle Steal
a Command Bus Out Seek Ready
Track Access Lines Controls Index SS
Register [ X
y
110
Channel Command
Controls Decode
Instruction WRO Low
ifi i Device | Port Addr a2
Medifi F H, ort ess
[ov [wowte [ rwciodid err] [ [P pa _
o 34 78 111213 15 8 112 15 P " DBO Write Je Write Write Dat
—— — . B it atatis 00 P Buffer e Serializer » Daa e Data
l Register Buffer T Trigger
o o g :
1 ]
n Service In 1 l
SBO Bits_8-11 d i
(|  Command Bus In Bit4 Jump on 10 Condition : :
2] $BO Bits 811 N Test )
Condition ) 1
8-11 Tree Test Condition 1 1
SBO Bits 12-15 1 1
I 1
I ]
Control Out Adapter { 1
3 _Swobe Controls : :
I __Service Out 1 1
I I
I 1
1 ]
- 1 1
Storage Gate High ' l
Bito | Bit1 Register Gated Thru Sense 1 1
1] 0 LSR High LY A
0 1 SDR High
1 0 SBI Bits 8-15 Sense Coni
1 1 X Reg High Bits 0-3 ﬁ
SDR Bits 4-7 Data Sense
Stg Gate High Bit P >l Bus In
) X vy ] Read
Storage Gate Low 13} Data Register [ Assembler Read | o fead Data
Bit 0 Bit 1 Register Gated Thru _ Port Data Bus In Bus In g::‘:er Il Deserializer]
0 ] LSR Low « X IRegister
0 1 SOR Low .
1 0 S81 Bits 8-15 PL
1 1 Output Stg Gate High :
CP Port Card A-A1L2
-8.19ms Clock  $13 | 2
- Microinterrupt Request 4 BO2 |
- Interrupt Level S Req  JOB 3 Function 3 ] 412 - Command Bus Out Bit O
+Sys Bus Out Bit8  U13 811 Decode P so6 a 1
9 s09 » c l S04 2
10 uoe .
1 uor —
12 vz _
1381
14 sos 11
15 s05 I
+Sys Bus Out Low P S07 Port Register
» o
Data Buffer evice
N 13—
ot Used D13 _i— 4 03 ) > Address/
+1/0 Instruction 05 | & 4 a 811 ! Data MO2 - MPXPO Bus Out Bit 0
» Device (R | || | __ _ _ Mo 1
+ System Reset D07 |— ‘ Address/ M0 2
Data 3 o | M06 3
T Pwid 806 | 5 o CBO/ | mMo7 4
wr f > Data M08 5
3___ M09 6
+ Multidevice Response M3 | 2 4 _ w0 ’
- MPXPO Data In0 U0 4 1215 gl P02 -SysBusinBi8
1 U0S = RN ifi Gate Poa 9
2 un B - Mt;illler/ e > e POS 10
3§12 4 4.7P e I 8 o POE n
4 s10 P > ] 12
I P10 13
Z 333 7 Port Checks pummy P11 1
7 w02 2 Register T P13 15
PS03
1 | J07 + New Channel Check
!
- Command Bus (n4 413 —— 1 sIM12 - Control Out Pwd
-~ Command Bus In 5 G11 | ¥ 6 l L if ! { BO7 +BPC Tar
1 : .
~Servicen 809 | ) Cycle l 2} GO4 - Command Bus In Bit 4 Gated
9 . Steat . D11 - Disk Strobe
- CBI Bit 1 Cycie Steal Read 02 |——— » GO3 + Storage Cvcle Request
5 R 1 G12 - Xier Ercor Gated or J10 Echo
- CBI Bit 2 Cycle Steal Adr Sel0 D12 |— _ ] Port . l M1t - Service Out Pwrd
Controt MI3 - Stobe Purd |y
— Disk/Dskt (Load) BC Req  J11 }—————1 Port Status
- )
- Disk/Dskt Block Processor Clock  joq ) i 2 3 | 609 Advance Time from Channel
s ] o | Port Clock PO7 -SysBusInBitP
- Base Cycle Steal Request  G13 > P12 - MPXPO Bus Out Bit P
+MC Interrupt Lth ~ B13 [ 2 Control - us Out Bit
+Phase A D09 5
+CSY Tor to Channel ~ GO7 - B11 - INT/CS LSR Decode 0
- POR or Reset Key G10 |— ) i - 3 GO8 . 1
- Microinterrupt Request 1 804 Clock B12 2
2 803 Decodes D10+ Interrupt Req to Run Lth
3 D02 5 4 D04 - Proc Interrupt 1
- System Unit Lamp Test D06 005 2
+ Enable Interrupt  GO2 10 805 4
- Run Latch OCD  Jog Interrupts
+T3and Phase A BOS 2 1 B10 - Disk Burst Mode Gated
- Board Tiedown 3 J02
Not Used  GOS — I | - 1 GO6  Not Used
Not Used  J10 -
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Sense Interrupt Level Status Byte (SILSB)

1011 Modifier | Function | H2 | Reg 2

0o 3 4 7 8 11 12 13 15

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.

Modifier (Bits 4-7): The modifier bits are
specified for each 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
along with the operation code as a sense
interrupt level status byte command. This
command is then sent to the 1/0 attachment
on the ‘command bus out’ lines.

Bits 8-11 = 0101
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 stores the byte of status
information (containing the device that caused
the interrupt level) received from the 1/0
attachment.

WRO Low (Bits 8-11): Contains the interrupt
level hexadecimal value used by the 1/0
attachment to select the byte of status
information to be stored in the selected local
storage register.

Sense Interrupt Level Status Byte (Big Picture)

Main Storage Processor (MSP)

1/0 Sense Interrupt Level Status Byte

i-fetch

|-fetch operation

|

System Bus Out
Function Bits

8

9

Command
Bus Out
10 11 0 2

Command

Mnemonic

0

1/0 Load

1oL

1/0 Sense

108

Sense Interrupt Level Status Byte

SILSB

1/0 Controi Load

10CL

/0 Control Sense

10CS

]
0
0
1
1
0

0
1
1
0
1
0

=|0|O|Q|O|O

0
1
0
0
1

Jump on /0 Condition

JIO

Select LSR
WRO low — —

LSR WRO low

interrupt level).

(bits 8-11 contain

1

Gate channel 2
command bits from —
SDR fow to channel

Channel clock is
used to assemble

interrupt level and
command in channel.

!

Gate modifier bits
from SDR high e
to channel

|

Gate interrupt
level from WRO low -
LSR to channel

1

Send command and
madifier to all
attachments on CBO
and MPXPO bus out

l

olo|-|=|o|-=|=
afalalajo|lojo] =
ol=|=|o|al=lo

Base Cycle Steal

Select LSR per
bits 13-15

Establish channel/
device and control
processor
communication

“ through port to

From attachment

control processor.

Store interrupt
level status byte
into LSR low

Store interrupt
tevel status byte
into LSR high

Operation
complete

]

Complete channel
communications

End

Control Processor (CP)

Port/
Channel

Svs Bus Out Low

Feom cP

To MSP

7% 7

S Storage Bus

o’] Main Storage Io

MSP Control Gate

{MS110-180)

A-AIR2, 82, T2, U2

s
G
(PM000-299) E

A-AINZ

Sratus

Status
Byte2

Status Gate

Svs Bus Out High

TocP

From MSP CP Gate

MS Control Starage Bus

From CP

Contral
Storage Bus

(€S 110-192} 15
A-AIE2Z, D4
8| contor
21| stoase
o
ToMsP

B

Storage!
8us

CP WS Gate

MS Gate Int

MS Contro

WS Gate Out

A-A1P2 (PM300-499)

A-A102 (PM700-899)

10.CP Bus

L.__.l
T

A-A1 Board

Sys Bus Out Low

Sys Bus Out Low

1L

:\% vch

$vs Bus Out Hun

—"-————"

o1
Addr Sw 182

A-A1J2 (PC300-399)

Adde Sw38& 4

e
s

Status
10 Clocks

e

LEGEND.
PP . Parity Pibdict

G - Panty Generate
PC - Panty Check

A-ATK2 (PC400-499)

[C

SvsBus In

A-A1G2 (PC100-199)

A-ATH2 {PC200-299)

AAIL2

“Dats flow bus lines may not pass through FRUS as shown
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€
Select Attachment c
@©
cPU [ Channel l Attachment -
| _ | (3)
I Function I
l Field I
I Decode I Interrupt
. Default | Bit0 Bit 1 Bit 2 Bit3 Bit4 Bit5 Bit 6 Bit7
High  SDR Low | , B Level ‘ .
I . CBO Bits 0-2 0001 33FD/53FD Disk 2 glsk 1
s N : * I Data Data ata
1011 | Modifier | Function {|H2 | Reg 2 I Commandl
’ Fixed
034 78 11121315 | | o010 Interrupt Comm
. - 001 |12 Line 1
- I | Timer
/ \,
o, — 1 v | 0011
| System E l L3
| Bus Out : MPXPO | 0100 33FD/3FD| Unit Work | oo Disk2 | Disk 1
1 a Bus Out L4 Seek Record | Station 1 Seek Seek
1 I
N —+ | 0101 MSP
~_—7 I L5
T 12 15 I I Port Data r |
8 1 I
| Bus Out Send Status Byte to Channel
Interrupt { Port Address .
Level Data | Bits 0—3
0000 l Buffer I
WRO Low | 1
Receive Status Byte from Attachment
I i
CPU = Channel l Attachment
I Data !
I Buffer l
System | MPXPO |
Bus In Data In ). ) J J
LSRs i# i —
Select I l
| |
Select LSR l I
Select High or I
Low Byte | |
A A~ A | |
Op | Modifier | Function] H2| Reg 2 | |
/ L
SDR | l
1 1
Assemble
Address and
FSL Command in Select 1/O 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 —4 ¢ T4 | T5 | T6 | TeE 4~ T | T
200 ns .
1/0 Instruction PC138 41, 1,7 (1 ‘f
Port Clock PC526 Coo Cco9 co3 co7 COF COE Cco6 S S co7 COF COE Co6 Cci2 c10 ci8 c19 c13 Cct17 CIF C1E C16 S S ci17 C1F CI1E Ci6 co2
SDR Low to Channel PC220 | s
SDR High to Channel PC220 —
BB WRO Low to Channel PC230
Device Address and Modifier ~ PC506
MPXPO Bus Out ‘ ', ‘,
B command to CBO PC542 d)
Control Out Pwrd PCE12 d §
Bl strobe Pwrd . PC512 {5 §
. { {
n Service In PC518 ) 7
) setect LsR PC240
Write LSR PC160
{
Data to Port SBI PC506 0y
Data to MPXPQ Data In PC100
Service Out Pwrd PC512 (1 l/
Advance Time PC518
Port0
e Work Station Attachment
Jump on $/0 Conditior
1/0 Immediate - S—‘i Function Command Bus Qut 02 Command Bus Out ) [ |
___—S ——————( ——e———
Base Cycle Steal — fmae Port Register - Strobe (5e::] > Attachment Status - —d
1] Control Qut Command w . DBI Bu wg~
Device Service Qut Decode M= DBI g7
| S:::ess, System Reset > PCR_____ | Status oR h
3 Adapter
e Bus Data Buffer | ™ — — = 8 ve— Cirouits convoter | cpgo L
ys Bus Out Cl ] o
15 Pl act1 geme S:::mand/ - | CDEO jmme
03 g | Address/ fmma 7 | MPxPO Bus Our Bits0-7 ~Serviceln |
Data b'; ~ 8 E Multidevice Response | O&O
12 %_ JER -] e — DoraBusOut L N T %r—
! S todiier/ I - l —
P sata o 1 . Level 4 Interrupt Request —‘s [ wp pcn iy
Inrueon S~ [ X sovie o _Base Oycle Stal Request ¢
f ¢ (] (_sewi
I ‘L I B ! ke o DBO
Command Bus In 05 = Command Bus In 0-5
< W - = F SERDES )
P T B
(;:Cks . _.J‘ l Controlter “ :z SERDES oR
CBI Bit 4 Register Command P 5 7-14 e
Decods
- Control OQut_Pwrd SERDES P 6 6 SERDES
Cycle Steal R ) Strobe Pwrd/Service Out Pwrd o Control | gnife LI 4-8,15
— Rl - 4 Serial In .
A s | Port v @ SERDES Stat
—_—6 —'I Control us
T Port S B
II —_L__ 1 Suats n MPXPO Bus Out Bit P cBI csl
| 8it5 Bit4 Receive cBI/
Binary | Coble S
X Port Clock Data Address -
mudp{ Control J Register
81 0-5
I I Advance Time _l Gock 3 4—‘— Receive Data —
—S peelne
T Decodes 4 | W - . E I :] Driver/
7 4 85— Transmit Data Receiver
T ' Transmit Binary Data_| Demodulator ’
MPXPO Data In Bits 07, P
‘ 9 PG 13 T
System Bus in Bits 8-15 : . -1 et Bus I

PC = Parity Check
PG = Parity Generate




=)
b |
1)

Sense Interrupt Level Status Byte (Detail)

Select Attachment
cPy | Channet : Attachment
Function I
Field
Decode [ Interrupt
High  SDR Low ! 6 ] Level Default | Bit0 Bit1 Bit2 Bit3 Bit4 Bit5 Bit6 Bit7
CBO Bits 0-2 0001 See Note 1 62EH 62EH
1011 |Modifier | Function |H2 | Reg 2 Command, [N} Disk 2 Data [Disk 1 Data
| Fixed
034 78 11121315 [ 0010 Interru Data
001 |2 h Pt Comm
77N | Timer
- I 1 | 0011
L3
| System | | |
MPXPO 00 Uni Work
| Bus Out I | o1 nit forl . 62EH
| | n #Bus Out L4 SeeNote 2} pecord | Station 1 Printer 1 Disk 2 Seek | S Note 3
\— 0101
< | msP
~_” I ILs
Port Data |
8 11 12 15 | Bus Out
Interrupt | Port Address o | Send Status Byte to Channel
ata
Level 0000 Buffer }
WRO Low { 1
Receive Status Byte from Attachment
CPU Channel Attachment
Data l
Buffer I
System MPXPO
4 Busin ) Data In I
LSRs ¢ ¥ p—
{
Select m { I
Select LSR l |
Select High or | |
Low Byte Notes:
] | } 1. Diskette level 1 data.
0p [ Modifier | Function] 2| Reg 2 I 2. Diskette level 1 seek or diskette levet 2
| I seek or data.
SDR I I 3. 62EH disk 1 seek/62PC disk A and B seek
X ] ] or data.
CP System Control Card A-A1G2
+Storage Bus Bit0  J11 ———-_::!’__’ D11 +ALU Func Bit 0
1 P07 ] l . ALY o10 1
2 a3 MOR I Fungt-on 510 2
3 Po9 1 ] Bits 09 3
4 G1 T1/72
5 Gi3 — f [ﬂ ] = 2 |MO6 -Clocked MOR P;:heck
& Moa ) T1D05  + Sense/Load MSP Registers
7 Mo3 1
BitPHi  GO9 ——{ S12  +T3and Phase A
+ Storage Bus Bit 29; g;: 1 | 804 +T4ThruTé
10 Po2 T L 1802 +7T7Pwrd
n n2i g — Times ]
12 Moz ™ S09  +Phase A
13 Poa $ Stg BO3  +Stg Gt Hi Bit 0 Fixed
14 POS G 5 U10  +Reset SDR Hi
15 MO ;te D09 +Stg Gate Hi Sel Bit 1
N s
+ Storage Bus Bit Lo P GO2 1 ! BO7 +Stg Gate Lo Bit0
- BO5 +Stg Gate Lo Bit 1 n
+100 ns Osc Pwrd ~ J06 t——1— [—(
_+ Special SysRst  S13 |——<i
-RuntatchOCD Mi1| 2
+ Storage Cycle Request P10 [ l:F_—— .
+ Branch Cond Met D07 |—1 b~ Conwol 1808+ Cantrol Storage Access
. B i ntro 1
- Command Bus in Bit 4 Gated D04 | 1' Storage 1813+ Single Cycle
+BPCTar  GO3 b Access i 3 |GO5 +ALU Gate Hi/Lo Sel O
- CBI Bit 1 Cycle Steal Read  S08 } r G10 1
- CBI Bit O Cycle Steal Incr ~ S06 ,L-’ 810 2
. ALU 3 BO9  +Write Stg Hi
+ Mode Selector SwBii1 404 | 3 Gate D02 +Write Stg Lo
2 J2 ] Hi/Lo D12+ 16 Bit ALU Operation
3 %05 q Write 1
1 * |mo7 + 10
- Control Storage Sw D06 |— [ Stg I 1
3 M10 - Storage Function
o] U09 - Select Storage Gate Datar
. 1811 +Carry i
Carry in . arry in
Clock {UO7  + Clock SAR and X Reg
SAR
+Carry LogPCR Bit4  B12 ,Q '_]
L 3 D13 - Write LSR Lo
ﬁlgcklgz 'GOS ~ Write LSR Hi
’.'_:SLO BO5 - Clock ALU Gate Check Tgr
1
———————— | U1 - Clock Stg Gate Check Gated
— 1
vt} | S07 + T5 Not Display Storage
Clock <
2 B Stg 2 G04  + Status Card 2/1
+CSY Tgr New 407 | Gate $03  + New LSR Addr Bit4
- Advance Time from Channel M08 | Check
INT/CS LSR Decode 0 S11 | 5 ’—’[_. | :ﬁg + LSR Address 8it z‘)
1 s10 5
2 us . -9 — P12 2
[ uos 3
+ Address Switch 3-4Bit2  M12]_2 502 5
+ Address Switch 3-4 Bit 3 S04 LSR 3 GO8  + Status Sel 0
Address uo4 1
+MC Interrupt Lth U112 L Status S05 2
—~New CSIPL Cycle P13 | 4 Select 2 {GO7 + Status Function 0
- CBI Bit 2 Cycle Steal Adr Set0 P11 1uoz LA
- CBI Bit 3 Cycle Steal Adr Sel + M09 [:
CP Data Flow Card A-ATH2
1
Board Tiedown U12 }i
+ Storage BusBit LoP 12
+ Storage Bus Bit 15 11
14 G12
13 PO2
12 mo3
1 6n L 4 A 4
10 G10
9 Moz Parit:
8 N3 SDR Hi Y SDR Lo 1~—|'J06 + SDR P Check
+Storage Bus Bit Hi P G13
+ Storage BusBit 7 G09
6 POB
5  MO6 9
3 o "GO'SG Hi Gen P 8it, Test P
5  + St ate en 1, Test Pin
3 Mos — B 2 ] —] 9 i X i
2 Po4
1 Mo4 v L 4 ’
[ .
CSY Tgr N Jo9 ¢ Parity
+ or New —
+ Reset SDR Hi P07 r——‘— Stg Gt r Stg Gt 2 D02 +SigGate P Check
i 11 P Pi
~SysBusInBitP BOS Hi Lo 1u + Stg Gate Low Gen P Bit, Test Pin
15 M0 ™
14 M3 2 1B04 +SysBus Out Low P1
:g 333 9 P D04+ Sys Bus Out Low P2
11 Mo B
0 M I Driver
9 M2 I U02  + Sys Bus Out Bit 8
8 P09 * uoa 9
A v s02 10
B suGtHiBioFixed GO3 2 8 |con I
+ Stg Gt Hi Sel Bit 1 GO8 X Hi Reg Y Hi Reg X Lo Reg Y Lo Reg " w9 - n 12
+StgGt Lo Bit0 D06 2 u10 13
n StgGtLoBit1 DIt 5V s08 14
Y — s10 15
Board Tieup  $13 |-
Board Tieup IJI:;'l 9 v 1 r L ﬁ ﬁ
+T3andPhase A P10 | 1 . Carry
’ 1 LSR
+ Clock SAR and X Reg: P11 ——
X ALU Hi ALU Lo e
+Special SysRst J07 |— L
- Select Stg Gate Data P12 | ; .
+ALU FuncBit0  BO3 3 .
1 DIo .
2 oo Driver . 1 1802+ Pty Predict Carry Out Hi, Test Pin
3 809 1
|_J L 105 +Data4
+Carry In - $07 t" ' ] ,”’
+ALU Gate Hi/Lo Sel 0 G04 [ 3 Parity Iﬁ.' S09 +ALU Error
1 Go6 X All Ones Low
2 Go7 ALU Gt Hi ALU Gt Lo 2 _|DI3 +ALUZero
+16 Bit ALU Operation  GO2 |} ! 402+ Carry or Ones
+ LSR Address Bit0  UO6 l D12 +Sys Bus Out Bit 0
1 uos 007 1
m 2 s 812 2
3 P13 BO6 3
5 S06 9 (807 4
+ New LSR Addr Bit4  S03 gy E05 5
1 B11 6
~Write LSR Lo S11 .L DOS 7
-Write LSR Hi  B13 |- B10  +Sys Bus Out Hi Bit P
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~ N \
\ —
Assemble [-*]
N c
Address and . c
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 Rd
CPU Clock pci10 | T3 | T3A | T3B | T3E £ T4 | T5 | Te | TeE {5 To | T
200 ns .
BB /0 instruction PC138 —, . d,
Port Clock . PC526 Coo Cco9 co3 co7 COF COE Cco6 S S co7 COF CoE Co6 c12 cio0 cis Cc19 ci13 c17 C1F CI1E C16 S S c17 CtF ClE (1) co2
SDR Low to Channel PC220 | smm
SDR High to Channel PC220 —
I8 WRO Low to Channel PC230
Device Address and Modifier PC506 o
MPXPO Bus Out B
{ {
B command to CBO PCB42 (&
{
Control Out Pwrd PC512 ),
B strobe Pwrd PC12 {6 (-
. s
B service in PC518
Select LSR PC240
Write LSR PC160
Data to Port SBI PC506 {
Data to MPXPO Data In PC100 ===
1 service Out Pwrd PC512
Advance Time PC518 ——
Storage Gate High
Bit0 | Bit1 Rogister Gated Thru
[ LSR High
[ SDR High : Work Station Attachment
1 SBi Bits 815
7 X Reg High Bits 03 Command Bus Out
SDR Bits 4—7 - —
Stg Gate High Bit P - Strobe CCB Attachment Status I
Stovage Gate Low Control Qut command Controlier Status DBI Buffers
Bit0 | Bit1 Register Gated Thru . Service Out Decode I
o LSR Low System Reset > SR P Status oR
1 SDR Low - v
0 SBI Bits 8-15 Adapter .
- g
1 Output Stg Gate High reuits Controller | cppo .
. - | CDEO !
N I
p-Sviceln . I
Muitidevice Response CCBO >
[ LD iy TT ———isiy]
M ‘
-
. Level 4 Interrupt Request i )| pCR =P 2
P r— Base Cycle Steal Request j‘) %
Function Bits Bus Out Command Mnemonic
8 9 10M 12 080
. - DO
0000 [ 100 |1OLoad 1oL r
0 1 00 | 101 | /OSense 105 SERDES
—1 0 1 0 1 | 0 0 1 | Sense Interrupt Level Status Byte | _SILSB conl 5
+ 00 11 1/0 ] ntroller SERDES OR
[ 0_| 1/0 Control Load 10CL ‘ oo TN SERDES kg o
1100 7 1 1| 1/0 Control Sense 10CS Posin ’-’ ) 7 7 1
0 0 1 1 | 0 1 1 | Jumpon /O Condition 110 : @
0 1 0 | Base Cycle Steal - SERDES
: 6 & SERDES '
Control Shift J ngt 4 4 4-86,15
Serial In
- SERDESSts )
cBt cBl
Bit5 - Bit4 Receive cB/
Binary Cable SBI0S
instruction WRO Low Data Address
. . Device I Port Address Register
I Op l Modifier | Function lH2 [ Reg 2] ) Address 0000 CBI 0-5
1] 34 © 78 111213 - 15 8 112 15 Receive Data
—_———— ——
L, I
Transmit Data 1 Receiver
Transmit Binary Data Demodulator
a T
ana Bus In
SBO Bits 811
e B
SBO Bits 811
8-11
SBO Bits 12-15
CP Port Card A-A1L2
-8.19ms Clock  $13 I 2
- Microinterrupt Request 4  BO2 _I
~ Interrupt Level S Req 0B 3 Function 3|12 .- Command Bus Out Bit O
+Sys BusOutBit8  U13 A 811 Decode > soc ; 1
9 s09 =P d I s0a 2
10 Uoe
1 uo? —
12 U2 ;
13 +s11
14 so8 ? i
15 505
+Sys Bus Out Low P 507 Port Register
> oo
Jsed — Data Buffer evice
Not o13 * 4 0-3 | 0 —™ Address/
/0 jon 405 | x 3 i Data MOZ - MPXPO Bus Out Bit 0
Device . mo4 1
+System Reset D07 | Address/ MO5 2.
Data 8 o | MO06 3
| 5 2 CBO/ »| Mo7 4
+T7Pwrd  BO6 | = < MO8 5
3__ _ M09 6
4
+ Multidevice Response  MO03 | 2 4 _ mM10 7
v P02 -SysBusinBit8
-MPXPO Data In0  U10
4 12-15 " P04 ]
; t:?? nﬂ Modifier/ |l )| Cate P05 10
3 s12 Data 8 o P06 1
4 4-7,P, =S _p
s ‘ m— i :
: s 7 Port Checks M 1
7 uo2 2 Register j P13 15
P s03
. 1 —=| J07  + New Channel Check
| . .
—Command BusIn4  J13 } —— 1 _siM12 -Control OutPwid
- Command Bus In5 . G11 } [ R ) I L i |—1-ﬂao7 +BPC Tgr
1 ol .
B -sevice o 609 | ) Cyele l } G04 - Command Bus In Bit 4 Gated
9 Steal D1t - Disk Strobe
- CBI Bit 1 Cycle Steal Read 502 | P 5 GO3  + Storage Cycle Request
5 G12 - Xfer Error Gated or J10 Echo
- CBI Bit'2 Cycle Steal Adr Sel 0 D12 } ]  Port _'] M1 - Service Out Pwrd
Control M13 - Strobe Pwrd n
- Disk/Dskt {Load) BC Req  J11 }———1 Port Status -
—0— . 2 4
- Disk/Dskt Block Processor Clock o4 ) S 5 Port Clocks . 3 | Eg;z A;;asnacﬁs::n;i:r:m Channel
- Base Cycle Steal Request  G13 : = <D : N
+MC Interrupt Lth  B13 I 2 P12 - MPXPO Bus Out Bit
Control
+Phase A DO9 l . 5 )
+CSY Tar to Channel  GO7 3 B11 - INT/CS LSR Decode 0
-POR or Reset Key G10 | g _J Go8 1
~ Microinterrupt Request 1 804 o . “Clock 812 2
2 803 N Decodes D10+ Interrupt Req to Run Lth
3 D02 5 4 DO4 - Proc Interrupt 1
~ System Unit Lamp Test D06 Dos 2
+ Enable Interrupt  GOZ 10 B80S 4

- Run Latch OCD %09 - Interrupts )
+T3and Phase A BOS 2 810 - Disk Burst Mode Gated
- Board Tiedown 3 J02

NotUsed  GODS '_j_— } Tl 1 —»| GOG  Not Used

Not Used  J10 =




5-4

Control Processor Load' Function (MPLF) Control Processor Sense (MPS)

101 1| Modifier | Function | H2 | Reg 2 101 1| Modifier | Function | H2 | Reg 2

0 3 4 7 8 11 12 13 15 0 3 4 7 8 11 12 13 15
This function of the 1/0 immediate instruction This function of the I/O immediate instruction
does not go to the channel but remains in the , does not go to the channel but remains in the
control processor. It performs functions {(such control processor. A byte of data is moved to a
as loading registers), sets/resets conditions, - . local storage register to be used by the
and enables/disables conditions. ' : program. The byte contains one of the

following:

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

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.

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
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 stores the byte of data to be
used by the program.

Control Processor Sense (MSP)

4567 |Bitd Bit 1 Bit2 Bit 3 Bit4 Bit5 Bit 6 Bit7 ’
Control Processor Sense (Interrupt Status/Code)

The contents of 0011 Invalid
these bytes or Interrupt logout -
switches are status The interrupt code indicates which hardware
moved to an N
LSR. This 0100 | Stop Main Overlap | MSIPL | 110 Micro- interrupt level the control processor was
data can then Console key storage off device request step flag interrupt -
be used by the status address select mode check executing en when the error occurred that
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 follows: -
Data )
switches .
3and 4 :
In
0110 |819ms | 16.38ms | 32.77ms | 65.64 ms | 131.1ms | 262.1 ms | 5243 ms | 1s TerruPt Code
1/0 clocks (Blts 5'7)
low b
ow byte interrupt Le{el
?/01 |1 k1 32us 64 us 128 us 256 us 512 ps 1.02ms | 205ms {4.10ms (Hex)_ ’ Hardware Interrupt Level
clocks ) )
high byte
1001 Switch 1 | Switch 1 | Switch 1 | Switch 1 | Switch 2 | Switch 2 | Switch 2 | Switch 2 0 5 .
Address/ 8 4 2 1 8 4 2 1 1 4 /Base cycle steal
Data
switches 2 . Base cycle steal/Burst cycle steal
Tand 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 y
byte check check invalid SAR invalid excep- 3 1/Burst CYCIe.Stea'
addr/ | check | addr/ tion/ 7 0/Main level
SAR MSAR MSAR '
check check check
1011 Flag Plus Minus Zero Carry Highlog | Lowlog | Equal log B A
PCR oo 1/0 Sense (10S)

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)

4567 Bit0 Bit 1 Bit2 Bit 3 Bit4 Bit5
Sen§e Port. [0 0 0 O Data
Register
Sense Port {0 0 0 1 | MPXPO Invalid DBI 1/0 CBI/DBI | System Invalid
Error Byte bus out device’ P check time-out | not zero | bus out port

address check P check




I/0 Storage (WTCL, WTCH, V (Bit 12): Indicates the amount the address 9.
RDCL, RDCH, WTM, RDM) in the local storage register (specified by bits 0
13-15) should be increased or decreased. If V _
WTCL (1/0 load from control storage low) = 0, the address in the selected local storage 2
register is not changed. If V = 1, the address in <
WTCH (I/0 load from control storage high) the selected local storage register is decreased S
or increased by 1, as specified by the bit setting
RDCL (I/0 store to control storage low) of field D. ’
RDCH  (1/0 store to control storage high) 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

RDM  (I/0 store to main storage) in the specified local storage register may be
updated as specified by bit 11 (field D) and bit
12 (field V).

WTM (I/0 load from main storage)

0 10 0| Modifier [0|W|C|D|V|Reg2

0 34 78 910111213 15
Bits
489101112 Mnemonic Description
This instruction moves 1 byte of data between 001101 RDCL I/0 store to control storage,
either main storage or control storage and the 10110 1 RDCH increase register 2 by 1
1/0 attachment. ,
0011 11 RDCL I/0 store to control storage,
, 1011 11 RDCH decrease register 2 by 1
Modifier (Bits 4-7): Specifies the control field
for the 1/0 attachment. ’ 001100 RDCL I/0 store to control storage,
101100 RDCH no change to register 2
The field is moved to the attachment through
the port. Bit 4 of this field is used in the 0001 01 WTCL /0 load from control storage,
control processor to select the high- or 1001 01 WTCH increase register 2 by 1
low-order byte of control storage. When main
storage is being addressed, bit 4 is not used by 0001 11 WTCL 1/0 load from control storage,
the control processor. 1001 1 1 WTCH decrease register 2 by 1
000100 WTCL I/0 load from control storage,
Bit 8: Changes the operation code (bits 0-3). 100100 WTCH no change to register 2
Bit 8 is always a 0.
X010 01 RDM 1/0 store to main storage,
W (Bit 9): Identifies the direction the data is Increase register 2 by 1
to be moved. )
X010 11 RDM I/0 store to main storage,
W = 0: Read data from storage and move it decrease register 2 by 1
to the 1/0 attachment ’
X010 00 RDM 1/0 store to main storage,
W = 1: Write data to storage from the 1/0 no change to register 2
attachment
X000 0 1 WTM 1/0 load from main storage,

increase register 2 by 1
C (Bit 10): Selects main storage or control
storage X000 11 WTM 1/0 load from main storage,
decrease register 2 by 1.
C = 0: Main storage .
X00000 WTM 1/0 load from main storage,
C = 1: Control storage no change to register 2
Legend for Bit 4:

D (Bit 11): Indicates if the address in the local X: Not used

storage register (specified by bits 13-15) is to
be increased or decreased.

D = O: 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
. ' g
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. '
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1/0 Storage (Load—Big Picture)

Select Attachment

(Address, Modifier, and Command to Attachment)

CPU
WRO Low

Device
Address

0000

8 1112
S

15
2~

Va

/

Channel

Port Data

7

w v
o2g
~ v 94

@
3

—_——t — — ——

/
N

—_— e — L

Op |[Mod|0

—_—— | — ] e

[~}

I
Buffer I
I
I

Command

Bits 8-12

[
Decode |
|

Attachment

Send Data Byte to Attachment/Receive Data Byte from Attachment

CPU [

Main or
Control
Storage

Op
- 0100 |4

Reg

I
I
I
I
I
I
|

CPU Clock
n /O Instruction

Port Clock
SDR Low to Channel
SDR High to Channel

n WRO Low to Channel

B Device Address and Modifier

MPXPO Bus Qut
B Command to CBO
Control Qut Pwrd
u Strobe Pwrd
n Service In
[ select LSR
Storage Cycle
BB Data to Port SBI
Data to MPXPO Data in
m Service Out Pwrd

Advance Time

FSL
Page

PC110
PC138
PC526
PC220
PC220
PC230

PC506

PC542
PC512
PC512
PC518
PC240
PCO12
PC506
PC100
PC512

PC518

Assemble

Address and
Command in

Channel

Select 1/O Attachment; Send Command and Modifier
to Attachment on CBO and MPXPO Bus Out

Channel

Port Data
Buffer

MPXPO |
Bus Out

Attachment

Receive Data Byte from Attachment

T3 T3A
200 ns

T3E

(

T4 T6E

{(

T3B

)7
L (

IR

{

C00

Cco9

Co3 co7 COF

COE

17

cos § § co7

CoF

COE Co6 ci2 C10 Ci8 c19 C1F

NPSEN SN N S

-

97

ciE | ci6§c17

e

C1F

CiE C16 Cco2

T0

™

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 Storage Processor {MSP)

Control Processor (CP)

Port/
Channel

Svs Bus Out Low

From CP

To MsP

WS Storage Bus

MS110-180)

4 ’ 7
A-A1R2, 52, T2, U2

1

A-ATNZ

] s

|

MSP Control Gate

Gare

(PM000-299)

From MSP CP Gate

1

=

Processing Unit

MS Controt Storage Bus

From CP

o
(€s 1101920 15 5 15 I
A-ATE2,D4 =
s
e
Conicol g :
8 Storage Bus
o o

Svs Bus Out Low

” S5 Bus Out Low!

12bytes!

o o

To MsP

Displav

Cow By Y

L

Cave )
T o |

=

[

A

E T
-
18] I grereem

Gate B 1

Man Storage
Address
Compare

CP M5 Gate

Mare Storage
Address
Compare

™S Gate Int

MS Control to CP Bus

MS Gate Out

A-A1P2 (PM300-499)

A-A102 (PM700-899)

—

(PC000-
099}

A-ATF2) A-AT Board

R
L

=

Event tnd Ouspiay

Byie

Svs Bus Our Huah

Starus
1Gaw

—

ac
AddrSwi1g?

)

A-A1JZ (PC300-399)

L

Addr SwI& 4

e

Status Statws

2Gae

170 Clocks

Bl ..

LEGEND

PP - Paruty Predict

Svs Bus in

PG - Parity Generate

PC - Panty Check

A-ATK2 (PC400-499) A-A1GZ (PC100-199)

A-A1H2 (PC200-299)

AAIL2

“Data How ous lines may not pass through £RUs 25 shown




Read from storage,
write to 1/0

MSP clock !
stop
Yes

MPXPO Bus Out Bits 0—7
— 8
Gate

PC

Write to storage,
read from 1/O

MSP clock
stop

Yes

Clock

Ifetch
Load address into Load address into
Vereh Select LSR per MSAR, X high, Sglect LSR per m MSAR, X igh
etc! bits 13-15 o - bits 1315 . g
operation and X low and X low
Select LS WHO LSR WRO low (bits Yes
oo 8-11) contain the
device address.
1 No
Gate channel The channel clock
e channel is used to assemble Load address in Load address into
command bits " N N No No
rom SDR | the device address X high, X low, X high, X low,
rom SOR low and the command in and SAR and SAR
to channel the channel.
] ! Yes Yes
Gate modifier Yves Add 1 to Subtract 1 from Add 1to Subtract 1 from
bits from SDR selected LSR selected LSR selected LSR selected LSR
high to channe! address (reg 2) address (reg 2) address {reg 2} address (reg 2}
] No 7 Pt 1
Gate device
address from No No Address main Address main
WRO low LSR storage storage
10 channel
Yes Yes T I
1. Select the attachment Lood data b
03 i il
2. Send command and the Add 1 to Subtract 1 from —. mzla" vie Add 1 to Subtract 1 from Store byte from
modifier to the . B selected LSR selected LSR storage into SOR selected LSR selected LSR ana»:hmsm in
attachment on CBO and address (reg 2) address (reg 2) P 29] adaress (reg 2) address (reg 2) main storage
MPXPO bus aut
Establish
channel/device ddress control Send data byte Address control
and control storage thraugh port to storage
processor atntachment
communication - |
Send data byte
i from control Complete Store databyte Complete
Operation Bit4 Yes channel > ) channel
complete storage high attachment in contro attachment
on through port to o storage high "
communication communication
attachment
N ! T
Send data byte
from control Complete Store data byte Complete
channel > channel
storage low — in control S—
attachment attachment
through port to ‘cati storage low L
attachment munication
B Port 0
811
> Disk Attachment
Jump on 10 Condition, i, . B
. ) Functi
1/0 Immedi unction Co —
iate 1 [ mmand Bus Out 02 Command Bus Out
BescOydeSted (B¢ Commands }
Disk Strobe Vo Command
Channet P>
T7 Pwrd
) Controls Decode
a Cycle
Data Buffer Steal
Sys Bus Out [<] o Disk Burst Mode Gated l‘__—__s —Jds
Bits 815, P1 811, N +CSY Trigger a
) Device Sekgock O ||
! — Processor

13

CBI Bit 4
{

T

s |

Command Bus In 0-5

3

Command Bus In 05

Register

)
{

e ———————

Control Out Pwrd

Cycle Steal

Strobe Pwrd/Service Out Pwrd

L] Port |
e e

Ce

MPXPO Bus Out Bit P

Post Clock

! Control
Advance Time

a I MPXPO

Clock s —
Decodes | 4 _‘
Interrupts —‘

Data In Bits 07, P

_ System Bus In Bits 815

«

PC = Parity Check
PG = Parity Generate

%‘L

Data Bus Out S
amp sense 1/0 Sense | {1/0 Load
on 1/0 Interrupt Control ‘Controt
Condition|  |L¥e! Sense Load
cBiBira | [Status .
Byte /0 Storage] /O Storage] L '
Command l A
sl —
T 1 Data Buffer
Disk Burst Cycle Request e e . ‘T"‘r
A5 )Y
Diagnost SERDES Disk
Mode
l ‘ Write
Interrupt
Data @ Levet o
, Bus In Pa— Status Control
Data Bus In Aosembler ¢ o

5-45

Channel




5-46

1/O Storage (Load-Detail)

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

Send Data'lByte to Attachment/Receive Data Bytev from Attachment

CPU | . l
WRO Low Channel Attachment CcPU | Channel | Attachment
Device | Port Data | | Port Data .
evi |
Address| 0000 | Buffer Buffer
8 T 15 ! ' MPXPO |
B RN ¢ | MPXPC | Main or Bus Out
7 Control
[ \l Bus Out g MPXPO)
torage
| H 3] 9 @ Data In |
: System | | I i
I Bus | | | LSR | m |
.
4 Out || | I |
R I I |
N /| Command | |
~
— | .
| | | |
Op | Mod |0|W[C|D|V|Reg 2 Op [Mod|0|W|C|D|V! Reg
i | Decode l 0100 (4 2 I |
| Bits 8-12 l l |
CP and MSP Storage Cards A-A1D4, E2, R2, S2, T2, U2, R4, S4, T4, U4
+SARBIt1 BOY
2 J6 —_—
3 D05 SAR
4 G12 m Address Instruction WRO Low
s B13 -
& D06 op I Mied IOIWCIDIVI Reg{[ ) Device | Port Address
7 410 Address| 0000
§ w2 0 34 7 8910111213 15 8 112 15
10 13 . Yy T
v L
+CSY 1 GO 11 R4 A1 %1 BN 3R IR R All Storage Cards
+CSY 2 Go2 -
15 2RI NI NI 29 DR DL 2L BN Voltage refererices are: 3 o
[ 8 11,611
+8K Group Select D10 . A A I B A A A La | . ng on 30‘31 ?"‘3
+CSX 1 808 Setection | L R B N I l TR 5.0V on B0, G06 .
See Tables 2o ' ! i P GND on D08, J08 SBO Bits 811
Below 4 D02 8 9 01N 12 ‘ 120 14 115 P
A A A A A | A A A
i L’ | SBO Bits 8—11
] || TTTRIRLALCATIA R et P=Y
Write T Tel 14 mresmn SBO Bits 12-15
+ Card Select 802 | T4 -3 4 i‘ i‘i i#_‘__’M
+ [ : r - i o
+ Data Strobe  B04 | T f Y0 [] T I Ii 1_L_|_L L
I T
+Dataln 1 GO | 8o/ | [ 1 ] 1+ Data Out 1
2 Gio sA | | i | ; nz 2
3 Gos | ER L‘_l. L H i P 07
i @ BERANEEENER AN 109
5 GO3 T T + ' - a4 5| SeoTobis
6 Goa 3 Below
7 810 L 1 L L o » D12 7
8 B12 013 8
P BO7 D09 e
Bit Driver/Sense Amp
Card - A1E2 A1Da A1R2, T2, R4, T4 A1S2,U2.54, U4 “Card | + Card Select ATROt03
+ Card Select F2B11 | +CS Card Select 0-16K | F2B11 | + CS Card Select 0—16K . + MS Card Sutect 0 . + MS Card Select 0 A1R2,S2 | Q2U11 | +MS Card Select 0-32K 0000 Storage Gate High .
+ Read/Write F2 D05 | +CS Write Puise Hi F2DO06 |+ CS Write Pulse Lo Q2510 | + MS Write Pulse Lo Q7 S11 | + MSWrite Pulse Hy A1T2,U2 | Q2u12 +MS Card Select 32—64K 0001 Bit 0 Bit 1 Register Gated Thru
+ Data Strobe + Board Tieup + Board Tieup Q2503 | +MS Data Strobe Lo Q2504 | +MS Data Strobe Hi A1R4, S4 02U13 + MS Card Select 64—96K. 0010 0 0 LSR High
+ 8K Gioup Select | F2J02 | + 8K Group Select F2J02 | + 8K Group Select Q2 U09 | - MS 8K Group Select Lo | Q2 U09 | - MS 8K Group Select Lo AIT4, U4 | Q2513 + MS Card Select 96-128K | 0011 ? ; zgr‘;"ﬂg ™
its 8—
1 1 X Reg High Bits 0-3
Card — A1E2 A1D4 . A1R2,82, T2, U2, R4,54, T4, U4 Card A1E2 & A1D4 A1R2,82,T2,U2,R4,84,T4,U4 SOR Bits 4.77 "
Stg Gate High Bit P
+ Data Out ; 2; ;:)17 + Storage Bus Bit 0 22 G12 + Storage Bus Bit 8 N2 GO2 + MS Storage Bus Bit 8 +SAR Bt 1 F2 UQ7 +SARBit 6 Q2 $06 +MSAR Bit 6 Storage Gate Low
1 2 P06, 9 | n2Go3 9 2 | F2miz 7 [ e2s07 7
Bit 0 i i
3 | G213 2 | Gzro2 10| N2G04 10 3 | F2ut0 8 | P2806 8 4 B Register Gated Thru
2 | G2r08 3 | G212 31 | w2 dos n 4 | F2506 o | pz803 S g ‘1’ IS.;?R t"‘”
ow.
5 | G261 4 | c2moz 12| n2J07 12 5 | F2P13 10| pzBoz 10 7 ) 581 Bits 515
6 | 62613 5 | G2po4 13| nN2Gos 13 6 | F2mi3 11| PzBo7 11 [ [ Gutput Stg Gate High
7| G2mo04 6 | G2r05 14| N202 14 7 | F2r06 12| P2D07 12
8 | G2mo3 7_|_G2mos 15| N2Go9 15 8 | Faui2 13| P2D0s 13
P | c2609 PH | G2G0z Lop | N2306 P s | F2uis 14| P2808 14
“Dataln 1 | H2D12 | - System Bus Out 0 | H2uos | +systemBusOutlo 8 | P2102 +MS G OwBi___ 8 . 10 | F2mn 15 | P2009 15
2 | H2D07 1| H2u04 9 | p2.04 9 +CSX 1 F2B13 | +CSX1 Q2U04 | +MSCSX1
3 | H2B12 2 | H25s02 10 | P2G07 10 2 F2 808 2 92 U0 2
4 H2 BO& 3 H2 S04 1 P2 J07 1 3 F2 BO7 3 Q2 V06 3
5 | H28BO7 4 | H2u09 12| P2Go2 12 2 F2 B0 a Q2 V07 2
6 | H28B0S 5 | H2u10 13| P2G03 13 +CsY 1 F2011 +CsY 1 Q2508 | +MsCSY 1
7 | H2B11 6 | H2s08 14| P2G0a 14 2 F2 D07 2 Q2509 2
8 | H2D0s 7 | H2s10 15 | P2G06 15
P | H2B10 [ +System Bus Out Hi Bit P | H2DO4 | +SysBusOutlo - P2 | P2809 3
CP Data Flow Card A-ATH2
. 1
Board Tiedown  U12}
+ Storage Bus Bit Lo P 12 —L_
+Storage Bus Bit 16 J11 —_ 9
14 G612 .
13 P02 }
12 Mmo3 \
1mGn v
10 G610
. M P 1
2 Jlo:xz SDR Hi anty SDR Lo {106 - SDRP Chuck
+ Storage Bus Bit Hi P G13
+ Storage BusBit 7 GO09
6 PO
5 MO6 9 1
4 410 u +{ GO5 - S1g Gate Hi Gen P 8it. Tost Pin
3 mos 2
2 P04 ‘ } B -
1o moa LA ’
o POS ' ’ v
Parity
+CSY Tgr New  JO9 | 5 — J 2 . + P Che
i —_— Stg Gt Stg Gt _| D02+ Stg Gate P Check
+ Reset SDR Hi  PO7 F— Er [ Lo 1U11  +S1g Gate Low Gen P Bit, Test Pin
~SysBusInBit? BOS i :
15 M10
1 M3 - 2 1804« SysBus Out Low P
13 M08 9 P 004« Sys Bus Out Low P2
12 mo7 -
§ 11 M09 ] .
10 M I Driver
9 M12 ¥ U02 +Sys BusOQutBu 8
8 o9 * uoa )
) \ v e |3 10
+$19 Gt HI Bit 0 Fixed  GO3 R R | soa 11
3] +Stg Gt HiSel Bit1  GO8 X Hi Reg Y Hi Reg X Lo Reg Y Lo Reg D oo (4] 1
2 u1o 13
.an»sxg GtLoBit0 DOB 08 14
StgGtLoBit1 D11 IW_)JrS\/ $10 15
Board Tiewp  S13 {_.: .
Board Tieup U113 |-¢-
"L AN 5V v e
+T3andPhase A P10 |- 1 arey o
| 1
+Clock SAR and X Reg P11 |—— ; ALU Hi ALU Lo — le
+Special Sys Rst  J07 |— Lo Hi
1 — —
- Select Stg Gate Data P12 |
3 A A
+ALU Func Bit0 803 \
i D10 Driver - +{ B02  +Pty Predict Carry Out Hi, Test Pin
2 D09 1 r—— 1
3 sosl I »{ 05 +Datad
+Carry In 507 vy f, ‘”,‘ ' .
Parity L ’
+ ALU Gate Hi/Lo Sel O (304‘ 3 1509+ ALU Error
1 GO§ All Ones Low
2 Go7 ALU Gt Hi ALU Gt Lo 2 D13 +ALU Zero
1 . 202 +Carry or Ones
+ 16 Bit ALU Operation  G02 |
D12 +Sys Bus Out Bt 0
+ LSR Address Bit0 U0 I D07 1
1 U0s 6 B12 2
2 s05 06 3
3 P13 . 9 |eo7 4
5 S06 B! 505 5
+ New LSR Addr Bit4 503 Tl 6
~Write LSR Lo §11 |— 005 7
~Write LSR Hi B13 } 810 +Sys Bus Out Hi Bit P




5-47

Assemble
Address and
FSL Command in Select 1/0 Send C: and
Page Channel to Attachment on CBO and MPXPO Bus Out Receive Data Byte from Attachment —
-]
CPU Clock PCi10 | T3 | T3A | T38 | T3E {§ Ta | T5 | T6 | TeE {6 TO | T E
200 ns
(5]
1/0 Instruction PC138 —) ) . &
Port Clock PC526 C00 €09 €03 co7 COF COE Co6 S S co7 COF COE Co6 ci2 c10 ci8 c19 c13 ci17 C1F C1E C16 S s Ct7 C1F C1E C16 Co2
SDR Low to Channel PC220 | mummm
SDR High to Channel PC220 —
I8 WRO Low to Channel PC230
Device Address and Modifier ~ PC506 L
MPXPO Bus Out { 4
R
I— A
B command 10 CBO PC542 e
Control Out Pwrd PC512 —
H Strobe Pwid PC512 § 4 (1N
Bl service in PC518 d &
Select LSR PC240
Storage Cycle PCO12
{ (
Data to Port SBI PC506 o, § -
Data to MPXPO Data In PC100 —=—=—Z|= ——-====|=2
{ {
Service Out Pwrd PC512 »,
8 Advance Time PC518
CP Storage Control Card A-A1F2
-~ MSP Clocks Stopped 406 |1
- T MSP 1
. Run —|U05 - MSP Run indicator
+System Unit Lamp Test  U06 |— Indicator
+SysBusOut Hi Bit0  Mo7 ’ ;‘f - Display 580 B"g
2 o o |mo "
3 D13 8|| Dislay . LI ggx :;
4 803 580 3 13
5 B02| 9 R . > Bits G11 ﬂ 14
_s; ;:91 -p : G13 15
. 15 M02 3
P s13 R
. SAR UO7 +SARBIt6
- w2z 7
+SysBusOutLoBit8 P10 0 uto 8
9 M0 506 9
10 s02 10 |p13 0
"ol ol Parity P i3 "
12 U > P P06 12
13 P12 en 0 uiz 13
Address
14 S08 5 d ui3 14
15 510 an M11 15
Pt S11 15 3 SAR
Checking -
1 | 2 D10 - Ctl Stg Address Chk
16K Jumper = 0 and 1 Jumper 16K }— 1 D09 - CulStg SAR P Chk
Jumper pin
=] o 0 B11  + Card Select 0—16K CS
= o D I]l] oo e > 505 Not Used
— 5 B10 Not Used
GO02 Not Used
e Card 10 813 +CSX1
Select . B08 +CSX2
L S o
BO6 +CSX4
1 ™ D11 +CSY 1
Clock SAR and X Reg  §07 |—1 | -
* Clod °9 1 D07 +CSY2
Bit 2 o1
" + CSY Tgr New
:;‘55:;'0:;:;“:; gx IJ . 4 J13 +CSY Tar to Channel
A GO9  +Write MSP Register
+ Sense/Load MSP Registers D04 | ; (_:rsv 102 +8K Group Select
+ Control Storage Access  J07 f——— or .
- Storage Function  J05 |—1 Storage Cycle 1%0 ns ————'——»[ P04 +100 ns Osc Pwrd
- Check Run Swi Go6| 2 ¢
Clock 150 ns. 2 .
) L1 | D05 +CS Write Pulse High
+WriteStgLo  GOS5 | - D06 +CS Write Pulse Low
L1
+1000s Osc Pwrd  J04 | ? 3 U02 -~ Advance Clock From Channel
— 3 BO9  + Write Main Storage
, 1G04 +cP Clock AR Gated
+MSP Write Main Storage D12 2 Main Stg ] GO7  + Main Stg Op Tar
n +1/0 tnstruction  UO4 | Op Tor
[ 12 |t
+Phase A G12 | + System Reset 1 +iMOB +System Reset
+Datad4 J11 L ]
+BPCTgr POS Sys S03 - New CSIPL Cycle
- Processor Check  B12 | ¢ Rst 5 J MO6 - CSIPL Cycle
-POR 6r Reset Key  J12 804 - Load Indicator
- Load Key Pressed Int P02 MO5 - Transfer Complete
- Load Key Released 209 MO4  + Special Sys Rst,
CP Port Card A-A1L2
-8.19ms Clock  $13°
- Microinterrupt Request 4 BO2 i L
~ Interrupt Level 5 Req 106 3 Function 3 |12 -Command BusOut Bit0
+SysBusOutBit8 U1I3 811 Decode 506 1
9 sm 12 ]3] P c | s0a 2
uos
uo? ]
u12
s11
S08 — Alt 3
s05 C
+SysBus Out Low P1 507 Port Register
Data Buffer [ | Device
_
NotUsed D13 —}._ 4 03, o Address/
Data i
1 i ! 4 811, MO02 - MPXPO Bus Out Bit 0
o s - »!  Device mMo4
o7 | | Address/ M5 2
+ System Reset  DO7 | Data [ ~8 "os :
'R 5 a CBO/ Mo7 4
+T7Pwrd 806 | > Data mos 5
3 M09 6
M1 7
+ Multidevice Response  M03 |—— 2 a - o
” PO2 - SysBus nBit8
~MPXPO Data In0  U10 g
1 uos ) B~‘2 150! Modifier/ x|  Gate :g; ?0
2 un Data _ g
3 RN > > B
4 s v J g P10 13
5 U: 7 Port Checks jum : (21l 1
s u Register f P13 15
7 uo2 2
PS03 1
—»] J07 + New Chanriel Check
- Command BusIn4 )13 } 3| M12 - Control Out Pwrd
: [ I 1
- Command Bus In5  G11 | [ 3R I i BO7 +BPCTgr
| — GO4 - Command Bus In Bit 4 Gated
- Service In 809 | 2 Cycle i .
[N Steal D11 - Disk Strobe

- CBI Bit 1 Cycle Steal Read 502 |— > 5 | GO3  + Storage Cycle Request
5 ‘ G12 - Xfer Error Gated or J10 Echo

- CBI Bit 2 Cycle Steal AdrSe!0 D12 § ol Port m; :Z:::;o:f::dmfd
- Control
~ Disk/Dskt {Load) BC Req 411 I—-—! Port Status
) i 3 GO09  Advance Time from Channel
~a| Port Clocks PO7 - SysBus In Bit P
- Base Cycle Steal Request  G13

v
=
N

— Disk/Dskt Block Processor Clock 04 I -
i - MPXPO Bus Out Bit P

+ MC Interrupt Lth  B13 ol
Controf

+Phase A D09 l
+CSY Tor to Channel  GO?7 T 3 B11 - INT/CS LSR Decode 0
I - 1

T

LEISE AL

-POR or Reset Key  G10

Clock B12 2

Decodes D10 - + Interrupt Req to Run Lth
5 4 DO4 - Proc Interrupt 1
B 2

~ Microinterrupt Request 1 B04
2

3 D02

- System Unit Lamp Test D06
+ Enable Interrupt  GO2

-Run Latch OCD  J09
+T3and Phase A BO8

- Board Tiedown 3 J02
NotUsed GOS

NotUsed 110

805 a

interrupts
2 1 810 - Disk Burst Mode Gated

_ Jl 1 ]G06 NotUsed
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0

1/0 Storage (Sense—Big Picture)

Send Data Byte to Attachment/Receive Data Byte from Attachment

g8 1112 15 _
o

7

~N

2
4
g .
3
aa

o
s

— s — e s e | .
—— | e et e e o e} —

SNRE ERpIURPWIN PN
w
c
3

[~

Bus Out l l

Select Attachment
(Address, Modifier, and Ci vd to Attachment)
CPU Channel | Attachment
W,RO Low Port Data |
Device 0000 Buffer
Address |

MPXPC

a

|
I
'm

CPU

-Main or
Control
Storage

I Channel

| Attachment

I Port Data |

SBO

LSR~ I

_%_
C|D|V} Reg

I
I
I
|
I
I
I

Buffer

MPXPO |ppy ‘———
Bus Out . :
MPXPQ| .

Data Inl

I
I
I
I
I
I
I
I

N__ Command
Op | Mod |0}w|C|D{V/|Reg 2 Op |Mod|O1Wi
Decode 0100 {4 2
Bits 8-12 l
Assemble
Address and
FSL Command in Select 1/O Attach ; Send C: and Modifi
Page Channel to Attachment on CBO and MPXPO Bus Oug Send Data Byte to Attachment
CPU Clock PCiio | T3 | T3A | T8 | T { T4 15 76 -TGE —4 ¢ 0 | ™
1/0 instruction PC138 { -
Port Clock PC526 { C00 | CO9 | c03 | co7 | COF | CoE | co6{§co7 | coF | coE | cos | c12 | clo | ci8 [ cio | c13 | c17 | ciF | ciE | cie§ ez | c1F | cie | c16 | coz
SDR Low to Channel PC220
SDR High to Channel PC220
n WRO tow to Channel PC230
Device Address and Modifier ~PC506
MPXPO Bus Out £ ’} Y
B command to €8O PC542 . d o
Control Out Pwrd PC510 d (o
Bl svobe Pwrd PC510 — 5 §
ﬂ Service In PC518 ‘l’ 1'
Select LSR PC240
Storage Cycle PC230
Gate SDR to Channel PC220
Data to MPXPO Bus Out PC024 o -
B service Out  Pwrd PC510 {, G
Advance Time PC518 ——
The first “strobe pwrd’ puise 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 "MPXPQO 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) Gontrol Processor (CP) Poil®
Sys Bus Qut Low From CP A To MSP
7|[m—'][’ S Storage Bus qc:l .
S, 10.1501 nI Main Storage l: MSP MSP Control Gate ;;—l TocP From MSP CP Gate. pracessing Unit
A-AIR2, 82, T2, U2 ? Gate Fd Gate. B - 45 Cantrol Storeg B
= o ] [ i ﬁ',‘;f;’,% '
|Register yte
ol o o l Sve 81 00t Loie
(2 bytes)
(PM000-299} E r ¢1
( snatuls'G:u uMS“\— o 0
! Svs Bus Out High From CP Gt
Il -l | Bl il | 5
L Byte3 AAIF2 T T A-A1Board
k ) TITI1 =,
SR =l | =
Gate B
=t Lo
H L 'MS Control to CP Bus.
Main Storage
Lo
i E:i‘"" l
- ‘Decrementer AL - cx,"’
I horsminz
A-A132 (PC300-399)
Dacimat Addr Sw38& 4 -
Correct ——
!1 Lt F -s/:l:xu
r Main Storage Gate A l
:g LEGEND
e o 75 party Gemrae =
A PC - Parity Check -
OR
[
A-AIP2 (PM300499) A-A102 (PM700-899) A-AIK2 (PC400-499) A-A1G2 (PC100-199) A-ATH2 {PC200-299) AATL2

*Data fiow bus lines may not pass through FRUs 55 shown




!

Read from storage,
write to 1/0

1

Ietch
Select LSR per
Ifetch bits 1315
operation
LSR WRO low (bits )
.s;:vm LSR WRO -] 811) contain the Bit 10
device address. on
T Yes
The channel clock
Gate "‘:;":_' is used to assemble Load address in
‘°°'“":D & I"‘ the device address X high, X low,
fram ! ow and the command in and SAR
to channel the channel.

1

Gate modifier
bits from SDR
high to channet

I

Gate device
address from

WRO low LSR n
to channel

. Select the attachment

No

MSP clock !

Load address into
MSAR, X high,
and X low

Add 1 to
selected LSRR
address {reg 2)

Subtract 1 from
selected LSR
address (reg 2)

;.___—\:

Address main
storage @

1

Load data byte

2. Send command and the Add 10 Subtract 1 from from main
modifier to the selected LSR selected LR storage into SDR
attachment on CBO and address (reg 2) address (reg 2) (reg 2)
MPXPO bus out 6 ]
" |
Establish
channellde;nce o Address control ‘S:r"d d:‘a::':
and control wtorage hroush port 0
processor attachme:
commoicsion_| 1B B
Send data byte [14]
erat s Vs from control f:a’“n:z‘e
per: ":". Bit storage high attachment
complete on through port to acl "’Ei .
attachment communication m
No ‘
Send data byte Complete
from control et
et End
storage low attachment
through port to o
attachment
Port 0
8-11
Jump on 1/0 Conditit
oI e Function Command Bus Out 0—2 o
immed T ————— . Command Bus Out
————Ssu Cycte Steat ) Decode Port Register ﬁ

M
s._-..
S__,r
Q—
=

Write to storage,
read from 1/0

Setect LSR per
bits 13-15

Bit 10 No
on
Yes

Load address into
X high, X low,
and SAR

MSP ciock !
stop
Yes

Load address into
MSAR, X high,
and X low

Yes Yes
Add 1 to Subtract 1 from
selected LSR selected LSR

address (reg 2}

address (reg 2}

et —1

Address main
storage

1

Add 1 to
selected LSR
address {reg 2)

Subtract T from
selected LSR
address (reg 2)

Store byte from
attachment in
main storage

Address control
storage
Complete
) Ves Store data byte priion
Bit4 in control o eant
on storage high attachment
communication
No ‘
mplete
Store data byte f:an::l‘
in control
storage low attachment
rage communication

Disk Attachment

Disk Strobe o 2| Commana
Channel >
T7 Pwrd Comrats Decode

5 , et

Data Buffer i bl
Sys Bus Out o Disk Burst Mode Gated 4 }‘r - % s
Bits 815, P1 3 +CSY Trigger . (e

] Device a —akeock | T )T i

| Address/  fmam 4 MPXPO Bus Out Bits 0~7 Processor Clock Y 1% 416

Data ~ Data Bus Qut NS

: —_— fro oy ez

13_ _ _| IS

r um 8 Gate E [ T T

| Modifi
ifier/ - [Sense 1/0 Sense | [1/0 Load

Data ] Jump

’ onl/0 Interrupt | | Controt Control
1o . Condition 'S‘;"zs Sense Load

I ~ . CBI Bit4
Service In u Byts /0 Stor /0 Storage|
| f S yte age age

n_N
Command Bus In 0-6

"

B\ll“d
s In
—

Command Bus In 0-5
e —

———

£1]

wr—_—

— Data Buffer
Port [ T Disk Burst Cycle Request
Checks 1% 5 ¥
CBI Bit 4 Register ( SMG_
i l
U _L L I~
T Control Qut Pwrd Disk
Cycle Steal A Strobe Pwrd/Service Out Pwrd Diagnost SERDES
- Y = ¢ I Mode
X | pon Y l_g (Weie_
6 Control
h Port Status
1L T A arosoupie
|y
I~ Port Clock
sl Control —l
I I Advance Time Clock |3 { S Interrupt.
T Decodes | o (R . Data ¢ vel o
I B Bus In - Status Control
7 Interrupts tl B <M2_I Assembler P Semse
I MPXPO Data in Bits 07, P 9 o6
System Bus In Bits 8-15 ] I
E——

PC = Parity Check
PG = Parity Generate

5-49

Channel
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5-5

1/0 Storage (Sense-Detail)

Select Attachment i
(Address, Modifier, and Command to Attachment) Send Data Byte to Attachment/Receive Data Byte from Attachment
CPU | Ch I
annel Attachment ] ]
WRO Low CPy Channel Attachment
- | Port Data | Port Data
Device Buffer i
Add 0000 | | Buffer
8 re1ss1 12 15 MPXPO lm
1 = | n MPXPC | B Main or Bus Out
ya
Iﬁ \ ] Bus Out Control
| i B - Storage
i l
: System | | | |
| Bus 1 I LSR | |
1)  Out  |f | | |
T Il | |
N /| Command | |
—
. i | op | Modlolw|c|o[V] Reg] | |
Op |Mod |o|w|C|D|V|Reg 2 o
- | Decode | 0100- |4 2 | |
| Bits 8-12 ' | |
+SARBit1 8OO CP and MSP Storage Cards A-A1D4, E2, R2, S2, T2, U2, R4, S4, T4, U4 Instruction WRO Low
it
2 %06 o vod lolwlclolv] Res2 Device | Port Address
3 Dos SAR P © e Address| 0000
4 612 Address 0 34 7 8910111213 15 8 112 15
5 B13
6 D06 > P — ~——
7 J10
8 02
9 D1
10 13 >
i
+Csv1 aoe | 11 1 k1 N1 R R AR Al Stovage Cards [10]
+C5Y2 Go2 |-
TR TR T TR T T T T s Vottoge forences e a
X A A A A A A A | A A r8SVon 1. G1I SBO Bits 811
. +5.0V on DO3, JO3 ’ its 8-
+8K Group Select D10 Sefection o |1 {2|3|a|s|{s |7 |e¢r ~5.0V on B06, GO6
NI
See Tables 2 GND on D8, 108 SBO Bits. 8-11
Below 4 D02 8 9 10 " 12 13 14 15 P PRT)
A A A A A
A SBO Bits 12-15
Read/ 2111411181114t 1 141114
Write | O Y
+ Card Select 802 | Pl DY 14 I
+ ite D04
+ Data Strobe  B04 li I I I I 1
+Dataln 1 GO9 J1t +Data Qut 1
2 G190 12 2
3 GOS 07 3
109 a
4 oo NN o9 21 see Tavtes Storage Gate Figh
105 6| Below
? g:): J ‘ ; 1 L —pp D12 7 Bit 0 Bit1 Register Gated Thru
HE o0 3 0 0 LSR High
Bit Driver/Sense Amp 0 1 SDR High
1 0 SBI Bits 815
1 1 X Reg High Bits 0—3
Card A1E2 AD4 AIR2, T2, R4, T4 A1S2,U2,54, U4 *Card | + Card Select ATROto3 SDR Bits 47
+ Card Select F2B11 + CS Card Select 0—16K | F2B11 + CS Card Select 0—16K - + MS Card Select 0 - + MS Card Select O A1R2, 52 Qz2u1t + MS Card Select 032K 0000 Stg Gate High Bit P
+ Read/Write F2 D05 | +CS Write Pulse Hi F2D06 | +CS Write Pulse Lo Q2510 | +MS Write Pulse Lo Q2511 | +MS Write Pulse Hi A1T2,U2 | Q2U12 | +MS Card Select 32—64K 0001 Storage Gate Low
+ Data Strobe + Board Tieup + Board Tieup Q2503 | +MS Data Strobe Lo Q2S04 | +MS Data Strobe Hi A1R4, S4 Q2u13 + MS Card Select 64—96K 0010 Bit 0 Bit 1 Register Gated Thru
+ 8K Group Select | F2102 | + 8K Group Select F2402 | +8K Group Select Q2 U09 | - MS 8K Group Select Lo | Q2 U09 | — MS 8K Group Select Lo A174,u4 | Q2513 | +Ms Card Select 96-128K | 0011 5 - T
w
) 1 SDR Low
Card AIE2 A1Da A1R2,52, T2. U2, R4, S4, T4, U4 Card - AIE2 & AIDS A1R2,52,72,U2.R4,54,74.U4 : ‘I’ 25'( Bi:sss“: o
utput St ate Hit
+ Data Qut 1 G2 Nt + Storage Bus Bit 0 G2 G12 + Storage Bus Bit 8 N2 GO2 + MS Storage Bus Bit 8 +SARBit 1 F2 Uo7 +SAR Bit 6 Q2 S06 + MSAR Bit 6 9 g
2 [ G2ro7 1 | c2p06 9 | n2Go03 9 2 | F2miz 7 | azs07 7
3 | 62413 2 | Gzro2 10| N2Go4 10 3 | Fzui10 8 | P2B06 8
a4 | Gzpo9 3 | Gam2 11| N205 1 a_| F2s06 9 | P2803 9
5 | G261 4 | Gamo2 12| N2J07 12 5 | F2pP13 10 | r2802 10
6 | G2Gi3 5 | G2ro4 13| N2Go8 13 6 | Fzmi3 11| P2B07 X
7 | G2moa 6 | G2pos 14 | n2502 14 7 | F2ro6 12 | P2p07 12
8 | G2mo3 7 | G2mos 15| N2G09 15 8 | F2un2 13| P2D0s 13
P | G2G09 PH | G2G02 ~ loP | N2J06 P 9 | rzuts 14 | P2B08 14
+Datain 1 | H2D12 | +System Bus Qut 0 | H2U04 | +SystemBusOutlo 8 | P2302 +MSGtOutBit 8 10 | F2mMn 15| P2D09 15
2 H2 D07 1 H2 U4 9 P2 J04 9 +CSX1 F2B13 +CSX 1 Q2 uo4 +MSCSX 1
3 | H2Bi2 2 | H2s02 10 | r2G07 10 2 F2 BO8 2 Q2 uos 2
2 | n2806 3 | h2soa 1| p207 1 3 F2 BO7 3 Q2 U6 3
5 | H28B07 4 | H2uos 12 | p2Go2 12 a F2 606 2 Q2 uo7 a
6 | H28B05 5 | H20U10 13 | P2G03 13 +Csv 1 F2D11_ | +Ccsv1 Q2508 | +MsSCSY 1
7 H2 81t 6 H2 S08 14 P2 G04 14 2 F2 DO7 2 Q2 S09 2
8 | H2 D05 7 | H2s10 15 | P2G06 15
4 H2 810 + System Bus Out Hi Bit [ H2 DO4. + Sys Bus Out Lo P2 P2 809 P
CP Data Flow Card A-ATH2
1
Board Tiedown U2} ‘I
+ Storage BusBit LoP  J12
+Storage BusBit15 41| — 9
1M G12 .
13 PO2 l
12 mo3
16N v ¥
10 G610
9 m02 — Pari
8 n3 SDR Hi il SDR Lo L—! 106  +SDR P Check
+Storage Bus Bit Hi P G13
+ Storage BusBit 7 GO9
6 PO6 I
Y 9
a 50 |
| GO5  + Stg Gate Hi Gen P Bit, Test Pin
3 Mos — - n !
2 poa 8
1 Mo4
\ A 4
o Pos
1 Parity .
+CSY Tgr New 09 b——p —
+Reset SDRHi P07 b— Stg Gt | Stg Gt 2 1 D02 +Stg Gate P Check
. Hi Lo Tult  + Stg Gate Low Gen P Bit, Test Pin
~SysBusinBitP  BO8 ] i
15 Mm10
14 M3 2 1804 +Sys Bus Out Low P1
13 M08 9 P} 004 +Sys Bus Out Low P2
12 Mmo7 -
1 M09 s
10 M1 Driver
9 M2 o | | L U02 +Sys Bus Out Bit 8
8 Po9 r ¥ uo4 9
+S519 Gt Hi Bit O Fixed  GO3 2 8 g :?
+Stg Gt HiSel Bit 1 GO8 X Hi Reg Y Hi Reg X Lo Reg Y Lo Reg P 0o B n 12
+StgGtLoBit0 DO6|__ 2 u1o a 13
StgGtLloBit1 D11 I +5V S08 14
3 s10 15
Board Tieup  S13 | T
Board Tieup  U13 }-@ r | |
I o y - Ca |
T3 and Phase A - P10 } rry
+ 73 and Phase 0 | 1 LSR
+Clock SAR and X Reg P11 } .
| 1 ALU Hi ALU Lo > le—p
+Special Sys Rt J07 |— Lo Hi
- Select Stg Gate Data P12 | : —* =
+ALU Func Bit0  BO3 A S
1 pio ’
2 D9 j 1 ] BO2  + Pty Predict Carry Qut Hi, Test Pin
3  BO9 —
Carry 1 S 1 L L {J0s  +Datad
o st EAA ; vy
+ALUGate HiloSel 0 GO4| 3 Parity 1 {509 * + ALU Evror
1 Go6
All Ones Low
2 Go7 ALU Gt Hi ALUGt Lo 2 1013 +ALUZero
+16 Bit ALU Operation  G02 | 02+ Carry or Ones
+LSR Address Bit0 U0 | I &‘)’;’ +Sys Bus Qut Bi‘?
1 wos
2 sos| 6 812 2
3 P13 806 3
807 4
5 s06 2 9%
+New LSR Addr Bit4  S03 P 605 5
1 B11 6
-Wite LSR Lo s11 ‘;7' D05 7
~Write LSRHi  B13} B10  +Sys Bus Out Hi Bit P




5-51

Assemble
Address and
FSL Command in Select 1/0 Attachment; Send Command and Modifier -—
Page Channel to Attachment on CBO and MPXPO Bus Qut Send Data Byte to Attachment g
4§ £ To | T c
CPU Clock PC110 | T3 T3A T3B T3E 3y T4 T5 T6 T6E 3 Y ©
200 ns Rt
_( (o
. 1/0 Instruction PC138 \ - ) (&}
Port Clock PC526 Coo Cco9 Cco3 co7 COF COE Co6 S S co7 COF CoE Co6 c12 c10 cig c19 C13 c17 C1F ClE C16 s S c17 C1F C1E C16 Cco2
SDR Low to Channel PC220
SDR High to Channel PC220
n WRO Low to Channel PC230
. Device Address and Modifier  PC506
S
MPXPO Bus Out £ i
{
Command to CBO PC542 £ , I,
_ (
Control Out  Pwrd PC510 — .
B strobe  Pwrd PC510 {4 {4
. bl [ {
n Service In PC518 . L
) seiect LSR PC240
[Hl storage Cycle PC230
B cate SDR to Channel PC220
R { {
B Data to MPXPO Bus Out PCO24 . - §
[
Service Out  Pwrd PC510 B
Advance Time PC518 ———
CP Storage Control Card A-A1F2
- MSP Clocks Stopped 406 |1 Msp
Run - ! +{U05 - MSP Run tndicator
+ System Unit Lamp Test 006 j—1 - - Indicator )
- MO3 - Display SBO Bit 8
+SysBus Qut Hi Bit0  wm07 $12 9
1 Po7 M09 10
2 o Display 9 PO9 - n 1"
3 D13 8 | GoB 12
S E03 580 ’ ) c G10 B8 13
s B02| 9 N > Bits G11 14
€ un » G13 15
7 S09 ) Moz P
P S13 ~ 15
» SAR . U07 +SARBItS
M2 7
+SysBus Out Lo Bit8 P10 0 u1e 8
9 M0 506 9
10 s02 10 | P13 10
1 soa| g (1 Parity TP M3 1"
12 uoe > Gen P06 12
13 M2 - Ol Address u12 13
14 so8 u13 14
15 s10 | and w11 15
P1osn 15 - 4il saR
Checking
1 _ 2 | D10 - i Stg Address Chk
16K Jumper = 0 and 1 Jumper 16K } 1009 - Ctl Stg SAR P Chi
o Jumper pin 0 B11  + Card Select 016K CS
- O D I] l] .""’a'."’: B > S05  Not Used
—r eose 5 B10 Not Used
G02  Not Used
Card 10 B13. +CSX 1
Select 808 +CSX2
BO7 +CSX3
. BO6 +CSX 4
. ——{
+Clock SAR and X Reg  §07 f— | g;; . gi: ;
Bit 2 . N
) 11 +CSY Tgr New
+MS CSY Tor Signal  GO3 3 - 4 413 +CSY Tar to Channel
+ T5 Not Dlspla_y Stg D02 ' csy G09 + Write MSP Register
+ Sense/Load MSP Registers D04 T 102 +8K Group Select
+ Control Storage Access  JO7 |——‘ . Tor .
Loy
1
- Storage Function 05 |—1 - Storage Cycle "())0 n b »| P04 +100 ns Osc Pwrd
- Check Run Switch  GO6 | 2 Storage - ¢
+Write Stg Hi  BOS Clock 150 ns ’
1 2 [DOS  +CS Write Pulse High
+WriteStgLo  GOS ,'— | D06+ CS write Pulse Low
1
+100 ns Osc Pwed  J04 | & U02 - Advance Clock From Channel
3 BO9  + Write Main Storage
L] . | Goa  +CP Clock SAR Gated
+MSP Write Main Storage D12 2 Main Stg {07 +Main Stg Op Tar
[El + /0 tnstruction U4 | Op Tor
[
“Phase A G12 | + System Reset L MO8 +System Reset
+Dataq N L
+BPCTgr _ POS Sys S03 - New CSIPL Cycle
- Processor Check B12| ¢ Rst l MOB - CSIPL Cycle
-POR or Reset Key  J12 B04 - Load indicator
- Load Key Pressed Int P02 MO5 - Transfer Complete
- Load Key Released  J09 MO4  + Special Sys Rst
CP Port Card A-A1L2
-8.19ms Clock  $13 | 2
- Microinterrupt Request 4 802 |—
~ Interrupt Level 5 Req  J06 I_ 3 Function | 912
. 3 an - Command Bus Out Bit 0
+Sys Bus Out Bit8 U13 4 811 Decode : S06
s09 =)y - d : ( S04 a 2
uos v
uo? ——
u12
S11
s08 i
05
+Sys Bus Out Low P S07 Port Register
b .
Not Used D13 b——— Data Butfer Device
i 4 03, g > Address/
’ n >
+1/0 ¥05 | [ 811 ) Data MO2 - MPXPO Bus Out Bit 0
¥ Device _ MO4 T
+System Reset D07 |- Address/ J r MO5 a 2
Data 8 o | MOS 3
+T7Pwrd B0 | 5 $ CBO/ P mo7 4
g Data M08 5
3___ _ M09 6
+ Multi D MO3 — 2 4 _ M10 7
-MPXPQO Data In0 U0 4 1215 kel P02 -SysBusInBitg
1 uoes P Modifier/ | &  Gate po4 9
2 unt Data > P05 10
3 s12 4 47p —— . 8 o | Po6 "
4 810 > > V| P09 12
5 U09 ' P10° 13
6 U4 7 Port Checks fums P11 14
7 U02 L 2 Register P13 15
PS03
1 —»{ 07+ New Channet Check
-Co dBusind J13 |—
mmand Bus ' ———— 1 a2 - Control Out Purd
- Command Bus In 5 G11 |—— 3R f_. 1 1807 +BPC Tar
1 : .
a - Service In 809 } 2 Cycle — »{ GO4 - Command 8us In Bit 4 Gated
9 . Steal - D11 - Disk Strobe
- CBI Bit 1 Cycle Steal Read  S02 | > l GO3  + Storage Cycle Request
] 5 »{ G12 - Xfer Error Gated or J10 Echo
- CB! Bit 2 Cycle Steal Adr Sel 0 D12 | Port ' M11 - Service Out Pwrd
T Control M13 - Strobe Pwrd n
— Disk/Dskt (Load) BC Req 411 |——— Port Status
°
- DiskfDskt Block Processor Clock 104 | ) A ; Port G . 3 | 609 Advance Time from Channel [
- Base Cycle Steal Request  G13 mmfp| "'t Clocks PO7 - Sys Bus In Bit P
+MC Interrupt Lth 813 | 2 P12 - MPXPO Bus Out Bit P
+Phase A DO 5 Control ‘
*+ CSY Tor to Channel  GO7 B11 - INT/CS LSR Decode 0
- POR or Reset Key  G10 }—— J [ 3 Go8 N
& -
- Microinterrupt Request 1 BO4 Ctock 812 2
803 Decodes D10+ Interrupt Req to Run Lth
3 D02 5 - 4 D04 - Proc Interrupt 1
- System Unit Lamp Test D06 ™ bos 2
+ Enable Interrupt  GO2 10 I 805 a
- Run Latch OCD  J09 Interrupts
+T3and Phase A BO8 2 »|B10 - Di
- Board Tiedown 3 J02 |—_|_ Disk Burst Mods Gated
NotUsed  GOS 1 —»{ GO6  Not Used

Not Used 410 g T
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Jump on I/0 Condition (J!0O)

00 1 1 Modifier | Page Address Start
0 3 4 7 8 15
I-fetch Jump m
This instruction tests 1/0 conditions. If the on 1/0
. . . .. . I-fetch condition
condition tested is active, this instruction causes operation met
a jump to the address specified by the page
address (bits 8-15). If the condition tested is
not active, the next seguential instruction is -
executed. . Gate page address
Select LSR WRO LSR WRO low (bits Gate MAR low from instruction
low 8-11) contains the into SAR (bits into MAR | d
Th i de (bits 0-3) i h device address. 8.15) imio MAR ‘ow an
e operation code (bits is sent to the port SAR (bits 8-16)
where the bits are decoded as a
jump-on-1/0-condition command. This |
command is then sent to the 1/0 attachment The chanmel etk
through the port. Ghate Sll)? low to is used to assembie End
: d:':::s ;::gte the device address
. . g - ‘ 1 and the command in
Modifier (Bits 4-7): Specifies the control field used) the channel.
for the 1/0 devices. The 1/0 device being used
determines how this field is used. The modifier
field is moved to the 1/0 attachment through Gate SDR high |
the port. to channel nl
{modifier bits 4-7)
Some of the modifier combinations make a {op code bits 0-3)
common code for those conditions that are
used by most 1/0 attachments. The modifier
usage is specified as follows: Gate device
address from B
Modifier Field WRO low LSR to  [gme"
Setting channel ﬂ
4 56 7 Description
0000 Adapter check 1. Select the attachment
0001 Adapter not ready 2. Send command and the
0010 Busy condition 1 modifier to the
. attachment on CBO and
0011 Busy condition 2 MPXPO bus out
0100 Interrupt enabled
0101 Diagnostic real
0110 Diagnostic not real Establish B
0111 Available for channel/device 9]
and control
through 1/0 attachment processor
11 1 1 needs communication
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 1/0 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 /0O condition is met.
Jump on I/0 Condition (Big Picture)
Main Storage Processor (MSP} Control P‘mngswv cp) C:::-luzl )
[ T mssionm s
s | |7 i o e .
JALLEN, Sare MS Controt Stocage Bus
(cstmnzq ]
ooy Lo ’ A o
égavu-
- & |
4 A-A1F2 l A-A1 Board
_E |
1
(e
S5 Bus Out Hun — 3
A-A1J2 (PC300-399) b‘) i \ﬁ
Addr Sw 3 &4 i
S al-[ -
P —— |
o ” 78 s
A-ATP2 (PM300-499) A-A102 {PM700-899) A-AIK2 (PC400-499} A-A1G2 (PC100-199) A-ATH2 (PC200-299} A-AlL2Z

“Data flow Bus lines may not pass through FRUs a5 shown



™
Control Processor | Channel - :Attachment o
T T T T T T T T T T T T T 7 select 1/0Attachment o
Assemble I.\ddress and and Check for Jump
Command in Channel on 1/O Condition 5
{ [=
WRO Low | i - g
Device L
Address 0000 I I (&)
—T a .- | MPXPO !
V2 S Bus ! Attach-
[ System 1} oo L ment
Buffer ﬁ
ﬂ Il Out { u |
I Page r | ll l
Op | Modifier * Address | .I | Com- 7 | .
‘\ n ,’ | Command
~T o mand T
- E Decode |
m '\ cal
12 f
LSRs ' (bit 4)
| I
| |
I 1
| |
1 1
FSL Assemble Address and Select 1/O Attach Send C d
Page Command in Channel and Modifier to Attachment on CBO Send Data Byte to Attachment
and MPXPO Bus Out
200 ns
T | 7s | vs ] |70
—————————— ——— —_—————————— — ——| T0 | etc
Control Processor T-Times PC110 To | n l T2 l T3 |T3A|T3B | T3EI | ‘ TA|T5 | TE ,
Phase A PC110 memm
1/0 Instruction Pc138 | | | L
Advance Time from Channel PC518 i I 1 I
Sys Bus Out Valid S . TSDRILSR| — — — — — ——————=——— ——————1_
$oR High S | |
Port Clock C-Times PC526 C00 CO0 CO0 CO0 CO09 CO03 CO7 COF COE CO06 CO7 COF COE CO6 Ci12 C10 C18 C19 C13 Ci7 CiF C1E C16 C17 CiF C1E C16 C02 CO0 CO0 COO COO
MPXPO Bus Out Valid -l- Dev Avide and Cond Code l
ﬂ Control Out Pwrd PC512 I i
Bl strobe Pwrd PC512 | — A 1 T
I |
Service In PC518 T { I
B service Out Pwrd PC512 | — o
Strobe SDR Low Data PC526 r—{function) |
|
BB Strobe SDR High Data PC526 __r—1.{op code and modifier) !
|
B Strobe LSR Data (WROL) PC526 —_{device address and port address) '
CBOO PC542 1 l l —
| |
CBO 1 PC542 | ms—— | l -
CBO 2 PC542 5 : D
Load Data Buffer PC502 I
: Cond DA I I
Gate Data Buffer to MPXPO PC506 |- ;
Bus Out/Sys Bus In I | L _
Clock Port Register PC502 1 PAdCBO  ——
CBI Valid (bit 4) to Port PC512 I _ m— -
(CBI bit 4) l l
Write LSR (L) (BOC met) PC160 e — e — "
! |
CBI 4 Valid to CPU PC512 e I
(CBI bit 4 gated) | l
Select SDR (L) (BOC met) PC230 ' |
or LSR (L) {(BOC not met) PC240 I Select SDR (page address) to write MAR (LSR) L —
16] I I
Diskette Attachment Diskette
Port 0 Seck
811
B8 Jump on 1/0 Condition, ff ™
1/0 Immediate ) (T ;unc:’ion Command Bus Out 02 _, Command Bus Out Seek Ready
_S ecode — — —
Base Cycle Steal < (: Ce Port Register X :;'a'f"l | x _Access Lines Controls Index SS
ister
o @ s
Device y
| Address/
Data o
o |Command
8 Data Buffer —"Z-— - 8 m——— a::;‘s ocorts
i‘l’lss 8"—512“:‘1 g_nn o Command/
" : Device Data A
- S:Xdﬁres“ = z *J L MPXPO Bus Out Bits 0-7 DBO Write [N Write N
< g B-__J [ - — [— G e——— PG NSRIRIELTEO, | Butfer Serializer jummm—gp! Data Write Data
12495, |4 -8 P Gate Register Butfer T | Trigger
Ry \odificr/ N FC
F’_ﬂ. Data b 4 7
7 M o
10 ¥ l
Instruction™ § | 1 1
[ 1] I l l o it = ¢ )LServlce In Service In a : :
S 7
- - I Command Bus fn 0—5 " a Command Bus In 0-5 ) 5 ( Command Bus In Bit4 o Jump on 1/0 Condition i s
Port N 1 r Condition .
C:-’ecks 8 J ( TnTe I l Test Condition 1 ]
CBI Bit4 Register : I
[ i - i
T 1 NS 1 1
‘L Contsol Out_Pwrd Control Out Adapter [} 1
Cycle Steal e Strobe Pwrd/Service Out Pwrel swone Controls I i
s - -a : i |
J | Port ' — 18] Service Qut 1 1
—_— 6 -1 Control ] 1
- { -[I Port Status oo : ]
. mp i
() 'XPO Bus Out Bit P i :
B Port Clocks 1 1
| Control —l Sense ! 1
I I Advance Time Cock f-3— Q¢ - Sense Condition
T Decodes | _ 4 { ( . Data - e ﬁ
nse
‘I‘ 7 Interrupts A R Data 2:;ilsr!‘er [ X = Assembler Read R:i: Read Data
MPXPO Data In Bits 07, P . . pos Port Data Bus In i::e :'r:b‘er . g:::er ¢ z:m::iz o
System Bus In Bits 8—15 el 8 I -
- 1PL
PC = Parity Check

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

Control Processor Channel ‘Attachment
e —— . —— e —— . e e e s ——— s — — —— s s R e s e T
elect §/O Attachment
sse! re:
A mb!edA.dtz:hss an:i and Check for Jump
Command in anne: o
on {/0 Condition
f
WRO Low ‘ }
Device
0000 i I
Address E I |
l /TN ; MPXPO
/ Ny | Attach-
{ System\) | Bus |
Y D ment
! Bus | ata —u ;
| out | | Buffer |
l 3- l
r — N | -
Op | Modifier | -2 : H !
1vier
» Address 1 I Com- |
— n 1A Command
\ 7 mand T
N .
{ Decode |
16] [ cal
(bit 4)
LSRs : T
. | I
CP System Control Card A-A1G2
. DIt +ALU Func Bit0
*SommBsBn0 1| g o ——= || ALU a_|o T
. i Function J10 2
2 hs mor || Bits 09 3
3 Po9
4 61 nm ]l 2 __|MO6 - Clocked MOR P Check
S GIS 1005+ Sense/Load MSP Registers
6 Mos 1 1
7 Mmo3 1 +] 512 +T3and Phase A
Bit P,Hi Go9 .
+Storage Bus Bit8  G12 »{B0s +T4ThuTE
9 PO6 1
10 PO2 ‘rT l-—-—li 802 +T7Pwrd
1n 2| g e Lol ]———"'I S09  +Phase A
12 mo2 P S— BO3 +Stg Gt Hi Bit0 Fixed
13 poa Ste 5 |UI0 +Reset SDR Hi
:; ;0055 Gate D09+ Stg Gate Hi Sel Bit 1
. Bits 807 + Stg Gate Lo Bit0
+ Storage Bus Bit Lo P GO2 1 BO5 +Stg Gate Lo Bit 1 n
+100 ns Osc Pwrd  J06 |»1—— r
+ Special Sys Rst  $13 |————@
-RunLatchOCD M11] 2
+ Storage Cycle Request P10 I [.l 1 »
B08 + Controf Storage Access
+ Branch Cond Met  DO7 |- > 1
N »| Contro!
- Command Bus in Bit 4 Gated 004 |1 - Storage +{B13  + Single Cycle
+BPC Tgr  GO3 i——’——ﬁ Access ) 3 GOS5 + ALU Gate HifLo Sel O
- CBI Bit 1 Cycle Steal Read 508 !+ pa g“g '2
—
- CBI it 0 Cycle Steal fncr S0 | ALU 3 809 +Write Stg Hi
+ Mode Selector Sw Bit 1 J04 L3 Gate DO2  +Write Stg Lo
2 J02 I— i Hi/Lo D12+ 16 Bit ALU Operation
3 J0s o—| Write a _% MO7 +1/0 n
- Control Storage Sw D06 |- ] Stg J’
3 M10 - Storage Function
U09 - Select Storage Gate Data
c I811 +cCarryin
arry in
Y +{U07 + Clock SAR and X Reg
Clock 1
SAR
+ Carry Log PCR Bit4  B12 ,L1 —|
3 D13 -Write LSR Lo
} Clgck cs GO6 ~ Write LSR Hi -
Write LSR B05 - Clock ALU Gate Check Tgr
Hi/lo |
[ '———_’*‘" U11 - Clock Stg Gate Check Gated
——— 1
——————{S07 +T5 Not Display Storage
Clock
Stg 2 GO4  + Status Card 2/1
+CSY Tgr New  J07 | 2 Gate S03  + New LSR Addr Bit 4
) : P
[ - Advance Time from Channel M08 ¢ < Check W06+ LSR Address Bit 0
INT/CS LSR Decode 0 S11 s 5 M3 1
1 s10 '—3—— T P12 2
2 U3 uos 3
Address Switch 3-4Bit2  M12] 2 S02 5
+ ress Switcl = i
GO8 -+ Status Sel 0
+ Address Switch 3-4 Bit3 S04 LSR 3
Address uo4 1
+ MC Interrupt Lth U12 Status 3 S05 2 )
~New CSIPLCycle P13 | 4 Select _|G07  + Status Function 0
- CBI Bit 2 Cycle Steal Adr Sel0 P11 “luo2 1
- CBI Bit 3 Cycle Steat Adr Sel t M09
CP Data Flow Card A-A1H2
1
Board Tiedown U12 —@
+ Storage Bus Bit LoP  J12 :l—
+Storage Bus Bit 15 J11 | — 9
14 G12 N -
13 PO2 I :
12 mo3 ‘
1 Gn h 4 A 4
10 Gio
9 Moz ] Parity
8 413 SDR Hi SDR Lo 1:7,—'116 +SDR P Check
+Storage Bus Bit Hi P G13
+ Storage Bus Bit 7 GO9 .
6 P06 3
5 MO 9
a4 5o
3 MO5 ﬂ { GOS  + Sig Gate H: Gen P But, Test Pin
2 Po4 o L
1 Mo4 L
s vy LA L
1 Parity
+CSY TgrNew  J09 b—p —
+Reset SDR Hi P07 f————— Stg Gt [ Stg Gt 2 | D02 +StgGate P Check
 Sys Bus In Bit‘: ,:B,ﬂ% Hi Lo T1U11  + Stg Gate Low Gen P Bit, Test Pin
bl 2 1804+ Sys Bus Out Low P1
:g mg&; 9 P 004+ Sys Bus Out Low P2
1 Mog
10 MmN Driver
SRS o ™ L U02  + Sys Bus Out Bit 8
8 PO 3 r 2 Uo4 9
BB+ st HiBitOFixed GO3| 2 s |2 10
+Stg Gt Hi Sel Bit 1 G08 X Hi Reg Y Hi Reg X Lo Reg Y Lo Reg > s N
n +5tg Gt LoBit0 D06 2 u10 13
StgGtLoBit1 D11 +5V s08 14
3 P s10 15
Board Tieup  $13 | p
Board Tieup  U13 |—@-
L M\ ,\_‘+5V
+T3andPhase A P10 | 1 ‘ v Carry
N 1 LSR
+Clock SAR and X Reg P11 ——
1 ALU Hi ALU Lo
+Special SysRst  JO7 | Lo Hi
- Select Stg Gate Data P12 | 41 —
+ ALU Func Bit0  BO3 L,I:i:l 25 A
1 D10 Dri
1o river — —»} B02  +Pty Predict Carry Out Hi, Test Pin
3 BO9 F R
L 14{ J05 +Datad
+Corry In 507;———J J"' ‘H,'
+ALU Gate Hi/loSel 0 G04| 3 Parity 1 oisoe s+ALUE
| + reor
1 GOS All Ones Lo
2 Go7 ALU Gt Hi ud ALU Gt Lo 2 _|D13 +ALUZero
9 1
+16 Bit ALU Operation  GO2 | J02  + Carry or Ones
+LSR Address Bit0 U0 J g(‘; +8ys Bus Out B"?
1 uos
2 s05 812 2
3 P13 806 3
5 S06 9 |807 4
+ New LSR Addr Bit4  S03 P BOS 5
o 811 6
17 —\clvn.le LSR Lo St1 7 D05 7-
- Write LSR Hi  B13 } 810

+ Sys Bus Out'Ri Bu'P



o]
FSL Assemble Address and Select 1/O Attachment; Send Command [Ts)
Page Command in Channel and Modifier to Attachment on CBO Send Data Byte to Attachment u:,
and MPXPO Bus Out
200 ns -
3 12 o o] e — = == e Al L e Y
Control Pracessor T-Times pcr1o | 10 [ m l T2 I T3 IT3A|T3BI T3E| ] TA| TS | T6 TO | ete )
. | - o
Phase A PC110 M_WW =
| ©
KB 1/0 instruction PC138 |___ ¢ I } . 5
'Advance Time from Channel PC518 i lr 1 S e |
Sys Bus Out Valid ————— TSR IsDRT ISR T - = = ————*7*—————I——-—q
Low | High1
Port Clocks C-Times PC526 C00 CO00 COO0 CO0 CO09 CO03 CO7 COF COE C06 CO7 COF COE CO6 C12 Ct0 C18 C19 Ci13 C17 CIF CI1E Ci16 C17 CiF CIE C16 C02 CO0 CO0 COO COO
MPXPO Bus Out Valid o Code | —
Control Out Pwrd PC512 T .
E} Strobe Pwrd PC512 I r . 4|—\_Sl B |
[ 9 ] l — - §
Service In PC518 T 1 1
Service Out Pwrd PC512 I | — 1
Strobe SDR Low Data PC526 m I I
Strobe SDR High Data PC526 1 op code and modifier) I
|
B strobe LSR Data (WROL) PC526 — (device addréss and port address) |
EBceoo pCs42 |—————— | I —
Elceo " PC542 I -
Elcso?2 PC542 — .
B Load Data Buffer PC502 I
Cond DA |
Gate Data Buffer to MPXPO PC506 S
Bus Out/Sys Bus In l |
Clock Port Register . PC502 y— DA2ndCBO  ——q
CBI Valid (bit 4) to Port PC512 I — !
(CBI bit 4) I I
B write LSR (L) (BOC met) PC160 e ——
| |
CBI 4 Valid to CPU PC512 S— -
(CBI bit 4 gated) | l
Select SDR (L) (BOC met) PC230 |
‘or LSR {L) (BOC not met} PC240 y ] 5 Select SDR (page address) to write MAR (LSR) -
I |
Diskette Attachment Diskette
System Bus Out | Command
Function Bits | Bus Out Command Mnemonic Seek
8 9 10Mn 012
0 000 100 1/0 Load oL
0 100 | 101 | /0Sense 105 s Ot ) seek Ready
010 1 0 0 1 | Sense interrupt Level Status Byte | _ SILSB Track | x _Piccess Lines Controls Index SS
1000 1 1 0 | 1/O Control Load locL Register —_—
1100 1 1 1| 1O Control Sense 10CS - y
00 11 011 Jump on 1/0 Condition Jo
C 1 0 | Base Cycle Steal o
o nel . {“n-nmzml.
Controls Decode
3
_ Port Data Bus Out DBO Write | wriee .
Instruction WRO Low 7] P! Butfer e Serializer Data Write Data
l o0 | Meditier l Function |H2l Rea 2 ] m'c:“ Port ‘;\g%es] Register Buffer Trigger
o 34 78 111213 15 8 112 15
Pt —————— -
I 1
| 1 ]
a (6] I |
(Command Bus In Bit 4 Jump on 1/0 Condition 1 |
¥ Test 1 1
$BO Bits_8-11 Condition 1 1
True Test Condition ] 1
SBO Bits 8-11 I 1
8-11 I 1
SBO Bits 12-15 1 1
) Centrol Out Adapter ] 1
[ —Strobe Controls : ]
Service Out Pwrd 1 :
l 1
! 1
! 1
Storage Gate High : !
BtO | Bit1 Register Gated Thru [}
Sense I !
o 0 0 LSR High . H
[ 1 SDR High
1 [ SBI Bi(ss'—ls . Sense Condition
7 7 X Reg High Bits 0—3 1—-#
SDR Bits 4-7 Data
Stg Gate High Bit P . Bus In z‘:e o oo
Data Register | AAssembler ea
sf""“' G'“ Low - Bus In e <& g::: . ata Read Data
Bit0 Bit1 Register Gated Thru Port Data Bus In d Deserializer|
x Buffer ®
al o 0 LSR Low Register
0 1 SDR Low
1 [ S81 Bits 815 PL
n 1 1 Output Stg Gate High
CP Port Card A-A1L2
-8.19ms Clock S13 | 2
- Microinterrupt Request 4 B0O2 ,
- 06 3 .
Incerrupt Leve! § Rea B8-8 Function 3 L | 412 - Command Bus Out Bit O
+Sys Bus OutBit8 U13 - a4 g1 Decode P so06
9 s09 » | s04 2
>
10 U0
1n o7 ™
12 ut2
13 sn
N ml 13
15 05 [
+Sys Bus Out Low P1  SO7 Port Register
) Data Buffer Device
Not Used D13
o1t * 4 .03, [g Address/ ) .
[ 1 ) ion 105 } 12 i [ i > ) Data MO2 - MPXPO Bus Out Bit O
» Device | M04 1
+ System Reset  DO7 | Address/ s MOS5 2
Data 8 o | MO6 3
T7Pwd 806 | 5 A CBO/ »| MO7 4
- f R » Data M08 5
_____ . M09 6
+ Muttidevice Response M3 } : 2 4 R mio 7
-MPXPO Data In0 U0 4 1215 g P02 -SysBusinBit8
Toues - 14} | Modifier/ mmed O Po4 9
2 un Data » s POS 10
3 s12 47p I o | POE "
4 P
4 s10 > » PO 12
5 U9 H I : P10 13
o os 7 : Port (?hecks [ P11 14
7 w02 2 Register P13 15
PS03
1 { 407+ New Channel Check
1
- Command Bus In4 113 | 1 »Im12 - Control Out Pura [ER
- Command Bus In5  G11 } { { i 4 —-—1—>! BO7 +BPC Tgr
B-scvicen 809 - 2 Cycle . ’V ! { G04 - Command Bus In Bit 4 Gated
9 Steal ] D11 . Disk Strobe
- CBI Bit 1 Cycte Steat Read  S02 } - GO3  + Storage Cycle Request
5 G12 - Xfer Error Gated or J10 Echo
- CBI Bit 2 Cycle Steal Adr Sel 0 D12 | ol Port I M11 - Service Out Pwed
Control M13 - Strobe Purd [
- Disk/Dskt (Load) BC Req 411 l——l Port Status
PR { 2 ;
- Disk/Dskt Block Processor Clock 04 I T 3 Port Clocks 3 609 Advance Time from Channel m
- Base Cycle Steal Request  G13 > t ';°; ~ Sys Bus In Bit P R
+ MC Interrupt Lth B13 I 2 1 ~ MPXPO Bus Out Bif
Control
+Phase A DO 5
+CSY Tgr to Ghannel  GO7 l B11 - INT/CS LSR Decode O
- POR or Reset Key ~ G10 } > ’. . 3 Go8 1
- Microinterrupt Request 1 804 Clock 812 2
2 803 Decodes D10 + Interrupt Req to Run Lth
3 D02 5 4 | DO4 - Proc Interrupt 1
- System Unit Lamp Test D06 - Dod !
+ Enable Interrupt  GO2 10 . 5 BOS a
- Run Latch OCD 09 l Interrupts
+T3andPhase A BOS 2 B10 - Disk Burst Mode Gated
- Board Tiedown 3 J02
NotUsed  GO5 i_—:l: f 1 > GO6 Not Used
Not Used  J10 - h




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.

3. CBI/DBI Not Zero Check-The port sets
the port check byte bit 4 if one or more
of the "MPXPO data in/CBI/service
in/multidevice response’ lines (except CBI
bits O 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.

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

T-Times (CP clock)

C-Times (port clock)
Trigger X1

Trigger X2

Trigger X4

Trigger X8

C1X Latch
Time-out Cntr Clock
Time-out Counter
Control Qut Pwrd!
Service Qut Pwrd?
Strobe Pwrd!

Service In {or not multidevice!
response)

1/0 Time-out Check Lth

Blast Condition

Machine Check Interrupt Lth!
1/0 Instruction®

Advance Time from Channel
Reset Port Checks

Port Addr Zero'
(port instruction)

1This line can be probed.

FSL
Page

PC534
PC534
PC534
PC534
‘PC518
PC526
PC504
PC510
PC510

PC510

CHOO07
PC504
PC506

PC422

~PC138

PC518

PC516

PC510

200 ns

T6 Ext |——=|——=|[=—=]—— || === TO T T2 ')r3) T3A 138 [ T3E T4
{
C1F C1E cié c17 C1F | C1E C16 C02 Coo co0 Ccoo ((:00 Cco9 Co3 co7 COF

J
{

) )

(¢

} )

L

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.

Control Out Pwrd

(not) Port Instruction OR

Any Port Instruction A

TGR4

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

PC506
OR

(not) Exit'Loop 1 Latch

Service Out Pwrd
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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 DB 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

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/O instruction to the port during a subsequent

CSIPL procedure.

1This line can be probed.

200 ns
T6E -—=—1| TO T1 T2 T3 T4 T5 T6 el T2 T3 T3A T3B T3E | T4
C1E Cc16 Cc02 Co00 Ccoo coo coo Cco0 Co0 coo coo 1, )( coo coo co9 C03 | CO07 |, COF
C(
L ) )
(
L ) )
1
i ) ) eesm——
(
I ).) )
F T (— (
L |
I ) )
( T
- _._— )}
(
L )
(
e —— SE—— ()
) )
— ( (
A )
(
L — )
{

P e T e e TN e TN e TN TN N TN T N e e

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!

Blast Condition

Machine_‘ Check Interrupt Lth?

This line can be probed.

FSL
Page

PC510

PC534

PC534 .

PC534

PC534

PC518

PC518
PC504

PC510
P051d
PC510
CHO07
PC516
PC504
PC138
PC526
PC110
PC518
PC506

PC422

200 ns

TE | —~—-—

T4

T5

T6

TO

3 T3A

T3B

T3E

T4

'COF | COE | cCo06

co7

COF

COE

Co06

co2

Cco0

Ccoo

Ccoo

Coo

co3

co7

COF

)
(
0? Cco09
{
)
{

il

————

If ‘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 norma! operation, the blast causes a processor check which is subsequently
reset by POR or the Reset key, or via an 1/O 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 Qut P Check
Invalid Port Latch
D81/CBI Not Zero Chk
1/0 Time-out Check
DB! P Check

Invalid Device Assn
DBO P Check

OR
New

Channel Port

Check ) ? Checks

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,
changinq 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 Cause

0 Data bus out  Wrong parity was sensed by an

parity check attachment on the DBO bus
(MPXPO bus out).
1 Incorrect The port put'an address on the DBO

device bus (MPXPO bus out), but no

assigned 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).

2 Data bus in
parity check

3 1/0 time-out . The channel sensed an error in the
check normal channel sequence. This
check occurs if an attachment does
not de-activate the ‘service in’ line
in 6.4 us after the rise of the ‘service
out’ line.

4 Channel bus The 1/0 lines were not cleared
in/data bus in in time. This check is made after
not zero the "service out' line falls during

T6 time and after a byte of data is
transmitted to or from an
attachment.

5 System bus out Wrong parity was sensed on the
parity check 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.)

6 Cycle steal Any processor or port parity check

operation was sensed during a cycle steal
check " operation.
7 Incorrect port  Bits 4-7 of work register O {high

byte) were not 0000.

Check Generation

Clock Time C06
Load Port Register Instruction A
PC522
Port Sys Bus In Generated P Bit
Data Buffer P Bit Gated O
PC522
Cycle Steal Load
_A*OR
Storage Strobe
Load or Contro! Load Command
Clock Time C17 )
) PC510
Reset Port Checks
Data Buffer Bit P Gated
] OE
Port Sys Bus In Generated P Bit
Disk or Base Cycle Steal
A*OR

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

In1/0 D —
Attach-

ments

OR

Reset Port Checks

FF

Sys Bus Out P Check

cD

PC522

cD

MPXPO Data In
Parity Check (DBI P check)

)
4

)

PC522

Port Sys Bus In
Bits Gate

G

DBO -
P Check

SEL

Sys Bus in Bit 8

1

HL2p11 Port sBI Bit 14
PC506

(—L2P06 Port sBI Bit 10
PCE06

PC506

| L2ro2

Channel
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" Port Error Handling Procedures

1/0 cycle execution

DBO

parity check Yes
(device address

Set DBO parity
check bit

Set machine check
interrupt request

Control
out time-out

‘Set invalid device
address bit

Set machine check
interrupt request

parity check (on @
ense command),

Set DBI parity check

bit -

- CPU execution time |«

Set machine check
interrupt request

CP  sets machine
check interrupt
request

- No -

System
bus out parity checR
(on a load

command)

Set system bus out
parity check bit

Transfer Error

An active ‘transfer error’ line indicates to the
attachment that wrong parity was found in the
port or in the control processor.

An active ‘transfer error’ line is also used to
indicate an echo response to the adapter that
the port received the 1/0 jump met (command
bus in bit 4) and the branch will be taken by
the control processor. This enables testing of
asynchronous 1/0 device conditions with the
jump-on-1/0-condition instruction and does
not need the adapter to hold this line active
before activating the "service in’ line.

Machine Check Interrupt

Set machine check
interrupt request

parity check
(data)

Set DBO parity check

bit

Set machine check
interrupt request

|

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

|

The machine check interrupt routine is executed if a machine

check interrupt request was previously set.

System Reset

COF

POR or Reset Key

OR

S
OR R
{v]

PC516

CBI Bit 4 Lth OR
(not) CBO Bit 0 L*
| —
CBO Bit 1 — A
CBO Bit 2 OR Xfer Error Gated or JIO Echo
Machine Check Interrupt Lth :
Service In
MPXPO Data In 0-7
(not) CBI Bits 1 and 2 Zero
Command Bus In Bit 4
Multidevice Response OR
Command Bus In Bit 5
Cc02 A S FL DBI/CBI Not Zero Chk
ol :
CBO O
CBO 1
{not) CBO 2 Y B
Port Instruction I'F G Sel
COF
_ System Bus Out Bit 12 1 FL
System Bus Out Bit 13 . , 45 15, 14, 13, 12 Enable Extended Time-out
L N 4 15, 13, 13 ‘
System Bus Out Bit 14 . 8 85— 14. 13,12
R L_J,N 18 5|, 14,73, 12 [
t t
ystem Bus Out Bi T . = | 32 OR
N 64

Reset Port Checks

|
—] L2G12
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Time-out Conditions c1é

Time-out Counter l__
If the addressed device is not on the system or (not) Port Busy — +1 Reg A
if port data out (MPXPO bus out) contains bad 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 0504
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 |/0O adapters and causes a processor check. Divide-by- T~ OR
8 Counter

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 PCE04 L A FL
out. This condition is written in the port status COF Invalid Device Assgn
register and the port causes a blast condition, §
which clears all incoming data and control lines - R
and causes a machine check interrupt. Cycle Steal Latch ' ! S FF Cycle Steal Check

Disk Xfer Time _ OR CcD '

Machine Check Interrupt Latch = . c

PC504

(not) Valid Port Command ) Set Invalid Port Check

/0 Instruction I A Invalid Port Latch

(not) Any Port Instruction I— s FL

R
PC504
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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

*
(not) 4 Decode A
Go Latch OR
Run Latch

Machine Check Inter Lth

Reset Time-out

Interp Req to Run Lth

System Reset

Reset Mach Ck Int

T4—-T6 Status 2 Load

Microinterrupt Ck Trigger

Status Sel 2

Imm MOR Bits 12—15

(not) 12

13

{not) 13:

14

15

Wait Instruction

1/0 Service Request Lth

FF
1/0 Service
Request Lth
OR .
‘ s FL
R
DCD

Check Hait:

(not) Status Card 2/1

Enable Interrupts Lth

Enable Interrupts

Disable Checks

4

OR

S FL

Disable Checks

PC404
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