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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 I/O 
attachments. 

The channel has lines that go directly from the 
control processor to the I/O attachments and 
lines that go to a port and then to the I/O 
attachments. 

I~·--------Channel-----------t I 

Control 
Processor 

Port 

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

I/O 
Attach-
ments 

• 

+ System Bus Out 

+ I/O Instruction 

+ Phase A 
+ T4 through T6 

- System Bus In 

+ Storage CyCle Request 

- Advance Time 
+ Block Processor Clock 

(BPC tgr) 
- Interrupt/Cycle Steal 

LSR Decode 0-2 
- CBI Bit 4 Gated 

+ New Channel Check 

- Proc Interrupt 1, 2, 4 

+ I/O Service Request 

- Interrupt Req to Run Lth 

- Machine Check Interrupt 

+ CSY Trigger 

+ System Reset 

+T7 

- Lamp Test 

- Interface Clocks 

+ Power On Reset 

.- CSIPLCycle (latch), 

- CSIPL (load) Key' 

A-A1L2 

_9" Port l1li 9 • 
Control 

r. 5 -

.9_ ~9_ 

1- 3• ,,3. 
---1 

.3_ 

t j ~ Bits 1,4, 5 

-

_8 

- MPXPO Bus Out 

- Service In 

- Microinterrupt Request 

+ Multidevice Response 

- Base Cycle Steal Request 

- MPXPO Data In 

- Control Out Pwrd 

- Service Out Pwrd 

- Command Bus Out 0-2 

- Strobe Pwrd 

- Transfer Error (xfer error 
gated or JIO echo) 

- Disk Burst Mode Gated 

- Disk Strobe 

+ CSY Trigger 

- Disk/Dskt Block 
Processor Clock 

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

• ...... --___ .'_ 6 _ - 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 I/O attachments (I/O 
storage instructions). 

• Burst cycle steal or base cycle steal between 
control storage or main storage and the I/O 
attachments (cycle steal mode). 

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

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

• Information to the control processor from 
tested I/O conditions (jump on I/O condition 
instruction)_ 

The channel supplies the necessary controls to 
support the following: 

• I/O instructions (immediate, storage, and 
jump) 

• Interrupts (five levels) 

• Burst cycle steal (disk or diskette) 

• Base cycle steal (work stations) 

• Initial program load 

• Error detection 

Channel 5-1 



I/O Instructions 

Processing Unit Storage Link to I/O 
Attachments 

I/O 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 I/O attachments. Data can either be 
read from storage and moved to the I/O 
attachments or read from the I/O attachments 
and written into storage. 

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

o 1 0 0 Modifier o W C D V Reg 2 

o 34 78 910111213 15 

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

CPU I Channel 
WRO Low I Port Data 

l~~~~eessl 0000 J I Buffer 

8 1112 15 I 

I 
I 
1 

MPXPO 1 L L ...... -' 

\1 
'I 

Bus Out 1 Jill .. 
~ - ..... --IIIIII-I"'~1 

I 
System 11 
Bus II 

J:
l : Out II 

\ J I 

Decode 
Bits 8-12 

1 

1 

1 

CBO I 
Command I 

I 
I 
I 

-III.. 

Send Data Byte to Attachment/Receive Data Byte from Attachment 

CPU I Channel I 
I Port Data 

1 Buffer 
I MPXPO 1 

Main or SBO J .... Bus Out 1 ..lII.. 
Control I .. MPXPOI 

,.. 
Storage 

~SBI I ... Data InJ 

1 ... I I .... 
1 

LSR 1 1 

~! 
1 

1 

1 

Op ~odlo we DV Reg 1 1 

0100 2 1 I 
I 1 

Attachment 

Attachment 

Control Processor Local Storage Register 
Link to I/O Attachments 

I/O Immediate (tOL, 10CL, lOS, 10CS, S/LSB) 

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 I/O 
instruction fields. The channel gates data to or 
from the control processor local storage 
register~ the port, and the I/O attachments. 
The I/O immediate ins1:ructionthat perforrns 
this function includes several commands that 
are described here. 

101 1 Modifier Function H2 Reg 2 

o 3 4 7 8 11 12 13 15 

The I/O immediate instruction has four main 
functions: 

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

2. Directs control of the channel and the I/O 
functions that mayor 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/O immediate command are: 

• I/O Load-Moves the data from the local 
storage register to the I/O attachment. 

• I/O Sense-Moves the data from the I/O 
attachment to the local storage register. 

• I/O Control Load-Moves the contents of the 
local storage register to the I/O attachment. 

• I/O Control Sense-Moves the information 
from the I/O attachment to the local storage 
register. 

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

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

• Control Processor Sense-Moves information 
to the control processor concerning the 
status of the CE panel. address switches, 
I/O clocks, errors, and the processor 
condition register. (This instruction does not 
go to the channeL) 

The basic functions of the I/O load, I/O 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. 



I/O Load or I/O Control Load (lOL, 10CL) 

101 1 Modifier Function H2 Reg 2 

o 3 4 7 8 11 12 13 15 

This function of the I/O immediate instruction 

moves 1 byte of data or control information 
from a local storage register to an I/O 
attachment. 

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

CPU 

II 0 1 11 Modifier 1 Function I H21 Reg 21 

op~. 7 8 l 11 12 13 15 ! 
yll / \; 

I{ WRO Low I i, 

I ' ]1 System , ~~~i;eess, 0000 I Bus ,. II 

lOut I 
--r== , I I 

I II 

Send Data Byte to Attachment 

CPU 

LSRs 

I " l I I 
, / I 

...... _", 

System 

Bus Out 

I 
I 
I 
I 

,.....---.,..------,---..,.......-,-a-----wl 

SOR 

• 

I 
I 

I 
Assemble 
Address and 
Command in 
Channel 

Channel 

Function 
Field 
Decode 

Data 
Buffer 

0 

3 
4 

7 __ _ 

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

I Attachment 

I 
I 
I 

CBO 
I 
I 

CommandJ ,. 

MPXPO 
Bus 
Out 

Channel Attachment 

Data 
Buffer 

I 

MPXPO II 
Bus 

Out 

I/O Sense or I/O Control Sense (lOS, 10CS) 

1 0 1 1 Modifier Function H2 Reg 2 

o 34 78 111213 15 

Select Attachment 

CPU 

High SDR . Low 

I System I 
I Bus Out I 
I I 
\ I 
\ I ,_ ....... 

Receive Data Byte from Attachment 

CPU Channel 

This function of the I/O immediate instruction 

moves 1 byte of data or status type information 

from an I/O attachment to a local storage 
register. 

Assemble 
Address and 
Command in 
Channel 

Channe 
Function 
Field 
Decode 

eBO 

I 
I 
I 
I 
I 

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

Attachment 

Command 

I 
I 
I 

MPXPO 

Bus Out 
I 
I 

Data I 
Buffer 

Attachment 

I 
Data L 

Buffer MPXPO I 
I Data I System I . 

In ! .... Bus In I ..... 
.... 

I 
.... 

I 
I I 

I I I 
I 

, 
lect LSR I or I I I 
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Sense Interrupt Level Status Byte (SILSB) 

1 0 1 1 Modifier Function H2 Reg 2 

o 34 78 . 11 12 13 15 

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

Select Attachment 

CPU 

High SDR Low 

1 01 ~ I Modifier I Fuhction I H21 Reg 2 

t;a 1112 13 15 

I --/ "'" , \ 

I System l 
I Bus Out I 

I ! , 
J 

, 
/' 

...... -
B 11 12 15 

Interrupt Port Address 
Level 0000 

WRO Low 

Receive Status Byte from Attachment 

CPU 

System 

LSRs 
... Bus In 

Select 

tSelect LSR 
Select High or 
Low Byte 

I 

~~~Yf~ ~ '///~ /././ .. 
H2 Reg 2 

SDR 

I 
I 
I 
I 
I 
1 
~ 

I 
J 

I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I , 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

,-

Channel 

Function 
Field 
Decode 

Data 
Buffer 

Channel 

Data 
Buffer 

Attachment 

I 
Interrupt 
Level Default Bit 0 Bit 1 Bit 2 Bit 3 Bit4 BitS Bit6 Bit 7 

I 
CBO Bits 0-2 ... 0001 62EH 62EH See Note 1 

commandi 
r- 1L1 Disk 2 Data Disk 1 Data 

Fixed 
I 0010 

Interrupt 
Data 

I 
001 IL2 Comm 

Timer 

I 0011 

I IL3 

MPXPO I 0100 Unit Work 62EH - See Note 2 Printer 1 See Note 3 Bus Out I IL4 Record Station 1 Disk 2 Seek 

I 0101 
IL5 

MSP 

I Port Data I I I I Bus Out 
I 

Bits 0-3 t Send Status Byte to Channel 

I 
I 
I 

; 
Attachment 

I 
I 
I 
I 

MPXPO I 
Data In I 

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



Control Processor Jump on I/O Condition 
Link to I/O Attachments 

Jump on I/O Condition (JIO) 

The sequence of the control processor 
instructions can be changed inside a page 
boundary (256-word limit) by the 
jump-on-I/O-condition instruction. This 
instruction tests I/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 I/O 
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 I/O condition 
tested is not active, the control processor takes 
the next instruction in sequence. 

10 0 ·1 Modifier Page Address 

o 3 4 7 8 15 

Control Processor Channel 

Assemble Address and 
Command in Channel 

WRO Low 

t Device I I I 
Address 

0000 I 
I ,..-, I MPXPO 

/ " 

{ System \ I B.us 
Data Out I Bus· I 

lOut I! Buffer 

1 -, I 
I Op I Modifier 

Page II II 
Address ~ : I Com-

mand ,_/ I Decode 
I 
I 

LSRs I 
I 
I 
I 

Attachment 

Select! /0 A ttach!!,ent 
and Check for Jump 
on 1/0 Condition 

I I 
I 
I Attach-

! ment 
... 

I 
-,. 

I 
I 
I 

Command 
r 
I 

CBI 
(bit 4) 

T 
I 
I 

• 
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PORT CARD 

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

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

Port Parity 

The port normally operates in odd parity mode. 
For diagnostic purposes, the port (through an 
I/O control load) can be set to operate in even 
parity mode. In this case, data received from or 
sent to the control processor or I/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. 

8-11, 

Jump on I/O ConditionJ _ '<-__ '" 
I Function I/O Immediate· ( _\--_ ....... 
) : Decode 

Base Cycle Steal I Commands 
) 

Data Buffer 
Sys Bus Out 0 
Bits 8-15, P1 

---

I/O 
Instruction 

4 

8 

4 

Port 0 

Port Register 

o 
Device 

__ ... ~ Address/ 

T 

Data 
3 ___ _ 

4 
Commandl 
Data 
7. 

Command Bus In 0-5 

CBI Bit 4 

Port 
Checks 

Command Bus Out 0-2 

8--. 

MPXPO Bus Out Bits 0-7 

Gate 
~ ... 
~ 

_-_8 
I 

t (l I ( Service In 
\<oj --""') 'rj------""'I) 1 c 

Command Bus In 0-5 

8-_1 .. I I 
Control :Out Pwrd 

I-------------------~ (~----------------------------~4 J 
Strobe Pwrd/Service Out Pwrd 

C 
1.---..1 Port Status 1----. 

..------------------~ Port Clock .. _________________ ~ Control 

1 1 Advance Time 

-------------7-----------------------------~---------~ 1 MPXPO Data In Bits 0-7, P 

.. System Bus In Bits 8-15 

PC = Parity Check 
PG = Parity Generate 

r~ 
~ 

Clock 
Decodes 

Interrupts 

I 
MPXPO Bus Out Bit P 

3 -----\ ( 
J 

4 -----\ 
t 
) 
( 
J 

9 

~ 8 :r PC 

~-6 
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Port Clock 

The port clock generates the interface timings 
between the control processor and the I/O 
attachments. The port clock runs only for I/O 
instructions and base cycle steal operations. 
During other operations, the port clock is reset. 
When the control processor decodes an I/O 
instruction, it activates the 'I/O instruction' line 
during time T3 G; 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 XS, and the 
C1X latch. 

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

• 'Control out pwrd' line. sequence loop: 
- The port clock loops (C07, COF, COE, C06, 

and so on) while waiting for the I/O 
attachment to respond with an active 
'service in' • or 'multidevice response' 

lineO· 
The 'strobe pwrd' line «I continues to 
pulse while waiting for a response. 

- The' exit loop l' latch • is set (anded 
condition of service in, phase A, and C06) 
and stops the port clock from looping. 

- The' C 1 X' latch 0 is set by the active 
'exit loop 11th' 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 CD sequence loop: 
The port clock loops (C17, C1 F, C1 E, C16, 
and so on) while waiting for the I/O 
attachment to respond with inactive 
, service in' and inactive 'multidevice 
response' lines e •. 
The 'strobe pwrd' line. continues to 
pulse while waiting for a response. 
The' exit loop 2' latch CD 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 'C 1 X' latch • is reset by the active 
'exit loop 21th' line, and the port clock 
stops looping and continues on through 
C02 and COO times to a wait state (COO). 

Generation of Port Clock Times 

3 4 5 6 7 8 9 1011 1213 ___ BCD decode of circuit block outP\Jt 
TGR Xl 

Y N yy N N N Y Y N lon FSL page PC526. 
TGR X2 
TGR X4 yy Y N Y 

TGR X8 YY Y N N Y N N 
Y Y N N N N Clock times = 200 ns C1X Lth 
Y N Y Y Y Y N N N N 

I CO2 
Y = On C12 
N = Off C13 
Blank = Don't Care C17 

Time-out Clock 
COF 
C18 

Phase A A 
Strobe SDR High Data 

I/O Instruction 

A Strobe LS R Data 
I 

(not) Exit Loop 2 Lth IJ C06 
r-LJ 

Base Cycle Steal Lth OR 
L-

(not) Exit Loop 1 Lth A C16 

A Strobe SO R Low Data 
T3 Lth I 

TGR Xl ~ Port Busy 
TGR X2 
C1X Lth 

PC526 
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Generation of Port Triggers. 

T3 Lth .............,. 
TGR X8 
TGR X2 T OR I--

L--EJ ~ A NI8ORr--~ 
(not) Exit Loop 2 Lth . N· L..-.-

S FL TGR Xl 
(not) Exit Loop 1 Lth I A .---- C -

R 

TGR X4 r---
TGR X2 

TGR Xl OR S FL 
~ 

t- C 

I R 

r---

A S FL 
TGR X4 

TGR X2 
I.....- 4r C 

I R 

@-~ 
A I--

TGR Xl 
tNJ T 

TGR X4 

(not) Phase A Powered 
Reset Port Clock 

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

When the device responds, it places data on 
the 'MPXPO data in' lines G (indicates when 
data is moved from the I/O attachment to the 
control processor) and activates the 'service in' 
line O. 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 

i""-

A 
l.....-

OR S FL 
TGR X8 

I--- ~ C 

I R 

PC534 

T4 (select and gate LSR to channel. 8). The 
system clock continues to advance normally to 
time T6. 

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

The'strobe pwrd' line 0 is again sent for the 
I/O 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 I/O device to 
respond (or a time-out to' occur). The I/O 
device responds by taking the data off the 
'M PXPO 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 e. The port responds by 
advancing the port clock to turn off the 'service 
out pwrd' line. and then. activates the 
'advance time' line a, causing the control 
processor clock to run again to time TO. 
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Note: The'circled letters on these pages refer to 
the. previous page. 

C ycle S teal Latch 

(not) Port Instruction ~ 

Any Port Instruction A 

TGRX4 ---
C1X Latch 

(not) Exit Loop ~ Latch 

Blast Condition 

(not) Exit Loop 1 Latch 

TGRX8 

Data Buffer 0·7 
[

oandY 1 
and2and'3J 1 

Strobe LS R Data 
T2and 13 

System Bus Out 12-15 and 14 and 15" 

(not) Port Busy 

,...--

OR ~ 

~ 

0-
-

..,r-A ---- Control Out Pwrd 
OR 

I -
~ 

OR Service Out Pwrd 

~ --A 

----~ - Strobe Pwrd 
A 

----PC510 

0 

C 
PH 

C Select CBO 

0 PH 
R 

Any Port Instruction (device address = hex xO) 

PC510 

cao 

ervlce n oa S 

00 Multidevice Response 

(not) Multidevice Command 

Blast Condition 
Phase A 

C06 

C18 

(not) Port Busy 

C16 

System Reset 

PC518 

r---

~ A ~ 

OR 1.0- OR --- r--- I"'-

r A 

r-
r---

OR 
1.0-

~~ LG N A 
N f=-

~ 
"-

OR 

--

5-10 

S FL 
Exit Loop 1 Lth 

" 

R 

S FL 
Exit Loop 2 Lth CD 

R 

"""""- S FL 
C1X Lth 00 

OR R 

"'"--



Storage Function J05 . Storage Xl--Function 
S FL 

Control Storage Access J07 

£ R J 

r-- R 

1 OO-nso.sc Pwrd J04 N I 

System Reset M08 

r-LJ 
Write Stg High 

Write St9 Low 

I 
I 

IA 
I 
I 

B05 

G05 

• 

r--

'---

300-ns 
Trigger 
C FF 

CD 

R 

Write 
Trigger 
C FF 

S 
1CD 
G1 

R 
R 

150-ns 
Trigger 

C FF 

CD 

R 

R 

I--

I--

f--

Board Tie-up 

~ 
,.---
IA*o.R 

! I--

I 
'---

Storage Cycle ~ 
S FL V' 

R 

PC012 

'TGR X4 r-----

Port InstrUction A r-----

Set Invalid Port Chk -
C12 

O,R 

CO2 -
'--

A Phase A S FL Advance Time --- eG 
(not) I/O. Instruction roo-

:o.R R 
C18 

PC518 -
(not) I/O. Instruction 

(not) Cycle Steal Latch A r--

~C~06~ ______ ~ ______________ -,--- o.R~--------------------

Phase A A '--

Reset Port Clock 

(not) Any Port Instruction r-
I/O. Instruction I i.---
~~~~~--------------~ 

PC522 

(not) Advance Time 

Phase A 

(not) Valid Port Command 

(not) Port Busy 

Cycle Steal Latch 

I/O Instruction 

TGR Xl 

System Reset 

S FL ..... ___ T_3_L_th_ 0 

o.R R 

PC522 
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Data Buffer 

The data buffer is used as an intermediate 
torage register for all data that passes through s 

t 
c 
he channel and is under control of the port 
lock and channel control lines. 

Strobe SDR Hi Data 

CBI 1 Int ---
Stg Strobe Tgr A 

Disk Xfer Time l@ ~ 
I A (not) CSY Powered 

Command Bus Out Bit a I---

(not) Command .Bus Out Bit 2 A 
C13 
Port Reg I nstr Load Pulse ~ 

Command Bus Out Bit 2 ~ 

C12 A 
I..--

(not) CBI Bit 1 ~ 

Base Cycle Steal Latch A 

-
Multidevice Command A 

Load Port Reg I nstr r---

C06 A 

(not) Port Checks L-~ 
I A Select CBO 

Load Data Buffer -
Strobe LSR Data OR 

Gate 1/0 Bus "----

MPXPOData In 0-7, P 

System Bus Out Bits 8-15, P 

Load Data Buffer 
OR 

PC542 

Clock Port Reg Clock Port Reg 
OR Select CSO 

PC506 

CSO Bit 0 

CBO Bit 1 
CBO Bit 2 

5-12 

,...---
to--

A r--
Lrl-- Data 

1B~ n-= 
Buffer 

Gl Reg 
~___ G2 

Data Buffer 0·7 
a r3 
J1 2 ...... 

Data BUffer Bit P 
-1 1 

9 2 i-

2 1 
!'""--

10 2 to-

3 1 
11 2 -

4 1 
I""--

3 12 I-

5 1 
I""--

13 3 to-

6 1 

74 3 l-

~ 1 

15 3 -
P 1 

p 2 

Port 
Register 

10C0 1 Gl 
2 3 G3 

1 1 0-4 Port Register Bits 0-4 

3 
3 5·7 Port Register Bits 5·7 

3 
1·3 

PC502 



SBO Low 12 U12 
13 Sll 
14 S08 
15 S05 

Inst 
Mod 

t---__ Reg 

Bits 4-7 

PC516 

Instruction Decode 

DCD 

PC5l6 ILr--A Select Port Reg 
Any Port Instruction 
--~--------------------------------------~~ PC516 
Select Data_Buffer 
Gate Select Channel Checks' 
Channel Checks 

Port Bus 
Port Data Buffer· Bit Collector 

Gate MPXPO Data In 
Gl 
G2 
G3 

0 
~2 

Gate SSO Data 8-11 
Gate SBO Data 12-15 
SBO from System 8-15, P 

Lo- Gl 
G2 
G3 
3 

1 
.....L2 

1 1 
r-1Q... 2 

Bits 8-15 or 0-7 
.~ 2 

2 1 
r-1L 2 

3 1 
r-1L 3 

Port Register 

4 
1 

---1L 3 
1----~1 

5 
1 

..1L 3. 
6 1 

--1L 3 
7 

1 

P 
~ 2 

1 
MPXPO from I/O 0-7, P 

PC502 PC502 PC506 

• 

Port SBI 
Bit Collector 

PC506 

MPXPO Bit 
Collector 

PC506 

SBI to 
System 

MPXP.O 
to I/O 

Port Register 

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

o 1 2 3 

Scope Grid FSL 
Page 

200 ns 
I I -

T-Times T3 T3A T3B T3E 
PCll0 

C-Times 00 09 03 07 
PC526 

+Phase A PCll0 V\ V\ V\ V\ 
+1/0 Instruction PC138 

-Advance Time PC518 

PC526 
+Function Bits (SDR La) 

+Modifier Bits (SDR Hi) PC526 

+Dev Address (WRO La) PC526 

+Data (SBO La) PC230 

Port Instr PC510 

Load Data Bfr PC542 

Clock Port Reg PC506 

>---

I---
r--

t--

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

" 

4 5 6 7 8 9 10 

4 5 6 0 

OF OE 06 00 

~ V\ V\, V\, V\ V\ V\ 

I--

~ 
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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 a 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 0, 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 

Microinterrupt Request 1 

System Reset 

Disk Burst Mode Gated 

(not) Expanded Cycle Trigger 

Level 2 Interrupt 

Microinterrupt Request 3 

Level 4 Interrupt 

Level 5 Interrupt Internal 

System Unit Lamp Test 

Machine Check Interrupt Lth 

Enable Interrupts 

(not) Run Latch 

Phase A 

T3 and Phase A 

Trigger X8 

CSY Trigger to Channel 

T7 Pwrd 

'--

L 
r--

L 
r--

L 
[ 

~ 
~ 

t-j 
~ 
~ 

CD PH 

-C 

R 

CD 
PH 

"'--C I----

OR R 

CD 
PH 

4~C """""-

OR R 

--0 
. CD PH 

...-C ---, 

OR R 

CD 
PH 

...--C 

OR R 

A*OR 
PC532 -

5-14 

- / 0---i OR*A 

* Irpt/CS LSR. pecode 0 

.....--

! OR*A ..-
Irpt/CS LSR Decode 1 

OR*A 

Irpt/CS LSR Decode 2 
N 

~r-f J 
CS/LSR Proc. Interrupt 
Decode Lights 

2 1 0 4 2 1 I nterrupt Level/Cycle Steal 

.... f.- OR 
Interrupt Req to Run Lth 

0 0 0 1 1 1 o (machine check) 
0 1 0 a a 1 1 or Burst cycle steal 
0 1 1 a 1 0 2 
1 0 0 a 1 1 3 
1 1 0 1 a a 4 or Base cycle steal 
1 1 1 1 a 1 5 
0 0 0 a a a Main level 

t Proc Interrupt 4 -
OR 

~ 

- Proc Interrupt 2 
OR 

Proc I nterru pt 1 
OR 



Command Bus Out Decode 

Control processor instructions to the I/O 
attachment are decoded from the 'system bus 
out (low)' lines and then sent to the I/O 
attachment as a command on the' com'mand 
bus out' lines. The commands are decoded as 
follows: 

• I/O immediate instruction 

I/O load (lOll 
I/O sense (lOS) 
I/O control load (lOCl) 
I/O control sense (IOCS) 
Sense interrupt level status byte (SI lSB) 

• I/O storage instruction 

I/O store to control storage (RDCl, RDCH) 
I/O load from control storage (WTCl, WTCH) 
I/O store to main storage (ROM) 
I/O load from main storage (WTM) 

Bits 
8-11 

0000 
0100 
1000 
1100 
0101 

Bits 
8-11 

011X 
001X 
010X 
OOOX 

CBO 
0-2 

100 
101 
110 
111 
001 

CBO 
0-2 

100 
101 
100 
101 

Note: These instructions have the same command to the I/O attachment as a load or sense in 
the I/O immediate instruction. 

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

- The op code is decoded as a jump·on-I/O·condition 
command and sent to the I/O a~tachment. 

Bits 
8-11 

0011 

• 

CBO 
0-2 

011 

U13 1 System Bus Out Bit 8 

Port Clock = 545 U12 : System Bus Out Bit 11 - I 

Phase A 009 1 A 
Strobe SOR Hi Data 

--_ .. _-- - -----' (not) New Base Chan Busy I/O Instruction J05 : --- (not) Cycle Steal latch 
(not) Multidevice Command 

4~~ 

A Strobe SO R lo Data 
T3 latch 

'--

,--r---
Cycle Steal latch 

Strobe lSR Data - A Port Clock = 11 
"'---

I System Bus Out Bit 9 
S09 1 

~ -A f---

'-- I 
I 

~ 

A -
""'--

--

JIO 
PH 

CD 
C 

R 

~rL 
r---

OR 

'--

PH ~r0=---c 
~A 

-"'---

CD PH 
C 

- R 

S 
PH C 

CD 

R 

PC542 

CBOO -t J12 

CBO 1 , S06 

CB02 
1S04 
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CONTROL PROCESSOR/PORT 
CONTROLS 

Port to Control Processor Lines 

System Bus In-Nine Lines 

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

Storage Cycle Request-One Line 

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

Advance Time-One Line 

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

~,v.:;;" ?rocessor Clock CBPe Tgr)-One Line 

This signal comes from the port and stops the 
control processor from processing instructions 
so 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 
o:,lection bits 0, 1, and 2 during instruction and 

':;ycle steal processing. This permits selection of 
one of the five groups of registers assigned to 
microinterrupts and cycle steals. 

eBI 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-I/O-condition instruction is met. 

• Parity on the' M PXPO data in' lines is to be 
ignored. 

BPC Tgr B07 t------1 

Command Bus In 4 J13 

C12 

New Base Chan Busy R 

PC510 

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 r---

Invalid Port Latch OR 

DBI/CBI Not Zero Chk 

1/0 Time-out Check 

DB I P Check 

Invalid Device Assn 

DBO P Check 
'"-

PC506 

Proc Interrupt 1, 2, 4-Three Lines 

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

I/O 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. 

G04 Command Bus In Bit 4 Gated 

Channel Check f 
1 }--1 J07 New Port Checks 

Control Processor to Port Lines 

T4 Through T6-0ne Line 

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

System ,Bus Out-Nine Lines 

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

I/O Instruction-One Line 

This line is active during a jump on I/O 
condition, I/O storage, or I/O 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 pe'er on 
reset condition or when the Reset swi~~::)n tL.::; 
CE panei is pressed. It is also activated IIlthen 
the Load switch on the operator pan~l is 
pressed. This reset is active lor a~ IUII{,j '-h 

either switch is pressed. 

T7-0ne Line 

This line signals the port that the control 
processor is in a wait state. The control 
processor can process a cvcle ste::ll or intprn lot 

request during this time. 

Lamp Test-One Line 

This signal is generated at the CE panel LInd tl. 

channel activates the interrupt LED circuits. 



PORT/ATTACHMENT ·CONTROLS 

.. Port to Attachment Lines 

MPXPO Bus Out-Nine Lines 

These lines are used to transmit to the 
attachment: 

• Device address / modifier bits 

• Microinterrupt level/modifier bits 

• Cycle steal acknowledge codes 

• Control processor/storage data 

• Port echoes during I/O 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 o~t pwrd' ('service out pwrd') line is 
made active by the port until the I/O 
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 I 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-an-I /O-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' M PXPO bus out' and 'command bus out' 
lines is valid and has been deskewed by the 
interface. 

Once the I/O attachment makes the 'service in' 
line not active, the ' M PXPO 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 I/O 
attachment, the' service out pwrd' line signals 
the ~ttachment 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 I/O 
attachment, the' service out pwrd' line signals 
the attachment that the 'M PXPO bus out' line 
contains valid data and can now be strobed. 
Once the I/O device attachment de-activates 
the 'service in' line, the 'MPXPO bus out' lines 
should no longer be strobed. 

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

• 

Command Bus Out 0, 1, 2-Three Lines 

The 'command bus out' lines are valid at the 
interface from the rise of the' control out pwrd' 
line until the fall of the 'service out pwrd' line at 
the port. The' command bus out' line, together 
with the' control out pwrd' line, indicates which 
. data is on the ' M PXPO 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 

o 0 

010 

o 1 1 

100 

1 0 1 

1 1 0 

111 

Not used. 

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

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

Jump-The control processor jumps if 
the I/O attachment responds with 
the jump on I/O condition met. 

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

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

Control Load-Data is gated from the 
control processor LSR. 

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 "ot rely on 
these times, but on the sequence of these 
signals. This is a pulse that comes on 200 
nanoseconds after the' control out 
pwrd' /' service out pwrd' lines and pulses with 
a cycle of 800 nanoseconds and a length of 
400 nanoseconds. This pulse de-activates after ' 
the rise/fall of the last 'service in' or 
'multidevice response' line. A full pulse width 
is maintained. This pulse will rely on the device 
usage as follows: 
1. If the device uses this line to generate the 

'service in' line, the system will operate in a 
synchronized mode. 

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

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

Transfer Error-One Line 

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

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

A jump on I/O 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 I/O 
attachment conditions with the 
jump-on-I/O-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 (timeT7 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 
CI disk storage cycle with a length of 100-230 
nanoseconds. On a storage-to-disk operation 
(CBI bit 1 active), data is valid at the disk 
attachment approximately 50 nanoseconds after 
the trailing edge of the 'CSY trigger' signal and 
should remain valid until the next disk storage 
cycle or until the' disk/ dskt block processor 
clock' line de-activates. 

CSY Trigger-One Line 

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

Channel 5·17 



Attachment to Port Lines 

MPXPO Data In-Nine Lines 

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

A parity bit is generated by the attachment to 
maintain odd parity for I/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 stea\' 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 I/O sense or cycle steal sense 
operation, when the parity is valid, the port 
, M PXPO . data in' lines must be held stable from 
the rise of the ' service in' line, when activated 
by the attachment, until the rise of the 'service 
out pwrd' line. 

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

Service In-One Line 

All Operations 

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

When the attachment de-activates the' service 
in' line, it should no longer sample the 'MPXPO 
bus out' lines. The I/O 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 
(a\l 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 I/O 
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 I/O sense, I/O control sense, and 
jump on I/O condition commands; on these 
commands, all lines must be removed by the 
I/O 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 I/O 
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 I/O 
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 I/O 
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 I/O load or I/O control . 
load function before de-activating the 'service 
in' line. Removal of an active request should 
follow the rules for degating port data and 
command lines. 

Multidevice Response-One Line 

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

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

Base Cycle Steal Request-One Line (Per 
Device) 

A 'base cycle steal request' line supports an 
I/O attachment that has cycle steal ability and 
is connected to the port. 

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

Disk/Dskt Block Processor Clock-One Line 

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

Disk/Dskt (Load) BC Req-One Line 

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

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

Bits 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 ' M PXPO data in' lines 
contain valid parity during a sense command, or 
that the jump on I/O 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 O. This bit also controls the address 
update. Bit 5 indicates that the device has 
detected invalid parity on the 'MPXPO bus out' 
lines. 

Bits 
o 1 

o 0 
o 1 
1 0 
1 1 

234 5 

o 0 
o 1 
1 0 
1 1 

'Cvcle steal sense-No increment address 
, Cvcle steal load-No increment address 
'Cvcle steal sense-Increment address 
'evcle steal load-Increment address 
'Cvcle steal LSR select 0 
'eyele steal LSR select 1 
'evcle steal tSR select 2 
'eyele steal LSR select 3 
Control storage/MPXPO data in has invalid 

parity or jump on I/O condition met 
MPXPO data out parity check 

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

Direct Lines- Control 
Processor/Attachments 

Power On Reset-One Line 

5-18 

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 I/O 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 (lPL) sequence. 

Interface Clock Times-Eight Lines 

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

• 100 ns 

• 1 f.Ls 

• 4 JLs 

• 512 f.Ls 

• 1.02 ms 

• 16.38 ms 

• 131.1 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. 

Disk Support Timing 

Control Processor Cycles 

Disk/Dskt Block Processor Clock 

Disk Burst Mode Request 

Disk/Dskt (Load) BC Reql 

. CSY Trigger 

Command Bus In 

MPXPO Data In 

Data Out Val id to Disk 

1 BC = Burst Cycle 

Disk Support Lines 

Base Cycle Steal L t h . a c 

T7 
Disk/Dskt Block Processor Clock 

System Reset 

Phase A 

Base Cycle Steal Request 

(not) Machine Check Interrupt 

CSY Trigger 

When time T7 and the 'disk burst mode gated' 
line. are both active, the disk attachment 
activates the' disk/ dskt (load) Be 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 

.' fiJI 

-

• 

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 
diC)gnostic diskettes. 

Eh=~ 
Disk Burst Mode Gated 

1 , 
B10 r- S FL 

~. 
I 

l@-
OR 

----- R 

!""'-
PC534 

r-- OR Latched 
!""'-

A 
"""--

A S 
FL Block Processor Clock (BPC tgr) I - I B07 

----- I~ 
R 

FF PC508 

CD -
0 Disk Strobe I C A I 

R -
D11 

8 PC508 

Stg Strobe Trigger r--

(DL A S FL !""'-

(2)L OR 
Disk Transfer Time 

0- ---r-- 1 -
- 0....-

A R 

--- PC508 
Test 5 Channel CD 

I ~ 

Storage Cycle Request 
Disk/Dskt (Load) BC Re~ A*OR I A I - I 

A 
! CD FF -

G04 

Expanded Cycle Steal Req - C -Expanded Cycle Tgr '---
A S 

C12 
- R 

- - R 

• 



Burst Cycle ·Steal Mode (Operation~1 Sequence) 

Disk/Dskt Block Processor 
D Clock 

fJ CP Clks Active 

II T7 Pwrd 

II Disk/Dskt (load) Be Req 

II Disk Burst Mode Gated 

II Storage Cycle Req 

IJ Clock SAR and X Reg (T8) 

II CSy Trigger 

III Storage Strobe Tgr 

If) Strobe Pwrd 

EI Read/Write & LSR Select 

III Sys Bus Out Data Valid! 

pe508 

PC142 

PC030 

PC508 

PC510 

PC230 

ll----------=~---r 

If-------~ 

If-------~4 

l~~------~~~ 

If-----------r~~~ 

ll----~~~~~~rT~-----rrl-r~ 

If------------~~~ 
1m Sys Bus In Data Valid 2 

l~--------~--~--·-,.--------;.~~----
! Data is moved from the control processor to the disk. 
2 Data is moved "to the control processor from the disk. 

Board Tiedown U12 

+ Storage Bus Bit Lo P J12 
+ Storage Bus Bit 15 Jl1 

14 612 

13 P02 
12 M03 
11 G11 

10 G10 
9 MIl2 
8 J13 

+ Stc..age Bus Bit Hi P G13 
+ Storage Bus Bit 7 G09 

6 P06 
5 M«J6 
4 J10 

~9 

W 

9 

'~ 
M05 

P04 
M04 
P05 

-t, CSV Tg.- New J09 
+ Reset SOR Hi P07 

- Svs Blis In Bit P BOO 

lID 

15 Ml0 
14 Ml 3 
13 MOl! 

7 

i 

12 MO 
11 MOO 
10 Ml 

9 M12 
8 P09 

9 

-

I 
J .. 

CP Data Flow Card A-A 1 H2 

• 

L , • 
Parity 

SDR Hi SDR La 

r 
I -.1_ -'J ., , 

Parity 

Stg Gt 1 StgGt 

Hi 

I I 
La 

~ .' • 1 Driver I I I 

• II 2 Fl '"~.I rF '~Oql Ir=1 X Hi Reg I $xct II 
2 

-'-11~+5V • • 

-t Stg Gt Hi Bit 0 Fixed GOO 

+ Stg Gt Hi $el Bit 1 GOB 

+ StQ Gl Lo Bit 0 D06 
Stg Gt Lo Bit 1 

1 
BoardTieup 

Board Tleup 3 

-I- T3 and Phase A Pl0 
~+5V 

II + Clock. SAR and X Reg P11 

+ Special Sys Rst J07 

- Select Stg Gate Data P12 

+ ALU Func Bit 0 B03 
1 01 0 
2 D09 

1 

1 

1 
4 

7~ 
3, B09 

f-Cc:rrv In SO 

~ \ 3 -I ALU Gate Hi/Lo Sel 0 G04 
1 GOG 
2 ;1 

2 -I 16 Bit ALU Operation GO 

.. LSR Address Bit;) 

1 
U06 

1 

6 II 2 
U05 
S05 

3 P13 
5 S06 

+- New LSR Addr Bit 4 S03 

I 
I~ 

~ I 1 

+ Storage Bus Bit 0 Jl 
1 PO ~ I 9 

2 J13 

:/ 
3 P09 
4 Gl 

G1 
M04 

7 WI 
GOO 

• Srorage Bus Bit 8 ;11 2 9 _ 

~ 

10 P02 
11 J12 

LI.~. MIl 
13 P04 

P05 
15 MO 

+ Storage Bus Bit Lo P 
5 

~ r-2------4 
'1 2 

-t 100 ns Osc Pwrd- J06 

+ Special SYs Rst 513 

- Run latch oeo Ml II +' Storage Cycle Request PTO 

+ Branch Cond Met 007 
~ 1 

- Command Bus in Bir 4 Gated 1 

.~ + BPe Tgr G03 

- CRI Bit 1 Cycle Steal Read SOB 

- CSI Bit 0 Cycle Steal Incr 506 

+ Mode Selet:tor Sw Bit 1 J04 
2 J02 
3 J05 

; - Control Storage Sw DOG 

+ Carry Log PeR Bit 4 B12 

-I CSY Tgr New XJ1 
- Advance Time from Channel MOB 

INT/CS LSR ()e(:Ode 0 511 
1 S10 
2 U13 

.. Address Switch 3-4 Bit 2 MI2 
+ Address Switch 3-4 Bit 3 S04 

+ Me Interrupt Llh U12 
- New CSIPL Cyde P13 

- CBI.Bit 2 Cycle Steal Adr Set 0 Pl' 
- CDI Bit 3 Cycle Steal Adr Set 1 M09 

1 

L 3 

11 

l 1 

l 2 
I 

3 

2 

I 4 

I 

L....i Driver 
~ 

T11T2 ,-

1-- ....... 

I 

• • r • .. .. L Carry 

I 
ALU Hi ALU La ,..---

I La _r --+ 

I ~ ... 
I 

• • Parity t+ 
LJ All Ones Low 

ALUGt La ALUGt Hi 

I 'I r 
1 r~ 

CP System Control Card A·A1G2 

~ II ALU 

~ 
MOR II ~ Bits 

~ 
I I--

l 
=.J 

II 

frl 
T 

Times 

~ 
~ 5tg 

Gate 
Bits 

~ 
~ Control 

Storage 
Access 

~ 

~ I 
ALU 
Gate 

...=: HilLa 
Write 

~ 

~'---r--

Carry in 

Clock 
5AR r-h 

C IL 
Clock C5 
Write LSR 

r' HilLo -

~ Clock 
S19 I---

Gate 

r Check 

11 
~ -

LSR 
Address 

~ Status 
Select 

r-+ 

LSR 

1 
.IJ6 +SDR PCheck 

1 
G05 + S19 Gate HI Gen P Bit. Test Pin 

2 I 002 + Stg Gate P Check. 

l' Ull + Stg Gate Low Gen P Bit, Test Pin 

2 I BOIl + Sys Bus Out Low Pl 

004 + Sys Bus Out Low P2 I' 

-4 
U02 + Sys Bus Out SilS 
U04 9 
S02 
SII4 
UII9 
UtO 
S08 
S10 

II 
10 

11 
12 
13 
14 
15 

j 
Hi 

I+-

~ 

. 

I 

1 
B02 + Ply Predict Cany Out Hi. Test Pin 

1 
J05 • Data 4 

1 
S09 +ALUEmw 

~ 013 + ALU Zero 
J02 ... Carty or 0rII5 

9 

4 

2 

1 

1 

1 

1 

5 

1 

1 

3 

3 

1 

3 

1 

3 

1 

1 

2 

5 

3 

2 

012 +Sys8usOuIBitO 
007 1 
812 2 
1106 3 
1107 
1105 
811 
IJO!i 

B10 + Sys Bus Out Hi Bit P 

J 011 +ALUFunc8itO 
010 1 
Jl0 I .m , l1li6 - CIoded MaR P C .. ..,k -, IJO!i .sen.e/loadMSP R~ 

,. 
+ T4TIvu T6 

Bli2 +T1Pwrd II 
SO!J *_A 

-, 

J B03 + Stg Gt Hi Bit 0 Fixed 
UIO +RaetSDR Hi 

I 
009 +SIg Gate Hi 5eI Bit 1 

807 +StgGateLoBitO 
B05 +Stg Gate l.o Bit 1 

-l + Control Storage Access 

I 

813 + Single Cycle 

GUS +AWGateHi/LoSeiO 
Gl0 1 
810 

B09 .. Write Stg Hi 
D02 +WriteStg Lo 
D12 + 16 Bit ALU ()peration 

M01 + I/O IlI$bUClion 

1110 - Storage Function 
U)9 - Select Storage Gate Data 

+Canyin 

+ Clock SAR and X Reg II 

I' ~ =::::!:~ II I; _ - Clock ALU Gate Check Tgr 

S07 ... T5 Not Display Storage 

II GIM + Status Card 2/1 

S03 ... New l.SR Addr Bit 4 Ii 
U06 + LSR Address Bit 0 
M13 1 
P12 
U05 
S02 

II 
GOB -+StatusSelO 
U04 1 
S05 

I, 
'I' 

001 ... Sti11U5 Function 0 

U02 1 



PortO 

8-11 

Command Bus Out 0-2 Command Bus Out 

Disk Strobe 

IJ _T7_Pw_rd ___ --! 

II 

MPXPO Bus Out BitS~": 

1----.... B 

( '( Service In 
'r--------11 j 

Command Bus In 0-5 

I I 
Control Out Pwrd 

Strobe Pwrd/Service Out Pwrd 

I L 
MPXPO SU5 Out Bit P 

Disk Burst Mode Gated ( 

tCSY Trigger 
Disk Block 

Processor Clock 

Command 
Bus In 

Disk Burst Cycle Request 

I 

Disk Attachment 

1---+1 Command 
Oepode 

~--------\ I~-------I S 

Cycle 

Steal 

~--------\ I~-----I R, 

~~I'r--:,; - Interrupt 

Level 
i ~::aln ~ _______ ~ Status 

T ffir 
.. D;;;a.;;;ta.;,8u;;;S.;,ln~ __ ~ Assembler _ MPXPO Data In Bits 0-7, P ..... 

mI ,System Bus In B;ts8-1,5-----~~;,,;;;;:;;.;;;-;.;:;.;.;.;.-~~~P~G:"---------: ---l' :: L-____ --' 

PC..:; Parity Oleck 8 
PG = ParitY Generate 

- 8.19 ms Clock 513 
- Microinterrupt Request 4 802 

_ Interrupt Le\lel 5 Req J06 

tSys Bus Out Bit8 U13 
9 S09 

10 U06 
11 U07 
12 U12 
13 511 
14 508 
15 S05 

+ Sys Bus Out Low Pl 507 

No. Used D13 

+ I/O Instruction JJ5 

+ System Reset 007 

II :, T7 Pwrd B06 

+ Multidevice Response M03 

- MPXPO Da.a In 0 Ul0 
1 U05 

un 
512 

4 510 
Uoo 
U04 

7 U02 
P 503 

- Command 8us In 4 J13 

- Command Bus In 5 Gl1 

- Service In BOO 

- CBI Bit 1 Cycle Steal Read 502 

- eSI Bit 2 Cvcle Steal Adr Set 0 012 

1I:-DiSk/Dskt(LOadl BC Req J11 

111- OisklOskt Block Processor Clock J04 
- Base Cycle Steal Request G13 

+ Me Interrupt Un 813 

+ Phase A 009 

II + CSY Tgr to Channel G07 
- POR or Reset Key Gl0 

- Microinterrupt Request 1 804 

2 B03 
3 002 

- System Unit Lamp Test D06 
+ Enable Interrupt G02 
- Run Latch OCD J09 
+ T3 and Phase A BOS 

- Board Tiedown 3 .102 

Not Used G05 
Not Used J10 

L 
1 

I 
l 

I::} 

- MSP C'ocks Stepped JOO 

16K Jumper = 0 and 1 

<> 

+ System Unit Lamp Test U06 

+ Sys Bus Out Hi Bit 0 M07 

1 P07 
2 Jl0 
3 D13 
4 803 

B02 
Ul1 

7 S09 
P 513 

... Svs 8us Out Lo Bit 8 P10 

9 MID 
10 502 
11 S04 
12 UOO 
13 P12 
14 SOB 
15 510 
PI 511 

Jumper 16K 

Jumper pin 

O 0 0 loc.,;on 

•••• •••• o 1 2 3 

II + Clock SAR and X Reg S07 

I 

L 1 , 
L 1 , 

9 

~ 

1 

1 

:1 
+ MS CSY Tgr Signal G03 
+ T5 Not Display Stg 002 

+ SenseI Load MS~ Registers 004 

3 

I 
+ Control Storage Access J07 1 

- Storage Function J05 1 

- Check Run Switch GOO 2 
+ Write 5tg Hi 805 

1 
" 

+ Write Stg Lo G05 

+ 100 ns Osc Pwrd J04 , 1 

L 2 
'r 

+ MSP Write Main Storage 012 

+ 1/0 Instruction U04 

+ Phase A G12 1 

+Oata4 J11 
+ BPCTgr P05 

- Processor Check 812 6 
- POR or Reset Key J12 

- Load Key Pressed Int P02 
- Load Key Released J09 

f--=-

~ 

I 

I 

CP Port Card A-A 1 L2 

2 

3 
Function 

4 B-ll Decode 
Command 

r--

t 1 

Port Register 

Data Buffer Device 
4 0-3 0 4 Address/ 

4 B-ll r- Data 
Device 

'----- Address/ I"-
1----

Data 
5 .... CBO/ 

r Data .-- 3 1-----

~n 2 4 

4 12-15 
Modifierl to-Data 

L Po" Ch~" '" 

4 4-7,P 

7 ~ 
2 Register 

l-Cl l .1 

2 Cycle 

9 Steal 

I 5 DI ,.. Port L Control 

Port Status 
2 
9 .... Port Clock 

2 Control 

5 

t 1 

5 

10 

2 

CP Storage Control Card A-A 1 F2 

MSP 
Run 

L 
Indicator 

8 Display 

SBO ..... Bits 

15 

SAR 

0 

~ 
Parity 
Gen 

rl Address 
and 

15 SAR 
Checking .--. 

0 

51 

Card 
Select 

~ 
r 

Storage Cycle 

I Storage 
Clock 150 ns 

r 
~ 
~ Main Stg 

OpTgr 

LJ + Syslem Reset 

Sys 
Rst 

I 

Gate 

t 

I J 

Clock 8 Decodes 

Interrupts 

~ t 

Bit2 

CSY 
Tgr 

I 
r-;=: 100 ns 

Osc 

1/0 
Control 
Sense 

3 

8 

8 

1 

1 

1 

1 

5 

3 

3 

4 

1 

1 

I 

I 

I 

I 

I 
I 
1 

1 

'I 
1 

I 
-I 

1 

9 

J12 - Command Bus Out Bit 0 
506 
504 

M02 - MPXPO Bus Out Bit 0 

M04 1 
M05 
MOO 
M07 
MOO 
MOO 
MIa 

P02 -SV5BuslnBit8 
P04 9 
P05 10 
P06 
POO 
PIa 
Pl1 
P13 

11 
12 
13 
14 
15 

J07 + New Channel 0Ieck. 

M 12 - Control Out Pwrd 

e07 + epCTgr 

5 
6 

G04 - Command Bus In Bit 4 Gated 

~~~ ;~::=R_ II 
G 12 - Xfer E"or Gated or Jl0 Echo 
MIl - Service Out ...... d . 
M13 - Strobe Pwrd II 

GOO Advance TIme from Olannel 
P07 - Svs 8us In Bit P 
P12 - MPXPO Ous Out Bit P 

OIl -INT/CSLSRDemdeO 
GOO 1 
B12 2 

010 + Interrupt Heq to Run Lth 
004 - Proc Interrupt 1 
005 2 
80S 4 

BID - Disk Burst __ • 

GOO Not Used 

I U05 - MSP R .... I...-_ 

M03 - Di"""" sao Bit 8 
512 9 
M09 10 
P09 
GOO 
Gl0 
Gll 
G13 
M02 

U07 +SAR 8it6 
M12 7 

U'O 
SOli 

11 
12 
13 
14 
15 

10 P13 
M13 
P06 
U12 
U13 
MIl 

10 
11 
12 
13 
14 
15 

~ 

2 .1 
I 

10 

4 I 
I 

1 
'I 

2 1 
I 

3 j 
1 

I 

.1 

5 J 
I 

010 -CtIStgAdtl ... CIIk 
D09 - C,I Stg SAR P Chk 

Bl1 + Can! _0-16K CS 
S05 Not Used 
810 Not Used 

G02 No' Used 
B13 +CSXl 
808 +CSX 2 
807 +CSX 3 
806 +CSX4 

Dll +CSV 1 
007 +CSV2 

~; ~ : ~~ ~: :-Channel II 
GOO + _te MSP Regisb!t' 

.102 +8K G ....... _ 

POll -+ 100 AS as.: fWrd 

D05 +CSWritf!PuIso! High 
006. + CS Write Pulse Low 

U02 - A-..:e Clock From Channel 
BOO + Write MainS_ 
GD4 + cp g""k SAR Gated 

G01 +MainStgOpTgr 

MOO +S __ 

S03 -_CS1PLCyde 
.- -CSIPLC\Ide 
B04 -~I_ 
MII5 -T.--CiomIIIete 
M04 + SpocioI Sys Rst. 

-N 
..0 

• 



Base Cycle Steal Mode 

Data can be moved between storage and a 
device attached to the port by the base cycle 
steal mode of operation. The port and I/O 
attachment use a timing sequence to move data 
as shown below. One byte of data is moved for 
each request. The cycle rate relies on the I/O 
attachment and the condition of the higher 
priority needs (burst cycle steal or interrupt level 
1) of the system. The maximum possible data 
cycle rate is 1 byte per 3.5 microseconds. This 
mode has a system priority less than burst 
cycle steal' mode but can be of any lower 
priority under I/O attachment control. 

The work station attachment uses the base 
cycle steal mode of operation to move data 
from the control processor to the work stations. 

Base Cycle Steal Mode (Operational Sequence) 

Board Tiedown U12 

-+ Storage Bus BIt La P J12 
+ Storage Bus Bit 15 Jl1 

14 G12 
,13 P02 
12 MOJ 
11 Gll 
10 Gl0 

9 M02 
8 J13 

+ Storage Bus Bit Hi P G13 

+ Storage Bus Bit 7 GOO 
6 P06 
5 M06 

Jl0 
M05 

l -==- 9 

---.J 
~ 

9 

• 
SDR Hi 

FSL, 
p... ' 

C Times (port clock) ~W{ ~ ~ C ~ C ~ g ~ g ~ g ~ ~ ~ ~ C ~ ~ ~ ~ ~ ~ ~ ~ r ! c r r r r r ! ! r ; c c C ~ 
T3Lth 

• Base Cycle Steal Request· CHOO9 ----"'\----l\,r-' ==;::::: ___ -;~N:;;o'~el::..--~"""--------------~'"----.,.,r_--
\..' ~ (~j \ 

fJ Blo<k P,.",,, •• Clock IBPCr,,' PC508 ~\-I----''1\---I\~----JI~lj----------------1\\,r_----I-)--:rt.:>. 

II T7Pw,d PCllO -----_ ~_(I\)f===='~'1\fJI-------T\----S\I-----------~s~--~I---I+--4 ( 
.. Base Cycle Mode (bas.e cycle Sleallth) PC534 \{ eel ( \ \ \ \ j ) _J'N.te1l 

IJ 1 'Note2t" r.---> ( ) Jr ( ::1 II Control Out Pwrd PC510 

::: ______ ~\,r_--~~/-----,~~,~~~\~)~/L-----r~'Nm-~-21-,-~1}~-~\~~~~I-lID Strobe Pwrd 

mSe~~eOutPvad " / "( / :: \ ) ) 

IBS'o<ageCyde Request PC50B --------lIJ,r-----t/ ______ ~;:\_+_I-~~ \,----....._~+\ __ --\",\__---;-_I_-

III Servic~ In· 

\ I » \ J" lEI Clock SAR and X Reg (T8 time) PC142 \ r-< I 
lEI sr~~=:~:~~n~::::~;· PC012 ---------1;\-)-I/I----------...J\:I-:-\t----~----,'l_j-----" "\__-----jl!....---
IIiI CSY Togge. to Ch,nnel PCOJO ---------1\,\-)-t------------...J\r-IIt-J----~-)./(_-----,,::\__---___,ll----
II Command Bu,ln ICBII Valid" \ :: ) I Li I) 1 
II MPXPO Bus Out :: III .. I 

~ ------------~~;~--~-------I(C~S~~~'~~~~~~~~'u~"r---t I-----.----~f\~.[~~~~-------i,,~-------+_\'L------
II MPXPO Data In Val;d (;1 appl;cable)" \) \ L 

II Command Bus Our leBO) PC542 _______ ~\----~"-..---------\~Jl~'I--------------_\iIL\__-___ \~"" ()I 

Note;: 

1. This example shows only one base cvcle steal occurring. The entire handshaking sequence would occur again if 'base &yde steal 
request' remained active beyond the time shown (provKtecl no disk cyde steals were requested). 

2. If the I/O device responds to 'control out pwrd' and 'service out pwrd' in synchronous operation, only one strobe will oa:ur 
under each tag line. Otherwise. up to 7 strobes may occur in each portion of the !i&pJenc.e for asynchronous operation. If 8 
strobes occur, a time-out occurs and a blast is generated. 

"Signifies signals for the device attachment to the base port card. 

·"The 'storage cycfe time' consiits of the time for loading the storage address register" (Tat. the time for accessing storage 
{X CSV Tgr •• and a time for storing data to the 110 attachment. 

CP Data Flow Card A-A1H2 

• , 
Parity 

5DR Lo 

I 
1 

.J)6 + SDR P Check 

1 

-- G05 + Stg Gate Hi Gen P Bit. Test Pin 

2 P04 
M04 
POS IE J ., 1 J .J , 

1 

t-- 1 
+ C$Y Tgr New Jog 
-+ Reset SDR Hi P07 

- Sys Bus In Bit P BOO 
15 Ml0 
14 M13 

13 MOB 9 
12 MO 7 
11 MOO 

10 Ml 1 
9 M12 
8 P09 

+ 5t9 Gt Hi Bit 0 FiKed GO 31 2 

!I + S.g Gt Hi Sel Bit 1 G08 

>I +- St9 Gt Lo Bit 0 006 2 

lj~+5V St9 Gt Lo Bit 1 01 

Board Tieup S 13 
1 

3 
~+5V 1 . 

Board Tieup U1 

+ T3 and Phase A Pl0 
1 

1 
111 + Clock SAR and X Reg P11 

+ Special Sys Rst J07 

- Select Stg Gale Data P12 1 
4 3 + ALU Func Bit 0 BO 

1 Dl 0 
2 D09 

+ Carry In SO 7~ 
3 BOO 

~ I 3 

; I 
+ ALU Gate HilLo Sel 0 G04 

1 G06 
2 GO 

2 L 
1 _ 

+ 16 Bit ALU Operation GO 

:1 6 

+ LSR Address Bit 0 U06 

1 UO 
2 SO 
3 Pl 

5 S06 31~ 
-t New LSR Addr Bit 4 S03 

1 
1 3 

- Write LSR Lo 51 
- Write LSR Hi B1 

+ Storage Bus Bit 0 J11 
1 P07 

J13 
P09 

4 G11 
G13 
M04 

7 MOO 
Bit PHi GOO 

+ Storage Bus Bit 8 G12 
9 P06 

10 P02 
11 J12 
12 M02 
13 P04 
14 
15 MOS 

+ Storage Bus Bit L.o P G02 

+ lOOns Osc Pwrd JOG 

+ Special SY5 Rst 513 

16 + Stor~g~~:~:t~~~: ~~ 
+ Branch Cond Met 007 

- Command Bus in Bit 4 Galed 004 

fJ + BPC Tgr G03 

- CBI Bit 1 Cvcle Steal Read S08 

- CBI Bit 0 Cycle Steal Incr S06 

+ Mode Selector Sw Bit 1 J04 

2 .102 
3 J05 

- Control Storage Sw D06 

+ Carry Log peR alt 4 812 

9 

~ 

~ 
~~ 
I 2 

1 1 

1 

~ 
1 

I 3 

I 
1 

1 

+ CSY Tgr New Xl7 1 2 
- Advance T _me from Channel MOB 'I 

INTICS LSR Oecode 0 511 
510 
U13 

+ Address Switch 3-4 Bit 2 M12 
+ Address Switch 3--4 Bit 3 S04 

... MC Interrupt Lth U12 
- New CSIPL Cycle P13 

- CBI Bit 2 Cycle Steal Adr Sel 0 P11 
- CBI Bit 3 Cycle Steal Adr Sel1 M09 

3 

2 

I 4 

I 

Parity 

5tg Gt 
Hi 

I I I I • ... 
I I • 
~ 

~ YH:~ I 
.. 

!r=l X Hi Reg J Tnt I .... • • -- • ... .... • Ca'ry 

r ALU Hi 

1 r J I l 
~ Driver 

1 

• • Parity 

All Ones Low 
ALUGt Hi 

I ~ r 
l 

CP System Control Card A-A1G2 

-+ Il ALU 

MOR II Function 

@ 
Bits 

TlIT2 .1 -- t---

~ 

-;=: T 
Times 

~ r ~ 5tg 
Gate 
Bits 

~ 
~ 
~ Control 

Storage 
Access 

'---< 

J 
t--' 

rl. 1 
ALU 

-:-. Gate 

~ 
HilLo 
Write 

~ 

~ f---
Carry in 

Clock 
SAR I--h 

r 'L ClockCS 
Write LSR 

r Hillo f---

W 1 " Clock 
5t9 r--
Gate 

~ 
Check 

Ii 
L 

:---
LSR 

Address 
'-- Status 

Select 

r 

5tg Gt 

Lo 

f' 
J - I Driver , 

:I" rF YLORegl 

f' • L LSR 

ALU Lo ,.-
lo 

r" 

• I • 
,tt 

ALU Gt Lo U 

'.1--

. 

I 

2 J 
1 

2 J 
I 

002 + 5t9 Gate P Check 
Ull + 5t9 Gate Low Gen P Bit, Test Pin 

B04 + Sys Bus Out Low P1 
004 +- 5ys Bus Out Low P2 

--1 
U02 + Sys Bus Out Bit 8 

U04 9 
S02 10 
S04 
U09 
Ul0 
SOB 
SlO 

11 
12 
13 
14 
15 

Hi 

4 

2 

1 

1 

1 

1 

S 

1 

1 

3 

3 

1 

3 

1 

3 

1 

1 

2 

5 

3 

2 

J 
C--

l 
t 

B02 + Pty Predict Carry Out Hi, Test Pin 

1 
.Jl5 + Data 4 

1 
S09 + ALU Error 

H D13 + ALU Zero 

J02 + Carry or Ones 

D12 + Sys Bus Out Bit 0 
007 1 
B12 2 
1106 

9 807 
B05 
Bl1 
DOS 
810 + $Y5 Bus Out Hi Bit P 

J 011 +ALUFuncBitO 
Dl0 1 

I ~1O 2 
J09 

.I M06 - Clocked MOR P Check 
j 005 + Sense/load MSP Registers 

I 

I 

I , 

-' 
I 

j 

I 

512 + T3 and Phase A 

B04 .. T4 Thru T6 

+T7Pwrd II 
S09 + Phase A 

BOO + S19 Gt Hi Bit 0 Fixed 
Ul0 -+ Reset SDR Hi 
D09 + 5t9 Gate Hi SeI Bit 1 
B07 T Sty Gate Lo Bit 0 
B05 + Stg Gate La Bit 1 

80S + Control Storage Access 

8t3 + Single Cvcle 

G05 + ALU Gate Hi/Lo Sel 0 
G10 1 
810 2 

BOO .. Write 5t9 Hi 
002 .. Write 5tg Lo 
012 + 16 Bit ALU Operation 

M07 + 110 Instruction 

MtO - Storage Function II 
U09 - Serect Storage Gate Oat3 

+ Carry in 

U07 + Clock SAR and X Reg III 

013 - Write LSR Lo 
GOG - Write LSR Hi 
BOO - Clock AlU Gate Check Tgr 

U11 - Clock Stg Gate Check Gated 

S07 + T5 Not DiSQlay Storage 

G04 + Status Card 211 
S03 + New LSR Addr Bit 4 

U06 + l5R Address Bit 0 
M13 1 
P12 2 
U05 3 
S02 

GOS + Status Sel 0 
U04 1 
S05 

G07 + Status Function 0 
U02 1 



110 Immediate 

.. Base Cycle Steal 

I/O 
Instruction 

PortO 

1 Advance Time 

II 
Command Bus Out 0-2 

II 
MPXPO Bus Out Bits 0-7 

MPXPQ Bus Out Bit P 

1m 
II 
1m 

!~ :'r---; 
' . 

Command Bus Out 

Control Out 

Service Out 

&,stem Reset 

Servia! In 

Multidevice Response 

Data Bus Out 

Adapter 
Circuits 

Level 4 Intetrupt Request 

Base Cyde Steal Request 

ceB 

Work Station Attachment 

Attachment Status 

~:::nd ~ __ Co_n_,,_ol_I"_S~tat~u,io' ---"'~-r-

eeBO 

SERDE's 
Control 

OR 

OR 

OBI 0-7 

~!4v "' ... ~ '.L I -,.,., : ... ~,: 
. ~~ V 

., . .J 

~-----------~::::::~::~~::::::::::::::::::~~R~.c~eiv~e~D'~ta~~~1 . 
Dd..,/ 

Tran$lTlitData Receiver I 0 CBI(}-S gJ' 
T MPXPOD.t.lnB;tsO-7.P ~ 

• System Bus In B;t,8-LI5--------------~-PG----------: --l' ~ Data Bus In 

PC c::: Parity Cleek EJ 
PG ::; Parity Generate 

-S.19msClock S13 
- MicroimerrUPt ~eQuest 4 B02 

_ Interrupt Level 5 Req J06 

+ $ys Bus Out Bit 8 U13 
9 S09 

10 UOG 
11 U07 
12 U12 
13 SII 
14 S08 
15 505 

+ $yS Bus Out Low P1 S07 

013 

+ I/O Instruction J05 

+ System Reset 007 

II + T7 Pwrd BOO 

+ Multidevice Response M03 

II 

_ MPXPO Data In 0 Ul0 
1 U05 
2 utt 
3 S12 
4 S10 
S U09 
6 U04 
7 U02 
P S03 

- Command Bus In 4 J13 

- Command Bus In S Gil 

II -Ser\lice I n BOO 

- CSI Bit 1 Cycle Steal Read S02 

- CBI Bit 2 Cyde Steal Adr Sel 0 012 

- Disk/Oskt, (Load) BC Req 

- Disk/Dskt Block. Processor Clock J04 

D -8ase Cycle Steal Request G13 
+ MC Interrupt Lth B13 

+ Phase A 009 

1m + CSV Tgr to Channel G07 
- POR or Reset Key G 1 0 

- Microinterrupt Request 1 804 
2 B03 
3 D02 

- System Unit Lamp Test 006 
+ Enable Interrupt G02 
- Run Latch QCD J09 
+ T3 and Phase A BOB 

- Board Tledown 3 J02 
Not Used G05 
Not Used Jl0 

L 
I 

I 

I 

: 

I~ 

- MSP Cloclc:s Stoppl~d J06 ~ 

.~ + SYstem Unit LJmp Te!l UOG 

16K Jumper'" 0 and 1 

Jl0 
013 
B03 
B02 

6 Ul1 

7 S09 

+ Sys Bus Out Lo 81t 8 P10 
9 Ml0 

10 S02 
11 S04 
12 U09 
13 P12 

14 S08 
15 510 
P1 511 

Jumper 16K 

DOD J~~:.:::~n 
o :::: 

o 1 2 3 

bCSLSCJ. 
+ Clock SAR and X Reg 

+ MS CSY Tgr Signal G03 
+ T5 Not Display Stg 002 

+ Sense/Load MSP Registers 004 

+ Control Storage Access J07 

ill -Storage Function J05 

- Check Aun Switch G06 
+ Write Stg HI BOS 

+ Write Stg la GOS 

+ 100 ns Osc Pwrd J04 

+ M$P Write Main Storage 012 
+ 110 Instruction U04 

+PhaseA G12 

fJ + ;~~~Q~ ~~ 
- Processor Check B 12 

- POR or Reset Kev J12 
- Load Kev Pressed I nt P02 

- Load Key Released J09 

9 

~ 

1 

1 

, 3 

I 
1 

1 

2 

1 

1 

I 2 

1 

1 
6 

t=-

I 

I 

CP Port Card A-A 1 L2 

2 

3 
Function 

4 8-11 Decode 

Command 

,.-

-.11 

Port Register 

Data Buffer Device 

4 0·3 0 
L. Addressl 

4 8·11 f- Data 
Device 

~ Addr.ssl - -
Data '--- f-

5 CBOI 

,-----. r Data 

~---- -1 2 4 

4 12-15 
Modifierl ~ 

Data L Port Checks -

4 4·7.P 

7 ~ 
2 Register 

~ -CI' ! 
I 

2 Cycle 

9 Steal 

T 5 ~ 

,.. Port II L Control 

J Port Status 
2 
9 Port Clock 

2 
Control 

5 

.1 I 

5 

10 

2 

CP Storage Control Card A-A 1 F2 

MSP 
Run 

.& 

L 
Indicator 

Display 

~ 
SBO 

r-- Bits 

SAR 

0 

- -.. Parity ~ 

Gen 

~ 
Address 

and 

15 SAR 
Checking ---

~I 
51 

Card 
Select 

I~ 

~ - Bit2 

Storage Cycle 

I 
~ 

Storage 
Clock 150 ns 

r'--
--

~ Main Stg 
Op Tgr 

~ + System Reset 

-
SV' 
Rst 

r----

CSY 
Tgr 

-

Gate 

f 

Clock 
Decodes 

Interrupts , 

3 

8 

I 
8 

1 

1 

II 
1 

1 

I 
5 

3 

3 r--

4 

~ 1 

1 

1 

9 

I 10 

I 2 

I J12 - Command B,:!s Out Bit 0 

I ~: III ; 

M02 - MPXPO Bus Out Bit 0 
M04 1 
M05 2 
MOO 3 

~ M07 II 

·1 

I 
I 
I 

-I 

I 
I 

.I , 

I 
I 
I 
I 

MOB 
MOO 
Ml0 

P02 - Sys Bus In Bit 8 
P04 9 
P05 
POO 
P09 
Pl0 
Pll 
P13 

10 

11 
12 
13 
14 

J07 + New Channel Check 

M 12 - Control Out Pwrd II 
B07 + BPC Tgr II 
G04 - Command Bus In Bit 4 Gated II 

g~; ~ ~i:~a::~y~e Request If) 
G12 - Xfer Error Gated or Jl0 Echo 
M 11 - Service Out Pwrd 1m 
M 1 3 - Strobe Pwrd IE] 

GOg Advance lime from Channel 
P07 - Sys Bus In Bit P 
P12 - MPXPO Bus Out Bit P 

611 -INT/CS lSR Decode 0 
GOS 1 

B12 2 

010 + Interrupt Req to Run Lth 
004 - Proc Interrupt 1 
005 2 

805 4 

Bl0 • Disk Burst Mode Gated 

GOG Not Used 

UOS - MSP Run Indicaior 

M03 - Display SBO Bit 8 
S12 9 
M09 
P09 
GOS 
Gl0 
Gl1 
G13 
M02 

UOl + SAR Bit 6 

M12 7 
Ul0 S 
SOS 
P13 10 
M13 11 
POS 12 
U12 13 
U13 14 

IS 

10 
11 
12 
13 
14 
15 
P 

010 - Ctl Stg Address Chk 
009 - Ctl 5tg SAR P Chk 

-1 
Bll +CaJdSelectO-16KCS 
505 Not Used 
810 Not Used 
G02 Not Used 
813 +CSX 1 
BOS + CS)( 2 
807 + CSX 3 
BOS + CS)( 4 
011 +CSV 1 

007 + CSY 2 

4 I ~;~ :~~~~:~:~hannel III 
GOO + Write MSP Register . I 

~ Osc 

2 :1 

J02 + 8K Group Select 

P04 + lOOns Osc Pwrd 

I 

3 .I 
I 

1 

1 

5 I 
I 

005 + CS Write Pulse High 
006 + CS Write Pulse low 

U02 - Advance Dock From Channel 
BOO + Write Main Storage 
G04 + CP Clock SAR Gated 

G07 + MaIO Stg Op Tgr 

M08 + System Reset 

503 - New CSIPL Cycle 
MOO - CSIPL Cycle 
B04 - load Indic:ator 
M05 - Transfer Complete 
M04 + Special Sys Rst. 

II 



Microirt~errupt Level Mode 

All I/O 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 (ll 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 I/O load 
or I/O 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. 

~irections 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 load the 
following program: 

Address Instruction -'Comment 

0000 B960 Sense switches 
1 and 2 into 
WRO(l) 

0001 B569 Sense switches 
3 and 4 into 
WR1(H) 

0002 B909 load data buffer 
with test data 

0003 B941 Sense data 
buffer into 
WR1(l) 

0004 0002 Branch 

Switches 1 and 2 select the device I D: 

AO = disk 
EO = printer 

Switches 3 and 4 contain the test data. 

3. 

4. 

5. 

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 Bj!48 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 I/O 
attachment are: 

• I/O immediate 

• I/O storage 

• Jump on I/O condition 

When executing the I/O command, the 
processing unit selects WRD 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: 

Device 

Channel/port 
Unit record MICR (1255) 
Communications 
Disk A 
Disk B 
Work station 
Diskette 
Line printer 

WRO Low Bits 
0-3 4-7 

Hex Address 

o 0 
5 a 
8 0 
A a 
B a 
C a 
D 0 
E a. 

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 I/O 
instruction) and the device address link together 
and are sent over the port 'MPXPO bus out' 
and 'command bus out' lines to the correct I/O 
attachment. 

1/0 Command 

Yes 

No 

Yes 

Yes 

Yes 

No 

Not I/O Command 

No 

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· 0 (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 I/O Load or I/O Control Load 
later in this section). 

The I/O attachments use the 'CBI bit 4' line to: 

• Show that the condition tested by the jump 
on I/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 I/O 
storage operation. 

The 'transfer error' line is activated from the 
control processor to indicate a jump on I/O 
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 
I/O operation. 

Control Processor Sense Control, 

(MPS) Status, 
I/O Clocks, 
Errors, 
PCR 

Stay in Processor 

SetlReset, 
Enablel 

Control Processor Load Function Disable 
(MPLF) Controls 

LSR to or from 
Attachment 

Storage to or from . 
Attachment 

Condition to be Tested 

Command Bus I n Bit 4 

Bit4 Active 

Bit 4 Not Active 

Port/ 
Cllan~el 

1 I 
1 I 

I 
1 
I 

LSR I 
Stack I in 
Control I 
Processor I 

I 
I 
I 
·1 
I I/O Device 

Attachment 

110 Load 
Data 

1/0 Control Load 
Control 

110 Control Sense 
Status 

Sense Interrupt • Level Status Byte 
Status 

I/O Sense 
Data 

Status 

Yes 



~ I/O Immediate 
U') 

1 0 1 1 Modifier Function H2 Reg 2 

o 3 4 7 8 11 12 13 15 

The I/O immediate instruction has four main 
functions: 

• Move 1 byte of data between the local 
storage registers and ,the I/O devices 

• Direct control of the channel and the I/O 
functions that mayor 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 I/O 
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 I/O attachment on the 
I 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 I/O Immediate in the Control 
Processor section of this manual. 

Timing of CP/Channel Functions 

FSL 
Page 

I/O Instruction PC138 

Stg Gate Hi/La from SDR (instr) PC230 

Strobe SDR La Data (function to SBO) PC502 

CBO Decode from SBO PC542 

Stg Gate Lo from Stg Gate Hi PC230 

Load Data Buffer (modifier bits) PC526 

Select LSR (WRD address) PC230 

Stg Gate Hi/La from LSR PC230 

Strobe LSR Data PC526 

Data Buffer from SBO (address) PC502 

Control Out Pwrd (from channel) PC510 

Service In (from I/O) 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 I/O 

Advance Time from Channel PC518 

Strobe Pwrd PC510 

Data Gated to Data Buffer 

Data Gated to MPXPO Bus Out 

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

H2 (Bit 12): Selects the I, gh- Jr lov '-,rd 3r 
byte of the selected local stomgf n. gi: te for 
the current interrupt level. 

H2 = 0: Low-order byte 

H2 = 1: High-order byte 

Register 2 (Bits 13-15): Select'1 one of the 
eight work registers in the beat sto(a£e I egistl3r 
stack for the current irlterrupt 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. 

Printer JOel I 

I, ' du or I/O Control load (lOl, IOCl) 

1 1 Modifier Function H2 Reg 2 

o 3 4 7 8 11 12 13 

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

15 

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

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

Bits 8-11 = 0000 for IOL 

Bits 8-11 = 1000 for 10CL 

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 I/O 
attachment. 

T3E T4 T5 T6 

C07 COF COE C06 C12 



I/O Load Instruction 

FSL 
Page 

Assemble Address and , ..... I/O Atuoh"""" S~d CGmm,.' , 
Command in Channel and Modifier to Attachment on CBO 

and MPXPO Bus Out Send Data Byte to Attachment 

200 ns 

Control Processor T-Times PCll0 701 T1 IT21 T3IT3A1T3BIT3E~--- - - - ~ - -\ T4\ T51 Tsl- - - - - ------I TO 1 etc 

Phase A PCll0 
I I 

I/O Instruction PC138 

Advance Time PC518 

I 
1 

1 I 

Sys Bus Out Valid 

Port Clock C-Times PC526 

I : 
E~~ i ~~~ i LSR 1 I 

COO COO COO COO C09 c031 C07 COF COEC06 C07 COF COE \ C06 C12 C10 C18 C19 C13 C17 C1F C1E C16 C17 C1F C1E C16 C02 COO COO COO COO 

I 
MPXPO Bus Out Valid I Dev Addr and Instr Modifier 

I 
Control Out Pwrd PC510 

(( 
II ~ 

I I 
Strobe Pwrd PC510 I ~(Note'l II I ~ f-------l (Note 2) I 

I I 
Service In PC518 

Service Out Pwrd PC510 

J) f-------! I I 

I I 

Strobe SDR Low Data PC526 
I I I 

Strobe SDR High Data PC526 

Strobe LSR Data (WROL) PC526 

I I 

I I 

CBOO PC542 
I I 

I 
I I 

CBO 1 Valid PC542 

CBO 2 PC542 

I O·for liD Stg or I/O Immed Load; 1 for liD Immed Control Load --! \ I 
I 

Load Data Buffer PC542 
I I 

I 

Gate Data Buffer to MPXPO PC506 
Bus Out/Sys Bus In 

Mod OA I I 
·1 

I 

I 
Clock Port Register PC506 I -, ]1---1 

Gate LSR (13, 14, 15) to SBO PC230 
(if applicable) 
Storage Cycle (if applicable) PC012 

Gate SDR to SBO (if applicable) PC230 

I 
Oev Addr and CBO I 

I 
lid Immed 

I 
I I 
I 110 Stg 

DBI/CBI Not Zero Check PC502 I I 

I 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 I/O Attachment 

I/O Control Load Instruction 

Control Processor T-Times PC110 

200 ns 

701 T1 I,T2 I T3iT3A/ T3B/ T3E I T4 I T51 T61 TO I etc 

I I 
Phase A PC110 

1/0 Instruction PC138 

Advance Time PC518 

Sys Bus Out Valid 

I I 
I I 

I I 
I I I 
I 

I 
I SOR : SOR : LSR I WR 13,14,15 

Low I High I WROL I 
Port Clock C-Times PC526 

MPXPO Bus Out Valid 

Control Out Pwrd PC510 

COO COO COO COO COg C03j C07 COF COE c061 COO COO COO 

I 
I I I 
1 I 

Strobe Pwrd PC510 
I I 

I I 
I I 

Service In PC5l8 I I 

Serv ice Out Pwrd PC510 
I I 
I I 

Strobe SD R Low Data PC526 

I I I 
I I 

Strobe SDR High Data PC526 

Strobe LSR Data (WROL) PC526 

I 1 11 I I I 
I I 

CBOO PC542 
I I 
I I 

CBO 1 Valid PC542 

CBO 2 PC542 

Load Data Buffer PC542 

1 I 
I I 
1 

I I 
I I 

ILJII r---, I· 
Mod OA I (note) 

1 

Clock Port Register (if 'applicable) PC506 

Set Port Status Bits PC516 

Clock Modifier Bits PC542 

I ~ 

1 I 

: 
T 
I 

I 
I 

I 
Note: Load port register instruction. 

a; 
c: 
c: 
co 
.c 
c.J 

• 



co I/O Load (Big Picture) 
~. 
La 

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

CPU I 
I 
I 
I 
I fJ 

I \ I 
{ \I 
I II 
I System 

II I Bus 

I Out II D 
I II I II I 

II I II 

Assemble 
Address and 

FSL Command in 

Assemble 
Address and 
Command in 
Channel 

Channel 

Function 
Field 
Decode 

Data 
Buffer 

0 

3 
4 

7 

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

Attachment 

I 
I 

MPXPO I 
Bus I 
Out I 

III 
I 

Select 1/0 Attachment; Send Command and Modifier 

Send Data Byte to Attachment 

CPU 

LSRs 

System 
Bus Out 

Channel 

Data 
Buffer 

I 
MPXPO I 
Bus II I 
Out 

Attachment 

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

CPU Clock PCllD T3 T3A T3B T3E 

D I/O Instruction PC13B 
~ 

Port Clock PC526 COO COg C03 C07 COF 

fJ SDR Low to Channel PC22D -
• SDR High to Channel PC22D ~ 

.. WRO Low to Channel PC23D 

II Device Address and Modifier PC506 
MPXPO Bus Out 

III Command to CBO PC542 .- --

II Control Out Pwrd PC512 

II Strobe Pwrd PC512 

II Service In PC518 

D!J Select LSR PC240 

m Gate LSR Byte to Channel PC230 

1& Data to MPXPO Bus Out PC506 

·1iI Service Out Pwrd PC512 

lEI Advance Time PC518 

The first 'strobe pwrd' pulse after the rise of 
the 'control out pwrd' line signals the I/O 
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 I/O attachment has taken the information 
from the' command bus out' and' MPXPO bus 
out' lines and is ready to receive data. 

Main Storage Processor (MSP! 

CaE 

( ( 
T4 T5 T6 T6E I 

I 

C06 ~ ~ C07 COF COE C06 C12 ClO C18 C19 Cl3 

J 

( ( 

r---

The first 'strobe pwrd' pulse after the rise of 
the 'service out pwrd' line signals the I/O 
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 I/O attach~ent has 
taken the data byte from the 'MPXPO bus out' 
lines. 

IICS 110-112) 15 

I A-A1E2. 04 

I 
1 
1 
I 
I 
I 
I 

FfOm Cp I T:.,M!: 

----I 
I 
IIPCOOO-
1°991 

a:-A1F2 

"""''--_____ -1 ~l~:: 

'" eo 

Cll 

( ( 

l 

CIF CIE Cl6 ~ ~ cn CIF 

( ( 

r 

1.-------., 0 

BD Emj=1 ==-c===; 

I , 
1 

CIE C16 CO2 

:--

Sys8u\ In I '¢:: 

1 
I 
1 

TO 

I 1 
L::':':~:=~: _____________________________ ~~~~~:=9.!. _____________ !~A.!':!!':!O!~!.. ______________________ LA=~!..(==~~9: ______ J':;'1:!2':::"2~-:!: _____________ j~-~~_ 

Tl 



I-fetch 

I-fetch 
operation 

Select LSR WRO 
low 

Gate channel 
command bits 
from SDR low to 
channel 

Gate modifier 
bits from SDR 
high to channel 

Gate device 
address from 
WRO low LSR to 
channel 

1. Select the attachment 

Yes 

MPSand MPLF 
commands 

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

device address. 

The channel clock 
fJ is used to assemble 

--.-- the device address 
I and the command 
I in the channel. 
I 
I 
I 
I 
I 

III 
I 

:"'..J 
I 
I 
I 
I 
I 
I 
I 
I 

III 
I 
I 

_oJ 

2. Send command and the 
modifier to the 
attachment on CBO and 
MPXPO bus out 

II 
II 

110 II 
Instruction 

II 1 

PortO 

Perform control 
processor load 
per bits 4-7 

and 12-15 

Yes 

Sense 

Perform control 
processor sense 
per bits 4-7 
and 12-15 

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

Command Bus Out 0-2 

I'r-----.JI,,". " Service In 

Command Bus In 0-5 

I I 
Control Out Pwrd 

II 

Strobe PwrdlService Out Pwrd 

I L 
MPXPO Bu1 Out Bit P 

lfL __________ ~M~PX~~~O~.~~ln~B~iu~O;~~.~P________________________ ~ 
9
S 
---S PGpc • 

•
Sv ...... Bus In Bits 8-15 ~ 

• .PpcG 

PC = Parity OIeck 
PG = Parity Generate 

Establish 0' 

System Bus Out 
Function Bits 
8 9 10 11 

000 0 
000 

Command. 
Bus Out Command 
0 1 2 

0 0 I/O Load 
0 110 Sense 

0 0 Sense Interrupt Level Status Byte 
channel/device 
and control iii o 0 

processor 
communication II 

Transfer: low OJ bvtefrom 
selected LSR 
through port to m 
attachment 

III 
Complete 

iII channel 
communication 

Channel 

ceo 

1'o<10ru 
Bus Out 

100 0 

1 1 0 0 
o 0 

Transfer high m 
byte from 

selected LSR m through port to 
attachment 

Control 

1 

1 
0 
0 

0 I/O Control Load 

I/O Control Sense 
1 Jump on I/O Condition 

0 Base Cycle Steal 

Yes 

Store data from 
attachment 
through port 
into low byte 
of selected LSR 

I/O Attachment 

Store data from 
attachment 
through port 
into h"igh byte 
of selected LSR 

Print 
Oa .. 
Register 

Start Hammer Echo 

Fire Tier (1-5) Control 
Register 

iii Strobe IE] II ~ Control.Out , 
II] Service Out :, I Adapter 

Print Subscans 

II Service In 
\ 

ImpressionCti SS Fire 

Carriage Advance Tier 
Multidevice \ Circuits 

Home 

Control Data BU5 Out COSO 

Svstem 1100 ... 
Da~ 

Register 

• Sense 

• Port Data Bus In OBI Data 
X Bus In 

I 

Mnemonic 

10L 
lOS 
SILSB 
10CL 

10CS 
JIO 

Line Printer' 

0') 
N 
an 

• 



~ 110 Load (Detail) 

.n 

Select Attachment 
(Address, Modifier, and Command to Attachmentl 

Assemble 
Address and 
Command in 
Channel 

Select 110 Attachment; Send 
Command and Modifier to 
Attachment on CBO and MPXPO 
Bus Out 

Attachment Channel I 
I 

CPU 
Send Data Byte to Attachment 

1, 0 1 11 Modifier 1 Function 1 ti21 Reg 21 
~ 7. 11 12, 13 1. 

System 
Bus 
Out 

• 

Function 
Field 
Decode 

7 

I 
I 
III 

CP System Control Card A-A1G2 

+ Storage Bus Bit 0 Jl1 
1 P07 
2 J13 
3 P09 
4 G11 

G13 
M04 

7 M03 

Bit P Hi G09 

+ Storage Bus Bit 8 G12 
9 P06 

10 P02 
11 J12 

12 M02 
13 P04 
14 P05 
15 MOS 

9 

~ 

~ 
~-----< 

~ Storage Bus Bit Lo P G02 

+ 100 ns Osc Pwrd J06 

+ Special Sys Rst 513 

- Run I,..atch OeD Ml1 1 2 

I 1 
+ Storage Cycle Request Pl0 

+ Branch Cond Met 007 

~ Command Bus in Bit 4 Gated D04 1 

~ + BPC T9r G03 

_ CSI Bit 1 Cycle Steal Read 508 

_ CBI Bit 0 Cycle Steal Incr S06 
1 

3 J05 

I 3 

\ 1 

+ Mode Selector Sw Bit 1 J04 
2 J02 

- Control Storage SIN 006 

+ Carry Log peR Bit 04 B 12 
1 

... CSV Tgr New J07 I 2 
_ Advance Time from Ch.:.nnel MO 81 

INTICS LSR Decade 0 S11 
I 510 

3 

2 U13 

+ Address Switch 3-4 Bit 2 M1 2 2 
+ Address Switch 3-4 Bit 3 504 

I 4 
+ Me Interrupt Lth U12 

- New CSIPL Cycle P13 

II - CBI Bit 2 Cycle Steal Adr Sel 0 P11 
_ CSI Bit 3 Cvcle Steal Adr Set t MOO 

Board Tiedown U12 

+ Storage Bus Bit Lo P J12 
+ Storage Bus Bit 15 J11 

14 G12 
13 P02 

-Lg 

12 M03 
11 G11 
10· G10 

9 M02 
8 J13 

+ Storage Bus Bit Hi P G13 
.... Storage Bus Bit 7 G09 

6 P06 
M06 
JIO 
M05 

---.J 

9 

.-----+ 

,...=-. 

~~ 

'"-:::: 
r 

-I--< 

J 

2 P04 
M04 
P05 '~ ... CSY Tgr New J09 

+ AesM SOR Hi POl 

- Sys BU$ In Bit P BOB 
15 Ml0 
14 MI3 
13 MOB 
12 M07 
11 M09 
10 M11 

9 M12 
8 P09 

9 

II 
MOR II 

I-- I 
... 

F-' 

T 
Times 

~ 
~ Stg 

Gate 
Bits 

rei 
~ 
~ Control 

Storage 
Access 

+j 

• -
T 

SDR Hi 

I -., , J 
StgGt 

Hi 

r I 

I I • lIi+ St9 Gt Hi 8it 0 Fixed 
+ Stg Gt Hi Sel Bit 1 

Il 
II 

G03 
GOB 

2 Ft$ r;:::I X Hi Reg I 
2 ;1 

IB'II"a~::~: ~: ::: ~ 
BoaraTieup 

Board Tieup 

11 r!"N\_-!+5V 
006 
01 

513 

U13 

+ T3 and Phase A P10 

+ Clock 5AR and X Reg 

-+"Special Sys Rst J07 

- Select 5t9 Gate Data P12 

+ ALU Func Bit 0 B03 
1 010 
2 009 
3 BOO 

+ Carry In S07 

... ALU Gate Hi/Lo Sel 0 G04 

1 

l...!wr!+5V 
1 

1 

1 
4 

1 

I 3 

:1 
1 G06 
2 G07 

... 16 Bit ALU Operation GOO' 
1 

I 6 

I~-

+ LSR Addr_ Bit 0 U06 
1 U05 

II;~ 
5 S06 

+ New LSR Addr Bit 4 S03 

-Write LSR Lo S11 
- - Write LSA Hi 813 

I • .. 
• r 

r AlU Hi 

~iV~ 

J 'f: 

ALUGtHi 

I :l. 
l 

AlU 
Function 

Bits 

f---' 

I 
ALU 
Gate 

.-=: Hilla 
Wnte 
Stg 

~ r---
Carry in 

Clock 
SAR f--h 

r 
I U ClockCS 

Write LSR 
Hilla 

[L 
Clock 

Stg 
Gate 

~ 
Check 

L 
lSR 

Address 
'-- Status 

Select 

r 

CP Data Flow Card A-A 1 H2 

Parity 
L 
r 
II 

Parity 

I 

II 
• 

$"t 
Carry 

i r I I 
Pari tv 
All Ones Low 

r 

CPU 

LSRs 

f--

-.-J 
-

~ 

-

• , 
SDR Lo 

• ,'rll 

Stg Gt 
La 

J 
L 

System 
Bus Out 

• 
Driver J rF '~~I 

• r- L 
AlU lo I~ lo 

.-

.• 
I 
,tt 

ALU Gt Lo U 

.~ 

rn -
LSR 

I 

Channel 

Data 
Buffer 

4 

2 

I 

I 
MPXPO I 
Bus ml 
Out 

Dll + ALU Func Bit 0 
010 I 

Attachment 

IJ 10 2 
J09 

_I M06 - Clocked MOR P Check. 

1 005 ... Sense/Load MSP Registers 

~ 512 ... T3 and Phase A 

1 .J 
1 

1 

5 

I 

1 
I 

1 

3 

604 + T4 Thru T6 

B02 + T7 Pwrd 

509 + Phase A 

903 + St9 Gt Hi Bit 0 Fixed 

Ul0 + Reset SOA" Hi II 
009 ... 5t9 Gate HI Sel Bit 1 

~~~ : ;:~ ~::: ~: :;: ~ fJ II II 

B08 + Control Storage Access 

913 + Single Cycle 

GOS + ALU Gate Hilla Sel 0 

GIO 1 
810 

~ 
809 + Write 5tg Hi 
002 ... Write St9 la 
012 + 16 Bit ALU Operation 

1 
M07 + 110 Instruction D 

3 Ml0 - Storage Function 
U09 - Select Storage Gate Data 

1 611 + Carry in 

1 
U07 + Clock SAR and X Reg 

3 I 013 - Write lSA Lo 
G06 - Wnte LSR HI 

I 6013 - Clock ALU Gate Check Tgr 

1 
Ull - Clock Stg Gale Check Gated 

1 
507 -+ T5 Not Display Storage 

8 
G04 + Status Card 2/1 

503 ... New LSR Addr Bit 4 

U06 -+ LSR Address Bit 0 

M13 1 

PI2 II 2 
U05 
502 

GOB -+ Status Sel 0 

U04 I 

505 2 

2 J G07 + Status Function 0 

1 U02 " I 

1 
J06 ... SDR P Check 

1 
G05 ... St9 Gate Hi Gen P Bit. Test Pin 

2 J 002 + Stg Gate P Check 
I UII + St9 Gate Low Gen P Bit. Test Pin 

2 1 B04 + Sys Bus Out low P 1 

I 004 + Sys Bus Out Low P2 

4 
U02 + Sys Bus Out Bit 8 
U04 9 
S02 Billi 10 
S04 11 
lJ09 m 12 
U10 13 
SOB 14 
510 15 

J 
Hi 

l*-

~ 
1 

1 

1 

~ 

9 

802 -+ Pty Predict carry Out Hi. Test Pin 

J05 + Data 4 

509 + ALU Error 

013 .+ ALU Zero 
..102 + Carry or Ones 

012 ... $y$ Bu, Out Bit 0 
007 1 
B12 2 
806 . 3 
807 
805 
OIl 
005 
B10 + Sys Bus: Out H"i Bit P 



-

II 

II 
D 

II 

Assemble 
Address and 

FSL Command in Select I/O Attachment; Send Command and Modifier 
Page Channel to Attachment on CBO and MPXPO Bus Out 

CPU Clock PCIIO 

111/0 Instruction PC 138 

T3 T3A T3B T3E 
( ( 

~ 
, 

-1 

Port Clock PC526 COO COg C03 C07 COF COE C06 ) \ C07 COF COE C06 

II SDR Low to Channel PC220 ~ 

II SDR High to Channel PC220 ~ 

II WRO Low to Channel PC230 

II Device Addre." and Modifier PC506 
MPXPO Bus Out 

III Command to CBO PC542 --

IJ Control Out Pwrd PC512 

III Strobe Pwrd PC512 ( ( 

II Service In PCSl8 

II!] Select LSR PC240 

m Gate LSR Byte to Channel PC230 

m Data to MPXPO Bus Out PC506 

III Service· Out Pwrd PC512 

III Advance Time PC518 

System Bus Out Command 
Function Bits Bus Out Command Mnemonic 

8 9 10 11 0 1 2 Channel 

0 0 0 0 1 0 0 I/O load 10l 

0 1 0 0 1 0 1 I/O Sense lOS 

0 1 0 1 0 0 1 Sense I nterrupt level Status Byte SllSB II CBO 

1 0 0 0 1 

1 1 0 0 1 

0 0 1 1 0 
0 

Storage Gate High 

Bit 0 Bit 1 

0 0 
0 1 

1 0 I/O Control load 

1 1 I/O Control Sense 

1 1 Jump on I/O Condition 

1 0 Base Cycl e Steal 

Register Gated Thru 

LSR High 
SDR High 

10el 

10CS 

JIO 

Port Data 
Bus Out 

T4 TS T6 

Cl2 ClO C18 C19 

! 

i 

r··· 

I 
I 

Decode 

and 
Control 

Send Data Byte to Attachment 

T6E 

C13 

( ( , 
( 

Cl7 Cl F CIE C16 ) \ cn Cl F 

( ( 

I 

I/O Attachment 

Print 
Controller 

2K·Byte 
Storage 

-I--.... ~ Print 

Data 
Register 

TO 

CIE C16 CO2 

--

Line Printer 

1 0 SBI Bits 8-15 Start Hammer Echo 

1 1 X Reg High Bits 0-3 
SDR Bits 4-7 
Stg Gate High Bit P 

Storage Gate Low 

Bho Bit 1 Register Gated Thru 

0 0 LSR Low 
0 1 SDR Low 
1 0 SBI Bits 8-15 
1 1 Output St9 Gate High 

Instruction WRO Low 

Op Modifier I Function I H21 Reg 2 

34 78 11 1213 t5 11 12 

L 1T 
--,-

0 D 0 
SBO Bits 8-11 

SBO Bits 8-11 

8-11 
SBO Bits 12-15 

.8.19msClock S13 
- MlcrOlnterrupt ReQuest 4 802 

- Interrupt LevelS Req J06 

+ $ys Bus Out Sit 8 u13 

9 509 
10 U06 

fJIIBm~~ ~~~ 
13 S11 

508 
505 

+ SyS Bus Out Low Pl S07 

Not Used 013 

II + I/O I nstruction ..lOS 

+ System Reset 007 

+ T7 Pwrd B06 

+ Multidevice Response M03 

- MPXPQ Data In 0 U10 
1 U05 
2 U11 
3 S12 
4 5tO 

UO!l 
U04 
U02 
S03 

- Command BU5 In 4 J13 

- Command Bus In 5 G1l 

1,1- Service In . B09 

. CBI Sit 1 Cycle Steal Read S02 

- CBI Bit 2 Cycle Steal Adr Sel 0 012 

- Di.klDskt ILoad) Be Req Jll 

I 
I 

3 L 

: 

- Disk/Dskt Block Processor Clock J04 
- Base Cycle Steal Request G 1 

+ Me Interrupt lth B 13 

+ Phase A 009 

~ CSY Tgr to Channel G07 
- PQR or Reset Key G 1 0 

2\ 
21 

- M,crolnterrupt Request 1 B04 
2 B03 
3 DO 

- System Un,t Lamp Test 006 
t Enable Interrupt GO 

I . Run La1ch OCO J09 

+ T3 and Phase A B08 

f----
51 ~ 

- Board T 1.l:down 3 J02 
Not Used GO 

Not Used 

t-=-

1. 

i 

15 

4 0·3 

-~a·~ 
T ---

5 

~ 

2 

,,",~ •. ~ 
4 4·7,P 

2 

~ 
2 Cycle 

9 Sleal 

5 

r+ 
Port 

Control 

m Strobe 

~ 
D Control Out 

iEJ Service Out 

II Service In 

Multidevice 

System 

Data 
Register 

Sense • • Port Data Bus In • OBI 
X 

CP Port Card A·A1 L2 

2 

3 FlJnction 

4 
110 

8·11 .... Decode 
Command 

1 
,--

t 1 

Port Register 

Data Buffer Device 

0 
4- Address/ 

t----- Data 
DeVice 

Addressl ~ 
r---

Data '-- -- CBO/ 

r Data 

~------n 4 

Modlfler/ -Oa.ta 

L Port Checks '"" 7 J 
Register 

I 1 

T 
L_ 

Port Status 
2 
9 Port Clocks 

2 

5 
Control 

! I 

5 

10 

2 

Fire Tier 11-·5) 

)-...4 
Print Subscans 

Impression Ctl SS Fire 

Carriage Advance Tier 
Circuits 

Home 

Control Data Bus Out CDBO 

1/0 Data 

Data 
Bus In 

Status 

3 

8 

I 
Gate 

8 

J 
1 

1 

II 
1 

1 

I 
5 

3 

3 

Clock CJ Decodes 
4 

Interrupts Ii 1 

t 1 

~ 

Register 

IJ 12 - Command Bus Out Bit 0 

I 
506 1 
504 2 

M02 

M04 
M05 
M06 
M07 
MOa 
MOO 
M10 

- MPXPO Bus Out Bit 0 

1 
2 

om 3 

P02 - $V$ Bus In Bit 8 
P04 9 
P05 
P06 
P09 
P10 
P11 
P13 

10 

It 
12 
13 

15 

.1 J07 + New Channel Chec:;:k 

I 
I 

J 
I 

I 
I 

I 
I 

M12 - Control Out Pwrd B 
807 + apc Tgr 

G04 - Command Bus In Bit 4 Gated 

011 Disk Strobe 
G03 + Storage Cycle Request 
G12 - Xfer Error Gated or Jl0 Ec:;:ho 

M 1 t - Sl'!rvice Out Pwrd IS 
M13 - Strobe Pwrd II 

GOO Advance Time from Channel lEI. 
P07 - Sys Bus In Bit P 

Pl:2 - MPXPO Bus Out Bit P 

Bll - INT/CS LSR Decode 0 
GOB t 

010 ... Interrupt Req to Run Lth 
004 - Proc Interrupt 1 

005 2 
Bas 

810 Disk Burst Mode Gated 

GOO Not Used 

-M m 

T1 

, 

• 



~ I/O Sense or I/O Control Sense (lOS, 10CS) 

Lb 

1 0 1 1 Modifier Function H2 Reg 2 

o 34 78 11 12 13 15 

This part of the I/O immediate instruction 
moves 1 byte of data or status type information 
from the I/O attachment to a local storage 

register. 

Modifier (Bits 4-7): The modifier bits are 
specified by the device and are sent to the I/O 
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 I/O 
attachment on the' command bus out' lines. 

Bits 8-11 = 0100 for lOS 

Bits 8-11 = 1100 for lacs 

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

H2 = 0: Low-order byte 

H2 = 1: High-order byte 

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

Timing of CP/Channel Functions 

I/O Instruction -

Stg Gate Hi/Lo from SDR (instr) 

Strobe SDR Lo Data (function to SBO) 

CBO Decode from SBO 

Stg Gate Lo from Stg Gate Hi 

Load Data Buffer (modifier bits) 

Select LSR (WRO address) 

Stg Gate Hi/Lo from LSR 

Strobe LSR Data 

Data Buffer from SBO (address) 

Control Out Pwrd (from channel) 

Service In (from I/O) 

Service Out Pwrd (from channel) 

CBO Bits Active 

Modifier Bits to Data Buffer 

Address Bits to Data Buffer 

Modifier Bits to MPXPO Bus Out 

Address Bits to MPXPO Bus Out 

Mod. and Address Bits Sent to I/O 

Advance Time from Channel 

Strobe Pwrd 

Data Gated to Data Buffer 

Data Gated to MPXPO Bus Out 

FSL 
Page 

PC138 

PC230 

PC502 

PC542 

PC230 

PC526 

PC230 

PC230 

PC526 

PC502 

PC510 

PC502 

PC5l0 

PC542 

PC502 

PC502 

PC506 

PC506 

PC518 

PC510 

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

Printer 10SI 

T4 T5 T6 
COF COE C06 C12 ~3 ~7 ~F ~E ~6 C~ 



I/O Sense Instruction 

FSL 
page 

Control Processor T-Times PC110 

Phase A PCltO 

110 Instruction PCl38 

Advance Time PC5tS 

Sys Bus Out Valid PC230 

Port Clock C-Times PC526 

MPXPO Bus Out Valid PC506 

Control Out Pwrd PC510 

Strobe Pwrd PC5tO' 

Service In PC51S 

Service Out Pwrd PC5tO 

Strobe SD R low Data PC526 

Strobe SDR High Data PC526 

Strobe lSR Data (WROll PC526 

CBOO PC&t2 

CBO 1 Valid PC542 

CB02 PC542 

CBI Valid (Bit 4) PC502 

MPXPO Data In Valid PC502 

load Data Buffer PC542 

Gate Data Buffer to MPXPO PC506 
Bus Out/Sys Bus In 
Sys Bus In Valid PC506 

Write lSR (if applicablel PCt60 

Storage Cvcle (if applicable) PC012 

Clock Port Register PC506 

DBIICBI Not Zero Check PC502 

Notes: 
1. First strobe to be used for normal sense 

operations_ 
2. Fourth strobe to be used for normal 

sense operations_ 

I/O Control Sense Instruction 

Control Processor T -Times 

Phase A 

I/O Instruction 

Advance Time 

Sys Bus Out Valid 

Port Clock C-Ti mes 

MPXPO Bus Out Valid 

Control Out Pwrd 

Strobe Pwrd 

Service In 

Service Out Pwrd 

Strobe SD R Low Data 

Strobe SDR High Data 

Strobe LSR Data (WROL) 

CBO 0 (don't care) 

eBO 1 Valid (don't care) 

CBO 2 (don't care) 

Gate Port Reg to Sys Bus In 
(if applicable) 

I - -- · I R ........ "'Mfrom __ 
Assemble Addre. and Command and Modifier to 

Command in Channel Attachment on CBO and MPXPO 
Bus Out 

SeI I/O Attach Sed 

200n. 

~ Tl I T21 T31T3Er-:----------i---1 T41 T51 T6\--------------1 TO I etc 

I 
I I 

! I 
SDR : SDR : LSR . --1-

Low I High I I I 
COO COO COO COO C09 C031 C07 COF COE C06 C07 COF COEI C06 Ct2 CtO CtS C19 Ct3 Ct7 CtF C1E Ct6 Ct7 C1F CtE Ct6 C02 COO COO COO COO 

I L 
I Dev Addr and ceo I 

(/ ~ I 
I I 

II 

: 
(Note 1) 

: ;1 (Note 21 

I I 
I 

: I 
ceo I I I 

I I 
: I 

I I 
Ofor I/O Sty or 110 Immed Sense; 1 for I/O Immed Control Sense --I I 

I : 
I I 
I I 

Mod DA I I 
! I 

I 

i 
Data to LSR or Stg 

I 

I : Immed Stg 

I 
I I 

I bev. Addr and Modifier. I 

I I 

I i 
I I 

I 

FSL 
Page 

Assemble Address and I Recewe Data Byte from Attachment 
Command in Channel 

PCll0 

200 ns 

AT, I T21 T3IT3E~-~-1 T41 Tsl Tal TO I etc 
I 

PCll0 
I 

PC138 
I , 
I 

PC518 I 
I 

PC230 
I 

SDR : SDR : LSR I > 

·1 

Low I High I I 
PC526 COO COO COO COO COg C031 C07 COF COE C06. COO COO COO COO 

PC506 I 

I 
PC5l0 

I 

PC510 I 
I 

PC5l8 I 
I 

I 
PC510 I 

I 

PC526 I 
I 

PC526 I 

PC526 : 
I 

PC542 
I 

I 
PC542 

I 

I 0 for Chan Sense 

I 
PC542 I 

PC506 
I 
I 

Gate Port Chks Reg to Sys Bus In I 
(if applicable) PC506 I 

Write LSR (if applicable) PC160 
I 

Storage cycle (if applicable) PC012 
: 
I 

I 

• 



I/O Sense (Big Picture) 

Select Attachment 

CPU 

Assemble 
Address and 

FSL Command in 
Page Channel 

CPU Clock PCllO T3 T3A T3B 

D I/O Instruction PC13S 
.~ 

Port Clock PC526 COO C09 C03 

fJ SO R Low to Channel PC220 -
II SO R High to Channel PC220 -a WRO Low to Channel PC230 

II Device Address and Modifier PC506 
MPXPO Bus Out 

III Command to CBO PC542 

II Control Out Pwrd PC512 

III Strobe Pwrd PC5l2 

II Service In PC5l8 

Em Select LSR PC240 

m Write LSR PCl60 

1m Data to Port SBI PC506 

IIJ Data to MP XPO Data In PC100 

III Service Out Pwrd PC512 

Assemble 
Address and 
Command in 
Channel 

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

Channel Attachment 

I 
I 
I 
I 

eBO ,II 
Command 

I 
I 
I 

MPXPO 

Bus Out 

16 
I 

Data I 
Buffer 

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

T3E ( ( 

'J 
r 

C07 COF COE C06 ~ \ C07 COF CaE 

, ... 

,--

( ( 
r 

C06 C12 

T4 

C10 

Receive pata Byte from Attachment 

T5 T6 

Cl8 C19 

-

CPU Channel 

Data 
Buffer 

, 
I , 

MPXPO , 

Data I 
In II] I 

Receive Data Byte from Attachment 

T6E 
( ( 

C13 C17 CIF C1E C16 \ \ cn CIF 

( ( 

, 

J 

------------ -------- -~ 

J 

Attachment 

TO 

C1E C16 CO2 

1m Advance Time PC5l8 - -

The first J strobe pwrd' pulse after the rise of 

the 'control out pwrd' line signals the I/O 
attachment that the device address and the 
command information on the' command bus 
out' and the 'MPX PO bus out' lines are valid. 

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

Main StorageProeessor (MSP) Control p,~ ICPI ~I 

r---------------~-----------------------------------------,----------------------,-------------------------------------------~-----I Svs Bus Out Low FromCP ToMS!> I I 
rr======:'>I-1 -- i I MS,,,,,,.,., PC :: ~ 

I I 

El 
~=~~~~=~----------

~=======!>i ".M 
;:::::;:'----:-----------1 2 Gate 

PP-Pa,ityP,cchct 

PG- Parlt"Generat" 
PC- parltyCbeck 

I I 
I I 
I I 
I I 

OOT 1==i::=I~ 
OR 

L. _______ , 0 

1It:Jf1r========, 
I o:==;rr==~'ij=~ 
I 

I 
I 

~8mOutLowI 

...... '.I<:=­
I 
I 
I 

• I 
L~=~:::= _____________________________ !:~~~==~ _____________ !~~~~~~=~ ______________________ l~:~~:~~ ______ l_~l~~~! _____________ J~:~_ 

T1 



I-fetch 
operation 

Select LSR WRO 
loVII 

Gate channel 
command bits 
from SDR low to 
channel 

Gate modifier 
bits from SDR 
high to channel 

Gate device 
address from 
WRO low LSR to 
channel 

Yes 

MPS and MPLF 
commands 

LSR WRO low (bits 
----. 8·11) contain the 

device address 

The channel clock . 

II is used to assemble 
--T-- the device address 

I and the comma~d 
I in the channel. 
I 
I 
I 
I 
I 
I 

III 
-~ 

I 
I 
I 
I 
I 
I 
I 
I 

II! 
_..J 

1. Select the attachment II 
II 

2. Send command and the 
modifier to the 

attachment on CBO and 
MPXPO bus out 

DID 
8-11 

110 Immediate 

Base CYcle Steal 

I/O .. 
Instruction 

I 

III 
I 

III 1 

Port 
Control 

Advance Time 

Perform control 

processor load 
per bits 4·7 
and 12·15 

Yes 

Sense 

Perform control 

processor sense 
per bits 4·7 
and 12·15 

Establish 
channel/device 
and control 
processor 
communication 

Select LSR per 

bits 13·15 

Note: No communication takes place 

between the control processor and the 
channel/attachment 

PortO 

III 
Command Bus Out 0-2 

EI 
MPXPO Bus Out Bits 0-7 

Transfer low 

byte from 

selected LSR 
through port to 

attachment 

Complete 
channel 
communication 

~ 
I'r------\l,. (, Service In 

iii 

Command Bus In 0-5 

I I 
Control Out Pwrd IJ 
Strobe Pwrd/Service Out Pwrd II 

I Lm 
MPXPO Bus Out Bit P 

:~I;I----: 
I 

D 
III 
D 

System Bus Out 
Function Bits 
8 9 10 11 

a a 0 a 
a a 
a 1 0 

a a 
1 a 
Q Q 

Transfer high 
byte from 

selected LSR 
through port to 
attachment 

a 
1 

a 
a 

Command. 
Bus Out Command Mnemonic 
0 1 2 

1 Q 0 110 load IOl 
1 a 110 Sense IDS 
0 0 1 Sense Interrupt Level Status Byte SllSB 

1 a 110 Control load 10Cl 
1 110 Control Sense 10CS 

0 1 Jump on 110 Condition JIO 

a a Base Cycl e Steal 

Yes 

Store data from ill Store data from ill 
attachment attachment 
through port 1m through port 1m 
into low byte 

m into high byte "m of selected LSR of selected LSR 

Diskette Attachment Diskene 

Readv 

Controls !----"'In"'de"'x-"'SS"--,-_--, 

Service In 

Command Bus In Bit 4 

--,Co=n'e!ro,,-' 0"'"'-'-'_---4 Adapter 

---'S"'tr"'obe=-__ -I Controls 

Service Out 

Port Data Bus tn 

Data 
Bus In 

Register , 

Jump en I/O Condition 
Test 
Condition 
True Test Condition 

Sense 

Write 
Data 
Trigger 

Write Data 

Read Data 

LO 
M 
L6 

• 



I/O Sense (Detail) 

Select Attachment 

CPU 

SDR 

II 

9 + Storage Bus Bit 0 Jl1 
1 P07 

2 J13 
3 POO 

1 
\ 

Low 

'\ J ,_/ 

4 G11 
G13 

M04 

~ 

7 M03 
Bit PHI G09 

+ Storage Bus Bit 8 G 12 
9 P06 

10 P02 

11 J12 

12 M02 
13 P04 

14 P05 
15 M05 

t- Storage Bus Bit La P G02 

+ 100 ns Osc Pwrd JOG 

+ Special Sys Ast 513 

- Run Latch OeD Ml1 

+ Storage Cycle Request P10 

+ Branch Cond Met 001 

- Command Bus in Bit 4 Gated D04 

+ BPe Tgr G03 

- CHI Bit 1 Cycle Steal Read S08 

- CBI Bit 0 Cycle Steal Incr 506 

+ Mode Selector Sw Bit 1 J04 

2 J02 
3 J05 

- Control Storage Sw 006 

+ Carry Log PCR 61t 4 B 12 

+ CSV Tgr New J07 lID -Advance TIme from Channel M08 

INT JCS L5R Oecode 0 511 
1 510 
2 U13 

+ Address Switch 3-4 Bit 2 M12 
+ Address Switch 3-4 Bit 3 504 

+ Me Interrupt Uh U12 

- New CSIPL Cycle P13 
- CBI Bit 2 Cycle Steal Adr Sel 0 Pll 
- C81 Bit 3 Cycle Stea.1 Adr Sell MOS 

...i. 

1 

~---< 
I 2 

I 1 

1 

~ 
1 

I 3 

I 
1 

1 

L 2 
I 

3 

2 

I 4 

I 

Board T ledown U 1 2 

...L
g + Storage Bus Bit La P J12 

+ Storage Bus Bit 15 Jll 
14 G12 

13 P02 
12 M03 
11 Gl1 
10 Gl0 
9 M02 

8 J13 

+ Storage Bus Bit Hi P G13 
+ Storage Bus Bit 7 GOO 

6 P06 
5 M06 

J10 
MOS 

W 

9 

r----< 

2 P04 
M04 
P05 .~ 

+ CSV Tgr New J09 

+ Reset SOR Hi P07 

- Sys Bus In Bit P BOO 
15 Ml0 
14 M13 
13 MOB 9 
12 M07 

". M09 
10 MIl 
9 M12 

a POe 

I 

Assemble 
Address and 
Command in 
Channel 

Channel 

Function 
Field 
Decode 

CBO 

Select 110 Attachment; Send 
Command and Modifier to 
Attachment on CBO and 
MPXPO Bus Out 

Attachment 

Command 

Data 
Buffer 

I 

!g 
MPXPO 

Bus Out 
I 
I 
I 

CP System Control Card A·A1G2 

------+ II ALU 

MOR II Function 

~ 
1 

Bits 

r--- 1 

~ 

~ 
T 

Times 

~ r ~ Stg 
Gate 
Bits 

ra 
~ 
~ Control 

Storage 
Access 

----< 

~ 
I 

ALU 
Gate 

~ 
HilLa 
Write 
Stg 

~ '-----

Carry in 

Clock 
SAR c-l 

r 'L 
r 

., 

? 
~ 

----!" 

r 

CP Data Flow Card A·A 1 H2 

• 
~ 

Parity 
SDR Hi 

I 

.. t -t J Parity 

Stg Gt 
Hi 

I I r I • 
I I 

Receive Data Byte from Attachment 

CPU 

Clock CS 
Write LSR 

HilLa t--

·W Clock 
J--Stg 

Gate 
Check 

Il 
-

LSR 
Address 
Status 
Select 

• 

L t 
SDR La 

r 
., , 

Stg Gt 
La 

.. 
1 Driver I L .. .. • 

Channel 

Data 
Buffer 

I 

I 
I 
I 

Attachment 

MPXPO I 
Data I 
In m I 

4 

I 
2 I 

I 

D11 T ALU Func Bit 0 
010 1 
Jl0 
J09 

MOG - Clocked MOR P Check 
005 + Sense/Load MSP Registers 

~ S12 + T3 and Phase A 

1 _I 

1 

1 

5 I 

I 

1 
I 

1 

3 

3 

1 

3 

I , 

3 I 
I 

1 

1 

2 I 
I 

5 

804 + T4 Thru T6 

802 +- T7 Pwrd 

S09 + Phase A 

~~~ : ~;s~tS~:~iO Fixed II 
009 + Stg Gate Hi Sel Bit 1 

:~~ : ~:: ~::: ~: ::: ~ fJ II a 

B08 + Control Storage Access 

813 + Single Cycle 

G05 + ALU Gate HI/La Sel 0 
Gl0 1 
Bl0 2 

B09 + Write Stg Hi 

002 + Wrrte 5t9 La 
012 + 16 Bit ALU OperCltion 

M07 + ItO Instruction 0 
M 1 0 - Storage Function 

V09 - Select Storage Gate Data 
811 + Carry in 

V07 + Clock SAR and X Reg 

D13 

GOO = ~~::: ~~: ~~ II 
80'3 - Clock ALU Gate Check Tgr 

Utt - Clock Stg Gate Check Gated 

507 + T5 Not Dlsplav Storage 

G04 
503 

+ Status Card 2/1 
+ New LSR Addr Bit 4 

+ ·LSR Address Bit 0 
1 

2 

~ 

U06 
M13 

P12 

U05 
502 

GOa 
U04 

505 

G07 
U02 

+ Status Sel 0 

1 
2 . 

+ Status Functi'Dn 0 
1 

1 

1 

2 -' 
1 

2 I 
I 

J06 .. SOR P Check 

G05 + Stg Gate HI Gen P Bit, Test Pm 

D02 + Stg Gate P Check 
+ 5tg Gate Low Gen P Bit, Test Pin 

B04 + SyS 8us Out Low Pl 
004 + Sy~ Bus Out Low P2 

V02 + Sys Bus Out 81t 8 

U04 9 

:l 2 

-;=:i X Hi Reg I :1 
2 

II + Stg Gt Hi Bit 0 Fixed G03 

+ 5t9 Gt Hi Sel 8rt 1 GOB ~ '"~~ I rr=t "I'"" ·if Y La Reg I -1 S02 
504 
U09 
Ul0 

S08 
S10 

11 
12 

13 

14 
15 

BEl ~ Stg Gt La Bit 0 
IIStgGt LoBIt 1 011 

:1 I 1~+5V • • • • 
006 

Board Tieup 513 
1 r I..vvvrJ+5V .. Board Tieup V 13 

+ T3 and Phase A 

+ Clock 5AR and X Reg 
1 

1 I 
ALU Hi 

1 
4 

+ SpeCial $yS Rst J07 

- Select Stg Gate Data P12 

+ ALV Func Bit 0 603 

~i~ .1 010 
009 

~ .. .. BOg 

+ Carry In 507 

1 3 

I ALU Gt Hi 

+ ALU Gate HilLa Sel 0 G04 

1 GOG 
2 G07 

1 

I I 6 
I 

I 

I~ 
I 1 
I· , 

I 16 Bit ALU Operation G02 

+ LSR Address Bit 0 U06 
1 U05 

mJ ~ ~~~ 
5 506 

t New LSR Addr Bit 4 S03 

m~::i~: ~~~ ~~ ;~~ 

• .. 
Carry 

_'t_ .. 
ALU La 

I r I I II 

I 
Parity tt 
All Ones Low 

ALU Gt La ~ 

r 

L- J LSR 
11]--. -La III Hi - l 

1--

1 

1 

1 

H 

9 

B02 + Ptv Predict Carry Out HI, Test Pin 

J05 + Data 4 

S09 + ALU Error 

013 + ALU Zero 
of Carry or Ones 

012 of Sys Bus Our Bit 0 

007 1 
812 

B06 
807 

805 

Bll 
005 

810 + SY5 Bus Out HI Bit P 



Assemble 

Address and 

FSL Command in 

Page Channel 

CPU Clock PC110 T3 T3A T3B 

II 110 Instruction PC 138 
~ 

Port Clock PC526 COO COg C03 

fJ SDR Low to Channel PC220 -
II SDR High to Channel PC220 -
II WRO Low to Channel' PC230 

II Device Address and Modifier PC506 

MPXPO Bus Out r-·· 

II Command to CBO PC542 ,--

II Control Out Pwrd PC512 

III Strobe Pwrd PC512 

II Service In PC518 

im Select LSR PC240 

IDWrite LSR PC160 

m Data to Port SBI PC506 

1m Data to MPXPO Data In PC100 

iII Service Out Pwrd PC512 

1m Advance Time PC518 

System Bus Out Command 

Function Bits BusOot Command Mnemonic 

8 9 1011 o 1 2 

0 0 0 0 1 o 0 I/O load 10l 
0 1 0 0 1 0 1 I/O Sense IDS 
0 I 0 I o 0 I Sense Interrupt Level Status Byte SllSS 
I 0 0 0 I I 0 1/0 Control Load 10el 
I I 0 0 1 I I 1/0 Control Sense 10CS 
0 0 I I 0 I I Jump on I/O Condition JIO 

0 I 0 Base Cycle Steal 

Instruction 

I~ Modifier I Function I H21 Reg 2 I 
34 78 111213 15 

L r-1T --.-

mJ II 

SBO Bits 8-11 

fJ 

II 

S_GoteHigh 

Bit 0 Bit 1 Register Gated ThrlJ 

LSR High 

Storage Gate Low 

SBIBiu815 

I X Reg High Bits 0-3 
SDR Bits4-7 
Sty Gate High Bit P 

BiiO Bit 1 Reginer Gated Thru 

II ~;;--+--7--t-----;;l~SR,;-:lC':0-":w---___1 
II J-----'::---+-----=---+----;;~;::;~tR"=B""~t::.::~,----:-=1 5-----1 

1IL-__ ~ __ ~~O~u~IPu~I~St~9~G'~I.~H~ig~h~ 

-B.19 ms Clock S13 
- Microinterrupt Request 4 B02 

- Interrupt Level 5 Req J06 

+ Sys Bus Out Bit B U13 
9 S09 

10 U06 
11 U07 
12 U12 
13 S11 
14 S08 
15 S05 

+ Sys Bus Out Low Pl S07 

Not Used 013 

+ 1/0 Instruction J05 

+ System Reset 007 

+ T7 Pwrd B06 

+ Multidevice Response M03 

- MPXPO Data In 0 Ul0 

I U05 
2 Ull 
3 S12 
4 510 

U09 
U04 
U02 
S03 

- Command Bus In 4 J13 

- Command Bus In 5 Gl1 

- Service In B09 

- CBI Bit 1 Cycle Steal Read S02 

- CBI Bit2 Cycle Steal Adr Sel 0 012 

- Disk/Dskt (Load I Be Req J I I 

~ DiskfDskt Block Processor Clock J04 

- Base Cycle Steal Request G13 
+ Me Interrupt Lth 913 

+ Phase A 009 

.. CSY Tgr to Channel G07 

- POR or Reset Key G 1 a 
- MicrointerruPt Request 1 B04 

2 S03 
3 002 

- Svstem Unit Lamp Test D06 
+ Enable Interrupt G02 
- Run Latch OCD J09 
+ T3 and Phase A BOO 

- Board Tiedown 3 J02 
Not Used G05 
Not Used Jl0 

I 
I 

I 

: 

i~ 

SBO Bit, 8-11 

8-11 
SSO Bit, 12-15 

t-:-

I 

Select I/O Attachment; Send Command and Modifier 
to Attachment on CBO and MPXPO Bus Out Receive Data Byte from Attachment 

T3E ( ( T4 T5 T6 T6E C C TO 
J 

( 

C07 COF COE C06 \ \ C07 COF COE C06 C12 C10 C18 C19 C13 C17 C1F C1E C16 \ \ C17 CIF CIE CI6 CO2 

\ \ ~ ~ 

~ 

---------------- --~ 

- ~ 

Diskette Attachment Diskette 

Ready 
Access lines Controls t-"----'-'In""d"'ex'-'SS=--__ -, 

4 03 

-~DI~ 
T-

5 

.---
2 

.. ~. ~ 
4 4-7.P 

2 

l 
2 Cycle 

9 Steal 

5 

--. Port 
Control 

2 

3 

I/O 
Channel 
Controls 

Command 

Decode 

1I~~po.rt~D~a~ta~s~us~O.U.l .. ~ ................ ~ ~~~r 
Write Write 

Data 
Trigger 

Write Data 

D Service In 

II Control Our 

D Strobe 

ED Service Out 

Command Bus In Bit 4 

Adapter 

Controls 

Data 
Bus In 

Test 
Condition 

True 

Data 

Port Data Bus In Assembler~ .. _ ...... _ 

IPL 

CP Port Card A-A 1 L2 

Function 

Register 

Jump on I/O Condition 

Test Cond Ition 

Sense 

r-=- Sense Condition 

I I Sense r-~ 
ata Read Data 

eserialize 
egister 

3 I J12 - Command Bus Out Bit 0 

4 
a-II 

8-11 Decode 
I Command 
;: II ; 

--- 1 t ! 

Port Register 

Data Buffer Device 

0 
4 Address! --- Data M02 - MPXPO Bus Out Bit 0 

Device 
- M04 1 

Address! - M05 2 
Data ~ r---- 8 

CSO! 

I r Data 
3 ____ 

~~ 4 

Modifier! ~ 
Gate 

Data L Port Checks '"'" 

8 

7 ~ t Register 

MOG II M07 
MOB 
M09 
MID 

P02 - 5vs Bus 11"1 Bit 8 

P04 
If) 

9 
P05 10 
P06 11 
P09 12 
PIO 13 
Pl1 14 
P13 

1----1 J07 + New Channel Check 

1 I 

I 1 
J I 

1 

1 

I 
J T 5 

L~ I 

M12 - Control Out PWld II 
807 + BPC Tgr 

G04 - Command Bus In Bit 4 Gated 

011 • Disk Strobe 
G03 + Storage Cvcle Request 
G12 - Xfer Error Gated or Jl0 Echo 
MIl - Service Out Pwrd lEI 
M13 - Strobe Pwrd II 

Port Status 

2 I 9 3 Port Clock 
I 2 Control 

GOO Advance Time from Channel lEI 
P07 - 5ys Bus In Bit P 
P12 - MPXPQ Bus Out Bit P 

5 

I I ! 3 

Clock =-.J I 
Oecodes J 5 4 

Bll - INT/CS LSR Decode 0 
GOB 1 
812 

010 + Interrupt Req to Run Lth 

004 - Proc Interrupt 1 

10 

I 
I 

Interrupts 
2 1 

005 2 
B05 4 

Bl0 - Disk Bu..-:st Mode Gated 

t I .1 GOG Not Used 

-01 

T1 'i) 
c 
c: 
CO 

.s::. o 

• 



~ Sense Interrupt Level Status Byte (SILSB) 

1h 

1 0 1 1 Modifier Function H2 Reg 2 

o 3 4 7 8 11 12 13 15 

This function of the I/O immediate instruction 
moves 1. byte of status information from the 
I/O 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 
I/O 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 I/O 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 I/O 
attachment. 

WRO Low (Bits 8-11): Contains the interrupt 
level hexadecimal value used by the I/O 
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 Stora~ Processor (MSPj 

I/O Sense Interrupt Level Status Byte 

I-fetch 

I-fetch operation 

Select lSR 
WROlow 

Gate channel 
command bits from 
SOR low to channel 

Gate modifier bits 
from SDR high 
to channel 

Gate interrupt 
level from WRO low 
lSR to channel 

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

Establ ish channel/ 
device and control 
processor 
communication 

fJ 
T 
I 
I 
I 

II 
d 

I 
I 
I 
II 
....J 

II 

II 

IJ 
II 
II 

I(es 11(1..112) IS 

I A·A1E2, 04 

I 
I 
I 
I 

• • • 
from cr Il,!.M!: 

----I 
• IIPCOOO. 

~~~2 

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

Channel clock is 
used to assemble 
interrupt level and 
command in channel. 

From attachment 
' through port to 

control processor. 

m 

II] 

System Bus Out 
F unction Bits 

8 9 10 11 

0 a 0 a 
0 1 0 a 
a 1 a 1 

1 a a 0 

1 1 a a 
a a 1 1 

Select LS R per 
bits 13·15 

Store interrupt 
level status byte 
into lSR low 

Complete channel 
communications 

Control ProcesMlr(CPj 

Command 
Bus Out 
0 1 2 

1 0 a 
1 a 1 

a a 1 

1 1 0 

1 1 1 

a 1 1 

0 1 0 

Yes 

Command 

I/O load 

I/O Sense 

Sense Interrupt level Status Byte 

I/O Control load 

I/O Control Sense 

Jump on I/O Condition 

Base Cycle Steal 

III 
Store interrupt 
level status byte 
into LSR high 

L _______ ., 0 

• 
• • I 
I 
I 
I 

DDBi1r=m=~===' 

I 0 

I 

Mnemonic 

10l 

IDS 

SllSB 

10Cl 

10CS 

JIO 

I ''"'"''''1<= 
I • 
I I 
I I 
I I I 

L::.!:~:=~~ _____________________________ !~~~~~=.!.. _____________ !~A~~.!::!O!~!.. ______________________ LA.::~~{==:O.:!9!! ______ J'::1'::'2':~:.!!~ _____________ .l~.~:!_ 



Select Attachment 

CPU 

I 

Channel 

Function 
F· Id Ie 

Attachment 

I Interrupt ~ I III Level Default High SDR Low I .-- I 
CBO Bits 0-2 0001 

11011 1 Modifier 1 Function H21Roeg 21 I 
Commandj 

. 1L1 
I r- Fixed 1:;8 11 12 13 15 I I 0010 

Interrupt '---

..--- fli 001 IL2 I 
/ " ...l 

,----- Timer 

! ~ I 1 0011 

I System I I I IL3 

I Bus Out III MPXPO I 0100 
BusOut I II r--

I 1111 IL4 

..1 I 0101 

A. \ /' I IL5 
MSP ,- I I Port Data 

12 15 I I Bus Out I Interrupt 1 Port Address I I - I 
BitsO-3J Level 0000 I Data I 

I Buffer 

I WRO Low I 

Receive Status Byte from Attachment 

CPU I Channel I Attachment 
I 1 
I Data I 
I ~ 1 
I 1 

III System !m MPXPO 1111 Bus In Data In . 
LSRs . 

I I 
I 

'----
I 

Select 1m I I 
I I It"""" LSA I I 

Select High or 1 
Low Byte I I 

1 I I 

~~~~0 :1 !I 
I I 

Op Modifier Function H2 Reg 2 I I Z///~'//~ 
SDR ! I 

Assemble 
Address and 

FSL Command in Select I/O Attachment; Send Command and Modifier 
Page Channel to Attachment on CBO and MPXPO Bus Out 

CPU Clock PCIIO T3 13A 138 T3E ( ( 
J 

D 1/0 Instruction PCl38 
I~O~ { 

Port Clock PC526 COO COg C03 C07 COF COE COS \ \ C07 COF COE 

II SDR Low to Channel PC220 -
II SDR High to Channel PC220 -
II WRO Low to Channel PC230 

II Device Address and Modifier PCS06 
MPXPO Bus Out ,-

iii Command to CBO PC542 , .. 

D Control Out Pwrd PC512 .1 

iii Strobe Pwrd PC512 J.{ 

II Service In PC51S 

1m Select LSR PC240 

IDWrite LSR PC1S0 

II Data to Port SBI PC506 

III Data to MPXPO Data In PC100 

lEI Service Out Pwrd PC512 

Dill Advance Time PC518 

PortO 

8-11 

Command 8us Out 0-2 

II 
MPXPO Bus Out Bits 0-7 

---~--------+J Gale 8~ 

t----------------I Port Clock .. 1IIlIIlO------------+I Control 

1 Advance Time 

I 
1-___ --'1\ " Service In 

Command Bus In 0-5 

I I 
Control Out Pwrd II 
Strobe Pwrd/Service Out Pwrd II 

I LID 
MPXPO Bus Out Bit P 

~~Ir---~ -
lEI T MPXPOOatalnB;tsO-7.P ~ ,system Bus In B;tsS-

I15--------iiiiii-----GJ-P-G----------:......;r ~ 
pc", Parity OIeck B 
PG '" Parity Generate 

COS 

Bit 0 Bit 1 

33FD/53FD 
Data 

33FD/53FD Unit 
Seek Record 

T4 T5 

C12 Cl0 cIa 

~ 

Command Bus Out 

III Strobe 

II Control Out 

lEI Service Out 

System Reset 

Adapter 
Circuits 

a 
Service In 

Multidevice Re$ponse 

Data Bus Out 

level 4 Interrupt Request 

Base Cycle Steal ReQuest 

CB10-5 

Data 8us In 

Bit 2 Bit 3 Bit4 Bit 5 Bit 6 

Disk 2 
Data 

Comm 
Line 1 

Work Disk 2 
Station 1 

Printer 1 
Seek 

I I I 
Send Status Byte to Channel 

~ 

T6 

C19 

CCB 

COl 
Bit5 

Receive Data Byte from Attachment 

TSE ( l 
J J 

~ 

Cl3 Cl7 CIF CIE CI5\\C17 Cl F 

I (, 

J 

, 

--,-- -------- ==:J --------

, 

Work Station Attachment 

Attachment Status 

OBI BufferS 
g::::nd 1-__ CO=ntr:.::0:::iller~s:::laill:'u~' ----4~-I~~ 

CCDO 

Controller 
Command 
Decode 

cel 
Bit 4 

Controller 

Receive 
Binary 

1-_,00; __ +1 Status 

~jiio~ __ ~ COeD 

Bit 7 

Disk 1 
Data 

Disk 1 
Seek 

CIE 

OR 

OR 

Receive Data 

Transmit Data 

TO T1 

CI6 CO2 

- I-

• 



~ Sense Interrupt. Level Status Byte (Detail) 
&h 

Select Attachment 

CPU 

, 
I 

High SDR low I 
!IOll!Modifier! Function !H2! Reg 2! I 

I t -"-T' ;~':,'.I 
I System i I 
I Bus Out III 
I 1111 

A 
, /' I ,-

I 
12 15 I I Interrupt I Port Address I I 

Level 0000 I 
WRO low I 

Receive Status Byte from Attachment 

CPU I 
I 
I 
I 

System 
Bus In 

LSRs 

II 

~~ Select High or 
low Byte 

~~:-';vf-;~l !II ~J ~~~j ";~~on H2 Reg 2 

SDR i 

+ Storage Bus Bit 0 Jl1 
1 P07 

9 

,--

II 

Channel 

Function 
F Id ,e 

D~ 

'-----
~ 

'-----
Data 
Buffer 

Channel 

Data 

~ 

~ 

Attachment 

I 
!II 

Interrupt 
Level Default Bit 0 Bit 1 Bit 2 8it3 8it4 Bit 5 

CBO Bits 0-2 0001 
ILl 

See Note 1 

Command, 
Fixed 

I 0010 
Interrupt Data 

001 112 I Timer 
Comm 

I 0011 

I Il3 

MPXPO Ig - 0100 Unit Work 
Bus Out IL4 

See Note 2 
Record Station 1 

Printer 1 

I 0101 
IL5 

MSP 

I Port Data I I I I Bus Out 
I 

Bits 0-3 t Send Statu. Byte to Channel 

I 

I 

I Attachment 
I 
I 
I 
I 

MPXPD 1m Data In 

I 
I 
I 
I 
I 
I Notes: 
I 1. Diskette level 1 data. 
I 2. Diskette level 1 seek or diskette level 2 
I seek or data. 

! 3. 62EH disk 1 seek/62PC disk A and B seek 

or data. 

CP System Control Card A-A 162 

,..----+ II AlU 

MOR II Function 
~ Bits 

J13 
P09 
Gll 
G13 
M04 

~ m: ~ 
I 

7 M03 

Bit PHi G09 

+ Storage Bus Bit 8 G12 
9 P06 

10 P02 
11 J12 
12 M02 

13 P04 
14 P05 
15 M05 

f- Storage Bus Bit La P G02 

+ lOOns Osc Pwrd J06 

_ + Special Sys Rst 513 

- Run latch OeD Ml1 
+ Storage Cycle Request Pl0 

+ Branch Cond Met 007 

- Command Bus in Bit 4 Gated 004 

+ BPC Tgr G03 

- CBI Bit 1 Cycle Steal Read SOB 

- CBI Bit 0 Cycle Steal Incr S06 

+ Mode Selector Sw Bii 1 J04 
2 J02 
3 J05 

- Control Storage Sw 006 

+ Carry LogPCR 8it4 812 

+ CSY Tgr New J07 
- Advance Time from Channel MOB 

INTteS LSR Decode 0 S11 
1 510 
2 U13 

-f Address Switch 3-4 Bit 2 M12 
-t Address Switch 3-4 Bit 3 504 

+ MC Interrupt l1h U12 
- New CSIPL Cycle P13 

- CBI Bit 2 Cvcle Steal Adr Set 0 Ptl 
- CBI Bit 3 Cycle Steal Adr Sell MOO 

Board Tiedown U12 

+ Storage Bus Bit Lo P J12 
+ Storage Bus Bit 15 Jll 

~ 

~ r-!----< 
I 2 

I 1 

1 

~ 
1 

I 3 

I I 

I I 

I 2 
I 

3 

~ 
I 4 

I 

l -= 9 
14 G12 

13 P02 
12 M03 W 
11 GIl 

10 Gl0 

9 M02 
8 J13 

+ Storage Bus Bit Hi P G13 
-t Storage Bus Bit 7 G09 

6 P06 
5 MOO 

J10 
M05 

9 

I---H 

-I CSY Tgr New .lO9 
'~ 
(--1 

2 P04 
M04 
POS 

-f Reset SOR Hi P07 

- 5ys Bus In Bit P BOO 
15 Ml0 
14 M13 

II 
13 MOO 
12 MOl 

9 

11 MOO 

10 MIl 

9 M12 
8 P09 

II + Stg Gt Hi Sit 0 Fixed G03 II 2 

Ii + St9 Gt Hi Sel Bit 1 GOB 

all -I $tg Gt Lo BitO II 5tgGt L-o Bit 1 011 

Board Tieup 513 

,I 2 

'1~+5V 
006 

Board Tieup U13 

+ T3 and Phase A PIO 

1 

~+5V 

-I Clock SAR and X Reg·~ Pl1 
1 

+ SpeCial Sys Rst J07 
1 

- Select Stg Gate Data P12 1 
4 

+ ALU Func 81t 0 B03 
1 010 
2 009 

-I Carry In 507 ~ 
3 B09 

-t ALU Gate Hilla Sel 0 G04 
1 GOO 
2 G07 

I 3 

I 
I 16 Bit AlU Operation G02 

1 

-I LSR Address Bit 0 U06 
1 U05 

1m 2 505 
3 P13 

5 506 
-f New LSR Addr Bit 4 S03 

- Write LSR lo 511 
- Write LSR Hi B13 

I 6 

I~ 
I 1 
I 1 

~ 

~ 
T 

Times 

~ r ~ 
Stg 

Gate 
Bits 

~ 
~ Control 

Storage 

I 

Access 
I--< 

;;J r 
AlU 
Gate 

...::: Hi/lo 
Write 
Stg 

>-- -
Carry in 

Clock 
SAR -l 

r 'L 
Clock CS 

Write lSR 
Hillo 

r 
Clock .. Stg 
Gate 

? 
Check 

h 
lSR 

Address 

""""""""!" Status 
Select 

r 
CP Data Flow Card A-A 1 H2 

L ... 
I.........-. 

Parity 
SDR Hi 

r 
f 

• .J -.J J II 
Panty 

StgGt I 
Hi 

I I r T 
• 

I T • .. 
}=:r '":~ I 

... 
-;::::j X Hi Reg I rr "I"" I 

T T 
• 

~ r 
Carry 

I 
AlU Hi 

I 
! I I Driver I I 

... "f . 
Parity 

AlUGtHi 
All Ones Low 

I I r 
I 

Bit 6 Bit 7 

62EH 62EH 
Disk 2 Data Disk 1 Data 

62EH 
Disk 2 Seek See Note 3 

f--

~ 
I --

I 
----1 

• , 
SDR la 

• -' ~_rll 
Stg Gt 

la 

.. 
I I I 

Driver 

1 

rf Y la Reg I 

... ... L LSR 

AlU Lo Im--
La -- II 

• I • 
tt 

AlUGt lo ~ 

4 

2 I 
1 

~ 
I 

1 

1 

5 I 
I 

1 , 
I 

3 

3 

1 

3 

I 
I 

3 I 
I 

1 

1 

2 I 
-I 

5 

3 

2 

1 

011 + AlU Func Bit 0 
010 

Jl0 
J09 

MOO - Clocked MOR P Check 
005 + Sense/Load MSP Registers 

512 + T3 and Phase A 

804 + T4 Thru T6 

802 +T7 Pwrd 

509 + Phase A 

~~~ : !t!~[S~:~iO Fixed II 
009 -I 5tg Gate Hi Sel e,t 1 

:~~ : ~:: ~::: ~~ ::: ~ a 1111 

B08 + Control Storage Access 

B 13 + Single Cycle 

G05 + ALU Gate HI/la Sel 0 
Gl0 1 
Bl0 2 

BOO + Write Stg Hi 
002 -I Write Stg Lo 
012 -f 16 Bit ALU Operation 

M07 + I/O Instruction D 
Ml0 - Storage Function 
U09 - Select Storage Gate Data 

811 +Carrvin 

U07 -t Clock SAR and X Reg 

013 -Write LSR Lo 
GOO - Write L5R Hi 
BOO - Clock ALU Gale Check Tgr 

Ul1 - Clock Stg Gate Check Gated 

S07 + :5 Not Display Storage 

G04 + Status Card 211 

503 -I New LSR Addr Bit 4 

U06 ... LSR Address Bit 0 
M13 1 
P12 
U05 
S02 

GOO + Status Sel 0 
U04 1 

S05 2 
G07 -I Status Functiol" 0 
U02 

J06 + SDR P Check 

I 

2 I 
1 

2 I 
-I 

-4 
J 
--Hi 

l 
1 

1 

1 

y 

9 

G05 + Stg Gate HI Gen P Bit. Test Pm 

002 -I Stg Gate P Check 
Ul1 + 5tg Gate low Gen P Bit, Test Pin 

804 + 5ys Bus Out Low Pl 
D04 -I SyS Bus Out low P2 

U02 + 5ys Bus Oul Bll 8 

U04 9 
S02 10 

::a 1111 
11 
12 

Ul0 13 
SOB 14 
510 15 

B02 + Pty Predict Carry Out HI. Test Pm 

J05 + Data 4 

509 + ALU Error 

013 + ALU Zero 

J02 + Carry or Ones 

012 + SyS Bus Out Bit 0 
D07 1 
812 2 

BOO 
807 
805 

BI1 
D05 

4 
5< 

610 + SyS Bus Out HI Bit P 



FSL 
Page 

CPU Clock PCllO 

111/0 Instruction PC13a 

Port Clock PC526 

fJ SDR Low to Channel PC220 

.. SDR High to Channel PC220 

II WRO Low to Channel PC230 

II Device Address and Modifier PC506 
MPXPO aus Out 

iii Command to CBO PC542 

II Control Out Pwrd PC512 

iii Strobe Pwrd PC512 

II Service In PC518 

1m Select LSR PC240 

ill Write LSR PCl60 

IfJ Data to Port SB I PC506 

III Data to MPXPO Data In PC100 

m Service Out Pwrd PC512 

II Advance Time PC51a 

Stanga Gate High 

Bit 0 Bitt Reslilhr Gated Thru 

LSRH~ 

1I~T-~~-+~;~~~~:21t~~a~t~5----4 

{

X Reg High BitsO 3 
SDR 811$4-7 
Stg Gate High Bit P . 

StorateGate Low 

Bit 0 Bit 1 Register Gated Thru 

1r-°~1-_0~+-~LS~R~~~ ____ ~ 
SDR Low 
S81 Bits 8-15 

1I~ __ ~ __ ~ __ 0_u,~pu_'S~~~G_a'_e_Hi~9h~ 

System Bus Out Command 
Function Bits Bus Out Command 

8 9 to 11 0 t 2 

0 0 0 0 o 0 110 Load 

0 1 0 0 0 1 110 Sense 

Assemble 

Address and 

Command in 

Channel 

T3 T3A T3B 

~ 

COO COg C03 

- -

Mnemonic 

10L 
105 - 0 1 0 0 1 Sense Interrupt Level Status Byte SILSB 

", 0 1 0 I (0 Control Load 

1 0 0 1 1 1/0 Control Sense 
0 1 1 1 Jump on I/O Condition 

0 1 Base Cycle Steal 

II II 

- 8.19 ms ~ock 513 
- Microinterrupt Request 4 B02 

- Interrupt Level 5 ReQ JD6 

+ Svs Sus Out Bit 8 U13 
9 S09 

10 U06 
11 U07 
t2 U12 
13 ·511 
t4 S08 
t5 S05 

+ Sys Bus Out Low Pl S07 

Not Used 013 

IIi + I/O Instruction J05 

+ System Reset D07 

+T7Pwrd B06 

+ Muh:tdeviee Response M03 

- MPXPO Data In 0 Ul0 
1 U05 
2 Ull 
3 S12 
4 510 

U09 
U04 
U02 
S03 

- Command Bus In 4 J13 

- Command Bus In 5 Gll 

II -Service In 809 

- eSI Bit 1 Cycle Steal Read S02 

- CBl Bil"2 Cycle Steal Ad, Sel 0 Dt 2 

- OisklOsk, (Load) BC ReQ Jl1 

- Disk/Dskt Block Processor Clock J04 

- Base Cvcle Steal Request G 13 
+ MC I nteHupt Lth B 13 

+ Phase A D09 

+ CSY Tgr to Channel G07 
- paR or Reset Key G10 

- Microinterrupt Request 1 804 
2 B03 
3 D02 

- System Unit Lamp Test D06 
+ Enable Interrupt G02 
- Run Latch OCD J09 
+ T3 .nd PIlaR A BOS 

- Boa.d Tiedown 3 .102 
Not Used GOS 
Not Used Jl0 

I 
I 

I 
I 
I 

14:-

I 

:OCL 
10CS 
JIO 

II 

SBO Bits 8-11 

SBOBits 8-11 

8-11 
SBO Bits 12-15 

t-:--

I 

,--

,--

"-
Select I!O Attachment; Send Command and Modifier 
to Attachment on CBO and MPXPO Bus Out 

T3E ~ l 

C07 COF COE C06 \ \ C07 COF COE COG C12 

( ( 

.. Command Bus OUt 

II Strobe 

B Control Out 

III Service Out 

Syttem Re~t 

Adapter 
Circuits 

iii Service1n 

Multide"ice Response 

Data Bus Out 

Level 4 Interrupt Request 

Base Cycle Steal Request 

Receive Data Byte from Attachment 

T4 T5 T6 T6E 

Cl0 C18 C19 C13 C17 C1F C1E 

~ 

----

Work Station Attachment 

Attachment Status 

~=:nd t-___ COiiin'iii'oiiiller_S'iiatuii' ____ +I 

eCBO 

Controller 
Command 
Decode 

Qmtroller 

joiiiiiiiio~--+l eDBO 

D80 

SERDES 

Control i--'Sh>!!!.!..!ift~--l 

( l 

I 

C16 \ ) C17 

q 

J 

----------------

DB10-7 
OR 

OR 

CBI CBI 
Bit 5 

CB10-5 

III Data Bus In 

CP Port Card A-A 1 L2 

2 

3 
Function 

4 = .. 8-11 Decode 
Command --

t ,l 

Port Register 

Data Buffer Device 

4 0-3 0 
~ Addressl 

4 • 8-11 r- Data 
Device - Address! ~ 

r-
Data - r--

5 CBOI 

t 
Data - 3 ____ 

~n 2 4 

4 12-15 
Modifier! 

Bit4 Receive 
Binary 

Data 

Gate 

Recei\le Data 

Transmit Data 

I 

3 I 
I 

a 

~ 
Data 

L Port Checks '"'" 

B 
4 4-7.P 

7 ~ t 2 Register 

1 ·1 
1 

~-CLI ! II 
1 

1 
Cycle 2 I 9 Steal 

I T 5 5 

,... Port L I Control 
Port Status 

2 I 9 Port Clocks 3 

I 2 

5 
Control 

1 I 3 

-Clock ~ 
Decodes I 5 4 

10 

iI 
I 

Interrupts 
2 1 

f 1 

\ 

\ 

TO Tl 

C1F C1E C16 CO2 

--~ 

- -

/ 

! 

J12 ,- Command Bus Out Bit 0 

:: D ~ 

M02 - MPXPO Bus Out Bit 0 

M04 t 
M05 • M06 II M07 
MOS 
MOO 
MID 

P02 - Sys Busln Bit 8 
P04 9 
P05 

IfJ 
10 

P06 tl 
POO 12 
Pl0 t3 
Pll 14 
P13 15 

J07 + New Channel Check 

M12 - Control Out Pwrd IJ 
B07 + BPe Tgr 

G04 - Command Bus In Bit 4 Gated 

Dtl a Disk Strobe 
G03 +, Storage Cycle Reques:t 
G12 - Xfer Error Gated or J1 0 Echo 
MIl - Service OUt Pwrd III 
M13 - Strobe Pwrd II 

G09 Adva~ce Time from Channel II 
P07 - Sys Bus In Bit P 
P12 - MPXPO Bus Out Bit P 

Bl1 - I NT /CS LSR Decode 0 
GOS 
812 

DID + Interrupt Req to Run Lth 
D04 - Proc Interrupt 1 
DOS 2 
80s 

810 - Disk Bunt Mode Gated 

G06 Not U~d 



/ 
/ 
! 

Control Processor Load Function (MPLF) 

1 0 1 1 Modifier Function H2 Reg 2 

o 3 4 7 8 11 12 13 15 

This function of the I/O immediate instruction 
does not go to the channel but remains in the 
control processor. It performs functions (such 
as loading registers)' sets/resets conditions, 
and enables/disables conditions. 

Modifier (Bits 4-7): Specifies the type of load 
function to be performed by the command. 

Function (Bits 8-11): Decoded by the control 
processor as an internal load function when bits 
10 and 11 are eq'ual to binary 10. 

Modifier 2 (Bits 12-15): Combines with bits 
4-7 to specify the type of load function to be 

performed by the command. 

Control Processor Sense (MSPl 

Bit2 Bit 3 

The contents of o 0 1 1 Invalid 
these bytes or Interrupt logout 
switches are status 
moved to an 
LSR. This 0 1 o 0 Stop Main Overlap MSIPL 
data can then Console key storage off device 
be used by the status address select 
program. byte compare switch 

0 1 0 1 Switch 3 Switch 3 Switch 3 Switch 3 
Addressl 8 4 2 1 
Data 
switches 
3 and 4 

0 1 1 0 8.19ms 16.38 ms 32.77 ms 65.54 ms 
liD clocks 
low byte 

0 1 1 1 3211S 64 11S 12811S 256 115 
liD clocks 
high byte 

1 0 0 1 Switch 1 Switch 1 Switch 1 Switch 1 

Addressl 8 4 2 1 

Data 
switches 
1 and 2 

1 Q 1 0 SDR P MORP Storage ALU 
CPU error check check gate P gate P 
byte check check 

1 0 1 1 Flag Plus Minus Zero 
PCR 

IDS (Channel/Port) 

4 5 6 7 Bit 0 

8it4 

1/0 
request step interrupt 

mode check 

Switch 4 Switch 4 Switch 4 Switch 4 
8 4 2 1 

131.1 ms 262.1 ms 524.3 ms Is 

512J.Ls 1.02 ms 2.05 ms 4.lOms 

Switch 2 Switch 2 Switch 2 Switch 2 
8 4 2 1 

Control Main' Main 
storage time-outl storage storage 
invalid SAR invalid excep-
addrl check addrl tionl 
SAR MSAR MSAR 
check check check 

Carry High log Low log Equal log 
log 

Sense Port 0 0 0 0 --------------- Data ---------
Register 

Sense Port 0 0 0 MPXPO 
Error Byte bus out 

Invalid OBI 
device P check 
address 

I/O 
time-out 
check 

CBI/DBI System 
not zero bus out 

P check 

,If.' 

port 

Control Processor Sense (MPS) 

1 0 1 1 Modifier Function H2 Reg 2 

o 3 4 7 8 11 12 13 15 

This function of the I/O immediate instruction 
does not go to the channel but remains in the 
control processor. A byte of data is moved to a 
local storage register to be used by the 
program. The byte contains one of the 
following: 

Console status 

Address/Data switches 1-4 

Processor condition register 

I nterrupt status 

Modifier (Bits 4-7): Selects the byte of data 
or status to be moved to the selected local 
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 byt&\ 

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 (Interrupt Status/Code) 

The interrupt code indicates which -hardware 
interrupt level the control processor was 
executing on when the error occurred that 
caused the logout. A decode of the interrupt 
code in terms of a hardware interrupt level is as 
follows: 

Interrupt Code 
(Bits 5-7) 

I nterru pt L~vel 
(Hex). ~ . 

o 
1 

2 
3 
4 
5 
7 

I/O Sense (lOS) 

Hardware Interrupt Level 

5 
4/Base cycle steal 
Base cycle steal/Burst cycle steal 
3 
2 
1 / Burst cycle steal 
O/Main level 

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. 



I/O Storage (WTCL, WTCH, 
ROCL, ROCH, WTM, ROM) 

WTCL (I/O load from control storage low) 

WTCH (I/O load from control storage high) 

RDCL (I/O store to control storage low) 

RDCH (I/O store to control storage high) 

WTM (I/O load from main storage) 

ROM (I/O store to main storage) 

o 34 78 910111213 15 

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

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

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

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

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

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

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

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

C = 0: Main storage 

C = 1: Control storage 

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

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

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

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

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

Register 2 (Bits 13-15); Selects one of the 
eight local storage registers assigned to the 
present interrupt level that contains the storage 
address needed to move the data. The address 
in the specified local storage register may be 
updated as specified by bit 11 (field D) and bit 
12 (field V). 

Bits 
4 89 10 11 12 
001 0 
101 0 

001 
1 0 1 

00 1 '0 0 
1 0 1 0 0 

000 0 
100 0 

000 
1 00 

000 1 0 0 
100 o 0 

X010 01 

XO 10 1 1 

X010 00 

XOO 0 0 1 

XOO 0 1 1 

XOOOOO 

Legend for Bit 4: 
X: Not used 

Mnemonic 
RDCL 
RDCH 

RDCL 
RDCH 

ROCL 
RDCH 

WTCL 
WTCH 

WTCL 
WTCH 

WTCL 
WTCH 

RDM 

ROM 

ROM 

WTM 

WTM 

WTM 

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

1/ a store to control storage, 
decrease register 2 by 1 

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

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

I/O load from control storage, 
decrease register 2 by 1 

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

1/ a store to main storage, 
increase register 2 by 1 

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

I/O store to main storage, 
no change to register 2 

I/O load from main storage, 
increase register 2 by 1 

I/O load from main storage, 
decrease register 2 by 1 . 

I/O load from main storage, 
no change to register 2 

• 



~ I/O Storage (Load-Big Picture) 
a.6 

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

CPU I Channel 
WRO Low I 

I 
I 

Port Data 

~ IDeVice I 0000 J I 
Address I 

MPXPC I II 
Bus Out I .... 

I .. 
I 
I 

~ 12 ;3--" I II 
( ): II --

I System II 
I Bus II 

I 
CBO I .. l \ JI II 
Command I ,. 

Attachment 

L
l lOut II 

~--/I 
I Op I Mod lolwlclDlvlReg 21: 

I II L--__ ---I 

I 

Assemble 

Decode 
Bits 8-12 

Address and 

I 
I 

FSL Command in Select I/O Attachment; Send Command and Modifier 
Page Channel to Attachment on CBO and MPXPO Bus Out 

CPU Clock PCllO T3 T3A T3B T3E 
200 ns 

D I/O Instruction PC138 
...--

Port Clock PC526 COO C09 C03 C07 CoF 

fJ SO R Low to Channel PC220 -
II SDR High to Channel PC220 -
II WRO Low to Channel PC230 

II Device Address and Modifiel PC506 
MPXPO Bus Out r--.-

o Command to CSO PC542 t"'---

II Control Out Pwrd PC5l2 

III Strobe Pwrd PC5l2 

II Service In PC5l8 

mI Select LSR PC240 

m Storage Cycle PC012 

m Data to Port S81 PC506 

iBJ Data to MPXPO Data In PC100 

mI Service Out Pwrd PC5l2 

1m Advance Time PC518 I 
I 

The first 'strobe pwrd' pulse after the rise of 
the' control out pwrd' line signals the I/O 
attachment that the device address and the 
command information on the' command bus 
out' and 'M PXPO bus out' lines are valid. The 
rise of the' service in' line signals the port that 
the I/O attachment has taken the information 
from the 'command bus out' and 'MPXPO bus 
out' lines and is ready to receive data. 

The first I strobe pwrd' pulse after the rise of 
the 'service out pwrd' line signals the I/O 
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 I/O attachment 
has taken the data byte from the 'M PXPO bus 
out' lines. 

Mlin Stor3gePr0C8$sor (MSP) 

COE 

( ( 
J 

I 

C06 \ \ C07 

~ ( 

CoF CoE 

I [CS 110·112) 15 

IA-A1E2. D4 

I 
I 
I 
I 
I 
I 
I 
I ToM" 

fromCP --

----I 
I 
I (Pcooo· 

10991 
LA.Alf2 

C06 C12 

EJ 

Send Data Byte to Attachment/Receive Data Byte from Attachment 

CPU 

Main or 
Control 
Storage 

t m 
LSR 

T4 T5 T6 

Cl0 C18 C19 

I 
SBO I .. 

: 
.. 

...SBI 

" I 1m I 

Em I 
I 

Channel 
Port Data 

~ 
MPXPO I 
Bus Out I 

MPXPOj 

I~ Data Inj 

"ill I 
I 

"'---- I 
I 

Receive Data Byte from Attachment 

T6E 
( ( 

I I 

I 

C13 C17 C1F C1E C16 \ \ C17 C1F 

( ( 

--- ---- -------- =:::J --------

Control Pro(;e$$or (CP) 

.. ,. 

C1E 

~~~:~~=~----------
L _______ , 0 

HI Em;===---'=~ 

I 0 

I 

Attachment 

TO T1 

C16 CO2 

- ~ 

SYSBVSln l ¢, 



.. 

iii 

Gate channel 
command bits 
fromSDR low 
to channel 

Gate modifier 
bits from SDR 
high to channel 

Gale device 
addr~from 

WROlow lSR 
to d\annel 

1. Select the attachment 

2. Send command and the 
modifier to the 

attachment on eBO and 
MPXPO bus out 

is used to assemble 
the device address 
and the command in 

Establish 
channel/dfNice 
and control DOli 

II 8-11 

Advance Time 

Load address in 

X high. X low. 
andSAR 

PortO 

No 

address (reg 2J 

selected LSn 
address (reg 21 

storage 

lO<ld data byte 

Irommain 
storage into SOR 

(reg 2) 

Send data byte 

through port to 

Complete 
channel 

Command Bus Out 0-2 II 

MPXPQ Bus Out Bits 0-7 II 

~ 
1\------\'1,. (, Service In 

Command Bus In 0-5 

I I 
Con"ol Out Pw<d D 
Strobe Pwrd/Service Out Pwrd II 

I em. 
MPXPQ Bus Out Bit P 

4-\ r~------

" 

-:~&aln~8-lr~:~~~~~_MP_x_ro __ D_m_l_n_Bi_U_G-_7_'_P~~~_pc~~~~~~~~~~-.: Jf ~4ug 
PC' Parity DIeck 8 

3-\I'~j 
PG ~ Parity Generate 

Subtract 1 from 

selected LSR 
addre~s (req 2) 

TIf'wTd 

Data Bus In 

Load address into 
X high, X low, 

Data 
Bus In 
Assembler 

Disk Attachment 

~ I 
D,sk 

• 



c.o liD Storage {Load-Detail} 
~ ..n 

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

CPU I 
WRO Low I 

IDeVice I 0000 I 
Address I 
~12 1~_, I II 

r 1: II 
I System II 
I Bus II 
I 

J:
l lOut II 

\ II fJ 
L--/I 

I 0. I MOdloltlolt,g 21 
. I 

Channel 
Port Data 

~ 

MPXPC 
Bus Out 

·1 
I 
I 
III 
I .. - - ...... ---+-I~I I II' 

-

Decode 
Bits 8-12 

CBO 

I 
I 
10 
I ... 

Command I ,. 
I 
I 
I 

Attachment 

+ SAR Btt 1 809 
2 J06 

CP and MSP Storage Cards A·A1D4, E2 .. R2, S2, T2, U2, R4, S4, T4, U4 

Below 

3 005 SAR 
4 G12 II Address 

~ ~~ fo--;"'-+I 
7 J1Q 
8 J02 
9 D11 

10 J13 

+ 8K Group Select 010 
+ CSX 1 808 

2 007 1------1 
3 B05 
4 002 + ~ 

~I' ~:~t~/ I i_ 11 fmiff1±t~~~ 
+ Card Sel~ct B021 i Weitc 1 lb:=x:: 

: 6'a~:d~~~;:: ~g: 1-----1
1 

f------

LJ + Data In 1 GOO 
2 Gl0 
3 G05 II 
~ gg~~--------------------~+-~---+~~ .. ~~~~~~ 

Send Data'Byte to Attachment/Receive Data Byte from Attachment 

CPU 

I 
Main or SBO I 
Control 

: Storage 

t m ~SBI ~ 

LSR 

All Storage Cards 

Voltage referen"cesare 

+85Von 811,Gl1 

+ 5.0v on D03. J03 
- 5.0V on B06. G06 

GND on 008, J08 

1m 

J11 -I- Data Out 1 
J12 2 
J07 3 
J09 4 
J04 5 

I 
I 
I 
I 

See Tables 

.. ,. 

if) 

Channel 
Port Data 

~ 

----

MPXPO I 
Bus Out I .. 

MPXPOI 
,. 

.... Data Inl 

~ I IE] I 
I 
I 

Instruction 

I Op I Mod I+H+I Reg21 

o 3 4 7 8 91011 1213 15 

T 
1m 

II 
fJ 

Attachment 

II 
sso Bits 8~ 11 

SSO Bits 8-11 

B-11 

SBO Bits 12-15 

6 G04 
7 Bl0 

~ ~g I 

J05 6 

~~--~--~--~~--~--~~~--------------------------~gl~ ~ 
009 

Bit Dmler/Sense Amp 

Card -- A1E2 A104 A1R2.T2.R4,T4 A1S2.U2.S4.U4 ·Card j + Card Select ATR 0 to 3 

t Card Select F2 B 11 I + CS Card Select 0-16K F2S1' I +CSCardSelectO-16K I ~ MS Card St:lect 0 I _' MS CiJrd St'lect 0 Storage Gate High 
A 1 R2. 52 Q2U11 I + MS Card Select 0-32K 0000 

Bit 0 Bit 1 Regi5ter Gated Thru F2 DOS I + CS Write Pulse Hi F2D06 1+ CS Write Pulse Lo A 1T2. U2 02U12 I + MS Card Select 32-64K 0001 
I--A'~R~4~,S~4~~O~2U-'~3~1--'~MS~C~a-'d~S-ele-ct~6~4-~9~6K~r-O~Ol;no------I + Board Tleup I + Board Tleup t Data Strobe 

+ 8K G, oup Select J=2 J02 I + 8K Group Select F2 J02 1+ 8K Group Select Q2 UOg I - MS 8K Group Select La 02 UOg I -MS 8K Group Select La A1T4.U4 Q2S13 I +MSCardSelect96-128K 0011 

Card - A1E2 A1D4 ' A 1 R2, 52. T2, U2. R4, 54, T4, U4 Card· A1E2 & A1D4 A1 R2,52, T2.U2.R4.S4, T4,U4 

t Data Out 1 G2Jl1 + Storage Bus BIt G2G12 t Storage Bus Bit N2 G02 t MS Storage BU$ Bit 8 ~ SAA 81t F2 U07 + SAR Bit 6 02 S06 t- MSAR Bit 6 

G2 P07 G2 P06 N2 G03 F2M12 02S07 

G2J13 G2 P02 N2 G04 10 F2 U10 

G2 P09 G2 J12 N2 J05 ,F2 S06 P2803 

10 P2802 to 
G2G13 G2 P04 13 N2 G08 13 F2 M13 11 P2 B07 11 

G2 POS N2 J02 F2 P06 12 P2D07 12 

G2 M03 G2 M05 15 N2 G09 15 F2 U12 13 P2D05 

F2 U13 14 P2 BOB 14 

10 F2 M11 15 P2 DOg 15 
H2 007 H2 U04 P2 J04 + CSX 1 F2B13 +CSX1 02U04 +MSCSXl 
H2B12 H2502 10 

H2 B06 H2 S04 11 P2 J07 11 

H2 B07 H2 U09 12 P2 G02 12 F2 BOO I 4 02 U07 
H2 B05 H2 U10 13 P2 G03 13 + CSV 1 F2Dll I + CSY 1 Q2 SOB + MS CSY 1 
H2 B11 H2S08 14 P2 G04 14 F2D07 I 2 02509 2 
H2D05 H2510 15 P2 G06 15 

H2 Bl0 + System Bus Out Hi Bit H2004 + Sys Bus Out La P2 P2 B09 

CP Data Flow Card A-A 1 H2 

Board Tledown U12 

+ Storage Bus Bit Lo P J12 

+ Storage Bus Bit 15 J11 
14 G12 

13 P02 
12 M03 
11 Gl1 

10 Gl0 
9 M02 
8 J13 

+ Storage Bus Bit Hi P G13 

t Storage Bus Bit 7 009 
6 P06 
5 MaG 

Jl0 
M05 

19 

~ 

9 

'~ 
2 P04 
1 M04 
o P05 

+ CSY Tgr New J09 
t Reset SDR HI P07 

- Sys Bus In Bit P B08 

15 Ml0 
14 M1 3 
13 MOB 
12 MO 7 

11 M09 
10 Ml 1 

2 Ml 

P09 

31 
!I 
6i 

9 

2 

2 

11~+5V 
Board Tleup S13 

1 
3 

~+5V 
I 1 

1 

Board Tleup 

I T3 Clnd Phase A PlO 

+ Clock SAR and X Reg P1 1 

+ SpeclClI Sys Rst J07 
1 

1 
2 

4 
- Spl~ct Stg Gate Data Pl 

+ AlU Func Bit 0 BO 3 
1 01 0 
2 009 

~~ 
3 . BO 

+ Carry In SO 

+ ALU Gate Hilla Sel 0 GO 41 3 
1 GOO 
2 GO ;1 

1 
+ 16 Bit ALU OperatIon GO 2 

+ LSR Address Bit 0 UO 

1 UO 

L....i Driver 

-;:i 

• .. 1_ 
~ Parity 

SDR Hi SDR La 

I 
• I 

~'rD ., -, J II 
Parity 

Stg Gt J Sty Gl 

H; 

I I 

La 

r I 
t' • 

1 Driver I I I I , .. 
~ '":"'" I 

• rF X Hi Reg I Y La Reg 1 $ ,,,'c. 
I I . • • • • r L ... • L • Calry 

------.. 

I 
ALU Hi I 

ALU La 

I --
J 

\ • 
I 

'f ._L Pariry 
tt 

LJ All Ones Low 
ALU Gt La ALU Gt H; 

I ~ r 

La 

1m 2 ~~ :1 6 I -
~I~ 
11 ; 
3 I 

SO 
+ New LSR Addr Bit 4 SO 

- Write LSR lo S1 

- Write LSR HI B1 

LSR 

1 

1 

Storage Gate Low 

Bit 0 Bit1 

SBI Bits8 15 

Ix Reg High Bits 0 3 

SDR Bits 4-7 
Stg Gate High Bit P 

Register Gated Thru 

1Ir-~~~-t~~~~~~~~~W~w------1 
S81 Bits 8-15 

1IL-__ ~ __ ~ __ O_ut~pu_tS~tg~G_at_e_H;~gh~ 

J 06 • SDR P Ciwck 

G 

2 J 002 • 5tg Cdte P Check 

1 U 11 .. 519 G<lte Low Gcn P Bit, Te5t PHl 

2 18 04 + Sy~ Bus Out Low P1 
D04 ~ Sys Bus Out L'ow P2 

--1; 
U02 ~ Sys Bus Out B,! 8 

U04 9 
S02 10 

U~ fJ II a ~~ 
Ul0 13 
08 14 

10 15 

J 
I--

H, 

~ 
1 

B02 t- PlY Predict Carry QUI H" Test Pin 

1 
J 05 + Data 4 

1 
509 t ALU Error 

~J 013 + ALU Zero 
02 t- Carry or Ones 

9 

012 + SyS Bus Out Bit 0 
007 1 

812 2 

BOO 
B01 
B05 

Bll 
005 
810 +Sys Bus Out HI BIt P 



Assemble 
Address and 

FSL 
Page 

Command in 
Channel 

CPU Clock PCIlO T3 T3A 
200 ns 

• I/O Instruction PC13S ~ 

Port Clock PC526 COO 

fJ SDR Low to Channel pcno -
II SDR High to Channel peno 

II WRO Low to Channel PC230 

II Device Address and Modifier PC506 
MPXPO Bus Out 

II Command to CBO PC542 

II Control Out Pwrd PC512 

II Strobe Pwrd PC512 

iii Service In PC518 

BiJ Select LSR PC240 

II Storage Cycle PC012 

III Data to Port SB I PC506 

III Data to MPXPO Data In PC100 

II Service Out Pwrd PC51 2 

II Advance Time PC51S 

16K Jumper = 0 and 1 

- MSP. Clocks Stopped JIl6 

+. System Unit Lamp Test U06 

+ SyS Bus Out Hi Bit 0 M07 

1 P07 
·Jl0 
013 

4 B03 
5 802 

UI1 
S09 

P 513 

+ Sys Bus Out Lo Bit B Pl0 
9 MlO 

10 502 
11 S04 
12 U09 
13 P12 
14 SOB 
15 S10 
PI SII 

Jumper 16K 

JUlTIIJer pin 

-==- 0 0 0 1000t;"" -==- 0 :::: 
01 23 

bLLSLJO 
+ Clock SAR and X Reg S07 

+ MS CSY Tgr Signal G03 
+ T5 Not Display Stg 002 

+ Sense/Load MSP Registers 004 

+ Control Storage Acces.s .107 

- Storage Function J05 

- Check Run Switch GOO 
+ Write Stg Hi 805 

+ Write Stg La GaS 

+ lOOns Osc Pwrd J04 

+ MSP W ... ite Main Storage 012 

II + I/O Inst ... uction U04 

+PhaseA G12 

+ Data 4 Jll 
+BPCTgr P05 

- P ... ocesso ... Check B 12 

- POR 0 ... Reset Key J12 

- Load Key P ... essed Int P02 
- load Key Rel...... J09 

-·S.19ms Clock 513 
_ Microinterrupt Request 4 802 

- Interrupt Level 5 Req J06 "' 
+ 5ys Bus OUI Bit8 U13 

9 S09 
10 U06 

BIIII: ~ ~~~ 
13 511 
14 SOIl 
15 S05 

+ SyS Bus Out Low Pl 507 

Not Used 013 

II ... I{O Instruction ..105 

+ System Reset 007 

TT7 Pwrd 806 

+ Multidevice Response M03 

- MPXPO Data In 0 U10 

1 U05 
2 Ul1 
3 S12 

SID 
U09 
U04 

7 U02 
P S03 

- Command Bus In 4 J13 

- Command Bus In 5 Gl1 

- Service In B09 

- CBI Bit 1 Cycle Steal Read S02 

- eSI Bit 2 Cycle Steal Adr Set 0 012 

- DisklOsk' (Load) Be Req JI1 

- Disk/Dskt Block Processor Clock J04 

- Base Cycle Steal Request G 13 
+ Me Interrupt Lth 813 

+ Phase A D09 
... CSV Tgr to Channel G07 

- POR or Reset Key Gl0 

- Microinte ... rupt Request 1 804 

2 B03 
3 002 

- System Unit Lamp Test D06 
+ Enable I nte ...... upt G02 

- Run Latch OCD ..Il9 
+ T3 and Phase A BOS 

, 

L 
I 
L 

COg 

-

I 1 

I 1 

9 

~ 

1 

1 

L 3 

I 
1 

1 

2 

1 

1 

I 2 

: 1 

I 6 

I 

I~ 
- Board Tiedown 3 .1)2 

Not Used G05 

Not lhed Jl0 

I 

Select I/O Attacnment; Send Command and Modifier 
to Attachment on CBO and MPXPO Bus Out Receive Data Byte from Attacnment 

T3B T3E I T4 T5 T6 T6E , 
I 

C03 COl COF COE C06 \ ~ C07 COF COE C06 C12 Cl0 C18 Clg CI3 

r---

r- --
I, 

{ { 

CP ~ Control Card A-A1F2 

MSP 
Run 

L 
Indicator 

8 ~isplay 

SBO 

--+ Bits 

II 15 

SAR 

0 

--+ Parity 

Gen 
0 Address 

~ 
and 

15 SAR 
Checking ,---

0 

51 

Card 
Select 

~ 
r+ 

Storage Cycle 

I Storage 
Clock 150n. 

,l-
r----

'--+ ---=: Main Stg 
OpTgr 

~ + System Reset 
'----

Sys 
Rst 

CP Port Card A-A 1 L2 

2 

3 Function 
4 & .. 8-11 Decode 

Command -
t 1 

Port Register 

Data Buffer Device 

b- 4 Q.3--. 0 L., Address! 

4 • 8-11 ~ - Data 
Device -~ Address! ~ 

Data l..- --5 CBO/ 

- 3 r Data 
1-----

~n 2 4 

4 12-15 
Modifier! I-

Data L Port Checks '""' 

4 4-7.P 

7 ~ 
2 Register 

..eI' 1 

2 Cycle 

9 Steal 

T 5 ,.. Port L Control 

1 2 
Port Status 

9 Port Clocks 

I 2 

5 
Control 

1 . I 

5 

10 

2 

CI7 

Bit2 

r--=:: 

I ( 
I 

C1F C1E C16 \ ~ C17 C1F C1E 

{ { 

----- -------- =::::J --------

1 

9 

I 10 

I 2 

10 

4 

CSy 

I 

I 

TO 

C16 CO2 

- I-

U05 - MSP Run Indicator 

M03 - Display sao Bit 8 
512 9 

;:' fJ II:~ 
GOB 12 
Gl0 
GIl 
G13 
M02 

II 

U07 +SARBit6 
M12 7 
Ul0 
506 
P13 
M13 
P06 
U12 

ID 
10 
11 
12 
13 

U13 14 
Ml1 15 

13 
14 
15 

010 - Ctl Stg Address Chk 
D09 - Ctl 5'g 5AR P Chk 

Bll + Card Select 0-16K CS 
505 Not Used 

810 Not Used 
G02 Not Used 
B13 + CSX 1 

B08 + CSX 2 
B07 + C5X 3 
BOO + CSX4 
D11 + CSY 1 
D07 + CSY2 

Pll + CSY Tgr New 
J13 + CSY Tgr to Channel 
GOO + Write MSP Register 

Tl 

I 
Tgr 

~ Osc 

2 J 

J02 + BK Group Select 

P04 + 100 ns Osc Pwrd 

3 

1 

1 

5 

3 

8 

I 
Gate 

r 
8 

t 
1 

1 

II 
1 

1 

I 
5 

3 

3 

Clock ~ 
Decodes 

4 

=Jl 
Interrupts 

1 

t 1 

I 

J 
I 

DOS + CS Write Pulse High 
006 f- CS Write Pulse Low 

U02 - Advance Clock From Channel 
809 + Write Main Storage 
G04 + CP Clock SAR Gated 

G07 + Main Stg Op Tgr 

MOB + System Reset 

03 - New CSIPL Cycle 

I~ MOO - CSIPL Cycle 
804 - Load Indicator 
M05 - T ranner Complete 
M04 + Special Sys Rst. I 

, 

I 
I 

.I 
I 

I 
I 

I 
I 

J12 - Command Bus Out Bit 0 
S06 1 
S04 2 

M02 - MPXPO Bus Out Bit 0 

M04 1 
M05 
MOO 
M07 
MIlS 

M09 
MID 

P02 - Svs Bus In Bit B 
P04 9 
P05 

P06 
P09 
Pl0 
Pl1 
P13 

10 
11 
12 
13 
14 
15 

J07 + New Channel Check 

M 12 ~ Control Out Pwrd 

807 + ape Tgr 

G04 - Command Bus In Bit 4 Gated 

011 • Disk Strobe 
G03 + Storage Cycle Request 
G12 - Xfer e ...... or Gated or Jl0 Echo 
Ml1 - Service Out Pwrd 
M13 - St ... obe Pwl"d 

G09 Advance Time from Channel 

P07 - Svs Bus In Bit P 
P12 - MPXPO Bus Out Bit P 

Bll -INT/CS LSR Decode 0 
G08 
812 

010 . + Interrupt Req to Run Lth 
004 - Proc Interrupt 1 
D05 2 
805 

Bl0 - Disk Burst Mode Gated 

G06 Not Used 

• 



~ I/O Storage (SenstrBig Picture) 
U) 

Select Attachment 
(Address, Modifier, and Command to Attachment! Send Data Byte to Attachment/Receive Data Byte from Attachment 

WRO C~o~ I Channel I Attachment CPU Channel 
Port Data 

Attachment 

IDevice I 0000 I I PB~Pe~ta I 
Address I I 
8 1112 15 I I 
~ ,,--, 11_ MPXPC II r \ I f- _ ..... B.US.O.u.t ... I"-"IH 

I !I II_I II" 

I System II I 
I Bus II I 

r:.l lout II I 11m. 
\ II 11- CSO .. 
~_/ I Command T ,. 

I 0. I Mod~rlwI41t .. 211 D.ood. : 
I Bits 8·12 I 

I 
Buffer 

MPXPO 1m 
Mainor m SBO I II .. Bus Out I' -... 
Control 

: 
II" MPXPq ,. 

Storage 

t ... SBI ~ Data Inl 
... I ... I 

LSR' I I 

1m I I 
I I ~I 

Assemble 
Address and 

FSL Command in Select I/O Attachment; Send Command and Modifier 
Page Channel to Att.chment on CBO and MPXPO Bus Ou~ Send D.t. Byte to Attachment 

CPU Clock PC1IO 

D 1/0 Instruction PC 138 

T3 T3A T3B T3E ( I 
T4 T5 T6 T6E ( I 

~ 
I I ) ) TO 

, r r 

Port Clock PC526 COO COg C03 C07 COF COE C06 ~ ~ C07 COF COE C06 CI2 C10 C18 Clg CI3 C17 C1F CIE CI6 ~ ~ CI7 CIF CIE CI6 CO2 

II SD R Low to Channel PC220 -
II SDR High to Channel PC220 -
II WRO Low to Channel PC230 

II Device Address and Modifier PC506 
MPXPO Bus Out r - r 

iii Command to CSO PC542 r·-· 

D Control Out Pwrd PC5l0 

II Strobe Pwrd PC5l0 ( ( ( ( 
J 

II Service In PC5l8 

1m Select LSR PC240 

m Storage Cycle PC230 

is Gate SDR to Channel PC220 

lEI Data to MPXPO Bus Out PC024 r---

III Service Out Pwrd PC5l0 

1m Advance Time PC5l8 --
The first 'strobe pwrd' pulse after the rise of 
the 'control out pwrd' line signals the I/O 
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 I/O attachment has taken the 

information from the 'command bus out' and 
'MPXPO bus out' lines. The rise of the 'service 
in' line also signals the port that the data byte 
on the 'MPXPO data in' lines is valid. The rise 
of the 'service out pwrd' line signals the I/O 
attachment that the channel has taken the byte 
from the 'M PXPO data in' lines. 

Main Storage Proc:eSSOl (MSP) 
Port( 

ChanJlel 

r---------------~-----------------------------------------,----------------------,-------------------------------------------,-----I, :5ys8us Out Low FromCP To MSP I I 
rr=====:'~'1 -. 7 I MSSto,&9I' Bus PC .:; I 

I I 

"Dltallowous hne,may not pass thrauth FRUs_st>own 

I I 
I I 110 8'0 'c : 

SDR ~ I 
I 0 0 s~~ SuI Qui Low I 

10-------I I 
115~1 

L!:===*:::I MO" PC ! 
I 0 I ~~~=~~ 
I I 
I --

I A-A 1 Board I 
-----------------, 

B 
7-,,,,-:-, =-,.,-:c, .c:c,------i 1 G~le 

~~~~~~~----------

LEGENO 
rP'Par;lyPPed,el 

PG· P3f1'yGenerale 
pc. Pafl1VCheck. 

T1 



I/O Immediate 

Base Cycle Steal 

I/O 
Instruction 

I·fetch 
operation 

Select lSR WRO 
low 

Gate channel 
command bits 
from SDR low 
to channel 

Gate modifier 
biufrom SDR 
high to channel 

Gate device 
address from 
WROlow lSR 
to channel 

1. Select the attachment 

fJ 
-I-­

I 

: 
I 
I 
I 
I 
I 

ill 
I 
I 

: 
I 
I : 
Ja 

2_ Send command and the II 
modifier to the 
attachment on CBO and 
MPXPO bus out II 

Establish 
channel/device 
and control 

II 
8-11 

fJ 
III 

LSR WRD low (bits 
8·11) contain the 
device address. 

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

Read from storage, 
write to 1/0 

Select LSR per 
bits 13-15 

Load address in 
X high, X low, 
and SAR 

Add 1 to 
selected LSR 
address (reg 2) 

Address control 
storage 

through port to 
attachment 

PortO 

~----------------l Port Clock I.oi ... ____________ ... ~ Control 

IlIJ 1 Advance Time 

No 

m 

III 

Subtract 1 from 

selected LSR 
address (reg 2) 

Send data byte 
froni control 
storage high 
through port to 
attachment 

Complete 
channel 
attachment 

communication 

Load address into 
MSAR, X high, 
and X low 

Load data byte 
from main 
storage into SOR 
(reg 2) 

Send data byte 
through port to 
attachment 

Complete 
channel 
attachment 
communication 

Command Bus Out 0-2 

II 

I~ ____ -\rl f. Service In 

Command Bus In 0-5 

I I 
Control Out Pwrd II 
Strobe Pwrd/Service Out Pwrd II 

I Lm 
MPXPO 8us Out Bit P 

1m 

III 

In 

1m 

selected LSR 

address !reg 2J 

Disk Strobe 

T7PWrd 

Disk Block 
Processor Clock 

Data Bus In 

Wnte to storage, 
read from I/O 

Select LSR per 
bits 13-15 

Load address into 
X high. X low, 

and SAR 

selected LSR 
address (reg 2! 

Address control 
storage 

Data 
Bus In 
Assembler 

No 

Subtract 1 from 
selected LSR 
address (reg 2) 

Store data byte 
in control 
storage high 

Complete 
channel 
attachment 
communication 

Disk Attachment 

Load add reSS into 
MSAR, X high, 

and X low 

Add 1 to 
selected LSR 

address (reg 21 

Address main 
storage 

Store byte from 
attachment in 
main storage 

Complete 
channel 
attachment 
communication 

~} Disk 

Subtract 1 from 

selected LSR 
address (reg 2) 

• 



~ I/O Storage (Sense-Detail) 

m 
Select Attachment 
(Address, Modifier, and Command to Attachment) Send Data Byte to Attachment/Receive Data Byte from Attachment 

CPU I 
WRO Low 

IDeVice I 0000 I I 
Address I 
8 11 12 15 _ I ... 

I ~,-" ... 

" \1 I II II 

Channel 
Port Data 
~ 

MPXPC 
Bus Out 

I 
I 
I 
III 
I ... 

~- .... ---... ~ I ,.. 

'--­

Decode 
Bits 8-12 

I 
I 

CBO 
10 
1 II. 

Command I 
I 
I 
I 

Attachment 

CP and MSP Storage Cards A-A1D4, E2, R2, S2. T2. U2. R4. S4. T4. U4 

See Tables 
Below 

+ SAR Bit 1 B09 
2 J06 
3 005 
4 G12 
5 813 
6 006 
7 Jl0 
8 J02 
9 011 

10 J13 

T csv 1 G08 

+ CSV 2 G02 

+ 8K Group Select 010 
TCSXl 80S 

2 007 
3 B05 
4 002 

+ Card Select 802 
+ ReadIWrite 004 

+ Data Strobe 804 

OJ 

~-

L 
I 

~ 
Add .... 

'--------

----x---
Selection 

-

~ 
Write 

-

I I I I I I I I 
H H' n n a H u H , 

A A A A A A A A A 
0 1 2 3 4 5 6 7 P 

8 9 10 11 12 13 14 15 P 
A A A A A A A A A 

11'4 tt tt4 tt4 ttt4 tt4 

+ + + + + + + + + + + + + + + + + 
801 
SA 

1J11J It It I tit I f I f 

+ Data In 1 G09 
2 Gl0 
3 G05 
4 G07 
5 GOO 
6 G04 
7 Bl0 
8 812 
P S07 

+ ~ + 
, , , , I OJ 

Bit Driver/Sense Amp 

C8rd- A1E2 A1D4 A1R2. T2. R4. T4 A IS2. U2. S4, U4 

+ Card Select F2 Bl 1 1 + CS Card Select 0-16K F2B11 I + CSCard SeIf!C1:0-16K I + MS Card Select 0 I + MS Card Select 0 

+ ReadiWrne F2 p05 , + CS Write Pulse Hi F2 006 1+ CS Write Pulse Lo 02510 I + MS Write Pulse Lo Q2511 I + MS Write Pulse Hi 

+ Data Strobe I + Board Tieup I + Board Tieup 02 S03 I + MS Data Strobe Lo 02504 I + MS Data Strobe Hi 

+ SK Group Select F2 J02 I + 8K Group Select F2 J02 I + 8K Group Select 02 U09 I - MS 8K GI'"OUP Select Lo 02 U09 I MS 8K Group Select Lo 

Card- A1E2 A1D4 A1R2. 52. T2. U2. R4. 54. T4. U4 eanl-

+ Data Out 1 G2J11 + Storage Bus Bit G2 G12 + Storage Bus Bit N2 G02 + MS Storage Bus. Bit 8 +SAR Bit 1 

G2P07 G2P06 N2G03 2 

G2J13 G2P02 10 N2G04 10 3 

G2P09 G2J12 11 N2J05 11 4 

G2Gll G2M02 12 N2 J07 12 5 

G2G13 G2P04 13 N2GOB 13 6 

G2M04 G2P05 14 N2 J02 14 7 

G2M03 G2M05 15 N2 G09 15 8 
G2G09 PHi G2G02 lo P N2 J06 9 

+ Data In 1 H2012 + System Bus Out H2UD4 + System Bus Out Lo P2 J02 + MS Gt Out Bit 10 

H2007 H2UD4 P2 J04 +CSX 1 

H2B12 H2S02 10 P2 G07 10 2 

H2BOG H2SO4 11 P2 J07 11 3 

H2B07 H2U09 12 P2 G02 12 4 

H2B05 H2U1D 13 P2 G03 13 +CSYl 

H2Bll H2S06 14 P2 GD4 14 2 

H2005 H2S1D 15 P2 GOG 15 

H2Bl0 + System Bus Out Hi Bit H2 004. + Sys Bus Out Lo P2 P2 809 

CPU Channel 
Port Data 

Attachment 

m I ~ 
MPXPO 1m 

Main or SBO I 16 ... 
Control 

: 
,. 

Storage 

t ~SBI 
... I 

LSR I 
I 1m I 

AIlS_CanIs 

Voltage refe ... ences are: 

+ 8.5Von Bl', Gll 
+ 5.0V on 003. J03 
- s.nv on BOO. G06 

GNO on 008, JOB 

Jl1 + Data Out 1 
J12 2 
J07 3 
J09 4 
J04 5 See Tables 
J05 6 Below 
012 7 

g~ g 

*Card j + Card Select 

A1R2.52 02Ull I + MS Card Select 0-32K 

A1T2. U2 02U12 I + MS Card Select 32-64K 

A1R4.S4 Q2U13 + MS Card Select 64-96K 

A1T4. U4 02513 I + MS Card Select 9S-128K 

A1E2&A1D4 Al R2.S2. T2.U2. R4.S4. T4.U4 

F2 U07 +$AR Bit 6 02SOG + MSAR Bit 6 
F2M12 7 02 S07 7 

F2Ul0 8 P2 BOO 8 
F2S06 9 P2 B03 9 
F2P13 10 P2 B02 10 

F2 M13 11 P2 B07 11 

F2P06 12 P2 D07 12 

F2 U12 13 P2 D05 13 

F2 U13 14 P2 BOB 14 

F2M11 15 P2 D09 15 

F2B13 +CSX 1 02U04 +MSCSX 1 

F2B08 2 02 U05 2 

F2B07 3 02UOG 3 
F2 BOG 4 02U07 4 

F2011 +CSY 1 02 SOB +MSCSVI 

F2007 I 2 02S09 2 

Bus Out I ... 
MPXPOI ,. 

~ Data Inl 
... I 

I 
I 
I 

Instruction WRQ Low 

Op Mod 

34 

II 

ATR 0 103 

0000 

0001 

0010 

0011 

7 8 910 11 1213 15 

fJ 

T 
mJ 

Storage Gate Htgh 

Bit D Bit 1 

a 
SBOBits 8-11 

SBO Bits. 8-11 

8-11 

SBO Bits 12-15 

Register Gated Thru 

1Ir-~-+~~+-~~~~R~R~~~!~~----~ 

Storage Gate Low 

Bit 0 Bit 1 

SBI Bit. 8-15 

{

X Reg High Bits 0-3 

SDR Bit. 4-7 

Sty Gate High Bit P 

Register Gated Thru 

1Jr-~-+~~+-~L~SR~~~W~ ____ ~ 
Elr-7--+~~+-~~~~I~~~~~S~~_~1~5----1 
1IL-__ -L ____ ~~O~UI~p~ut~S~~~G~at~e~H~igh~ 

CP Data Flow Card A-A 1 H2 

Board T.edown U12 

+ Storage Bus Bit Lo P J12 
+ Storage Bus Bit 15 J11 

14 G12 

13 P02 
12 M03 
11 GIl 
10 GID 

M02 
J13 

+ Storage Bus Bit Hi P G13 
+ Storage Bus Bit 7 G09 

6 P06 

M06 
Jl0 

3 M05 
2 P04 

M04 
o P05 

+ CSY T gr New J09 
+ Reset SDA Hi P07 

- Sys Bus In Bit P BOB 
15 Ml0 
14 M13 
13 MOB 
12 M07 
11 M09 
10 MIl 

M12 

PDB 

" 

-.L
g 

W 

9 

1 

r-----1 

9 

2 II + Stg Gt Hi Bit 0 Fixed G03 
+ 519 Gt Hi 5el 811 1 GOB 'I 

;! 2 

Board Tieup 513 

Board Tieup U13 

+ T3 and Phase A· P10 

+ Clock 5AR and X Reg P11 

+ Special Sys Rst J07 

- Select Stg Gate Data P12 

+ ALU Func Bit 0 B03 
1 010 
2 D09 
3 B09 

+ Carry In S07 

+ ALU Gate HilLa Sel 0 G04 

1 GOG 
2 G07 

+ 16 Bit ALU Operation G02 

+ LSR Address Bit 0 U06 

1 U05 

lID ~ :~ 
5 S06 

+ New LSR Addr Bit 4 S03 

- Write LSR Lo 511 

- Write LSR Hi B13 

1~+5V 

1 

~+5V 1 . 

1 

1 

1 

4 

~ 
I 3 

I 
1 

I 6 

I~ 
1 

• -- SDR Hi 

I -I l' lJ 
Sty Gt 

Hi r I • 
1 I • ~ '";~ I ~ XHiReg I 
J 
• • • • 

't r 
1-

ALU Hi 

~ Driver I 

.. ... 
ALU Gt Hi 

I I 
I 

• 

L , 
Parity 

SDR La 

I 

1J"Tra 
Parity 

Stg Gt 

I I 
Lo 

... 
J Driver I I • • ~ 

r1 [flu .... YLaRegJ 

• .. 
Carry 

.. • L 
ALU Lo .-

I La 

I --
I I • I I I • 

Parity ++ 
All Ones Low 

ALU Gt Lo W 
r -

1 

1 

21 
I 

2 1 

--1 
LSR J --Hi 

l 
1 

1 

1 

~ 

9 

JOG + SOR P Check 

G05 + Stg Gate Hi Gen P Bit. Test Pm 

002 + Stg Gate P Check 

U11 + Stg Gate Low Gen P Bit. Test Pin 

B04 
004 

U02 
U04 
502 
S04 
U09 
Ul0 
SOB 
S10 

+ Sys Bus Out Low P1 
+ Sys Bus Out Low P2 

+ SY5 Bus Out Bit 8 
9 
10 

fJ a:~ 
IJ 

13 
14 
15 

m 

B02 + Pty Predict Carry Out Hi. Test Pin 

..105 + Data 4 

S09 . + ALU Error 

013 + ALU Zero 

J02 + Carry or Ones 

012 + SyS Bus Out Bit 0 
007 1 
B12 2 
BOG 
B07 
B05 
Bll 
D05 
B10 + Svs Bus Out Hi Bir P 



Assemble 
Address and 

FSL 
Page 

Command in 

Channel 

CPU Clock PC110 T3 T3A 

D 1/0 Instruction PC138 
~ 

Port Clock PC526 COO C09 

II SDR Low to Channel PC220 ~ 

11 SDR High to Channel PC220 ~ 

.. WRO Low to Channel PC230 

III Device Address and Modifier PC5D6 
MPXPO Bus Out 

III Command to CBO PC542 

IJ Control Out Pwrd PC510 

II Strobe Pwrd PC510 

III Service In PC518 

B!J Select LSR PC240 

m Storage Cycle PC230 

II Gate SDR to Channel PC220 

III Data to MPXPO Bus Out PC024 

lEI Service Out Pwrd PC510 

II Advance Time PC518 

I 
I 
1 

- MSP Clocks StOPPed J06 I 1 

16K Jumper -= a and 1 

o 

+ System Unit Lamp Test U06 I 1 

+ 5ys Bus Out Hi Bit 0 MO 7 
1 P07 
2 Jl0 
3 D13 
4 803 
5 B02 
6 Ull 
7 S09 
P S13 

+ SyS Bus Out La Bit 8 Pl0 
9 Ml0 

10 S02 

9 

11 S04 
12 U09 ..,i.. 
13 P12 
14 SOB 
15 S10 
PI S11 

Jumper 16K 

O 0 0 J~::a~:nin .... 
•••• o t 23 

+ Clock SAR and X Reg 507 

1 

1 

:1 3 
+ MS CSY Tgr Signal G03 
+ 15 Not Display Stg 002 

+ Sense/Load MSP Registers 004 :1 
+ Control Storage Acc;ess J01 1 

- Storage Function J05 
1 

- Check Run Switch G06 2 
+ Write Stg Hi 805 

+ Wri1e Stg Lo G05 
1 

+ 100 ns Osc Pwrd J04 
1 

! I 2 -t- MSP Write Main Storage 012 

11+ 1/0 Instruction U04 

: ~ 1 +PhaseA G12 

+ Data 4 J11 
+ BPC T9' P05 

- Processor Check B 12 
- POR or Reset Key J12 

- Load Key Pressed Int P02 
- load Key Released J09 

- 8.19 ms Clock 513 
- Microinlerrupt Request 4 802 

- Interrupt LevelS Req J06 

+ SyS Bus Out Bit B U13 
509 
U06 
U07 iii 

II 0 1~ 
11 
12 U12 
13 511 

IJ 14 508 
15 505 

+ SyS Bus Out low Pl 507 

Not Used 013 

D + I/O Instruction ..105 

+ System Reset 007 

+ T7 Pwrd BOO 

+ Multidevice Response M03 

- MPXPO Data In 0 Ul0 
1 U05 

Ull 
512 
510 
U09 

6 U04 
U02 
S03 

- Command Bus In 4 J13 

- Command Bus In 5 G11 

II -Service In B09 

- CBI Bit 1 Cycle Steed Read S02 

- CBI Bit 2 Cycle STeal Adr Set 0 D12 

- DiskfDskt (Load) Be ReQ 

6 

I 
1 

- Disk/Dskt Block Processor Clock J04 l 
I 

Base Cycle Steal Request G13 
+ MC Interrupt Lth 813 

+ Phase A 009 1 
+ CSY Tgr to Channel GO? 

- POR or Reset Key G10 

- Microintcrrupt Request 1 804 

2 B03 
3 D02 

- System Unit Lamp Test 006 
-t- Enable Interrupt G02 
- R un Latch OCD J09 
+ T3 and Phase A 808 

1 

i~ 
- Board Tiedown 3 J02 

Not Used G05 
Not Used Jl0 

T3B 

C03 

I Select I/O Attachment; Send Command and Modifier 
to Attachment on CBO and MPXPO Bus Out Send Data Byte to Attachment 

T3E ( ( T4 T5 T6 T6E 
( ( 

II 

C07 COF COE C06 ) ) C07 COF COE C06 C12 Cl0 C18 C19 C13 C17 CIF CIE C16))C17 C1F 

r - , 

.... _-

\ \ ( \ 

'!< 

r- -. 

CP Storage Control Card A-A 1 F2 

MSP 
Run 

L 
Indicator 

8 Display 
SBO 

~ Bits 

m 15 

SAR 

0 l 
~ Parity 

Gen 

rl 
Address 

and 
15 SAR 

I Checking r---

01 

51 
Card 

Select 

~,----: 
r-

Bit 2 

CSY 
Tgr 

I I 

~ 

Storage Cycle 

I 
~ 100 ns 

Osc 
Storage 

Clock 150 ns 

.r-
~ 
~ Main Stg 

OpTgr 

~ + System Reset 

Sys 
Rst 

CP Port Card A-A 1 L2 

2 

3 
Function 

4 OIIJ 8-11 Decode 
Command --

t 1 

Port Register 

Data Buffer Device 

1=- 4 0-3 0 --+ Address/ 

0 4 8-11 ::: f------o. Data 
Device 

~ Address! ~ 
i-

Data 
5 CBO! 

I ,--- 3 r Data 
1-:---,-----

~n 2 4 

-11 4 
12-15 

Modifier! 
~ Gate 

Data 

L 'M""~"" 4 4-7,P 

7 U 
2 Register t 

L 

~l ! 

J I 2 Cycle 

9 Steal I 
T 5 y 

r Port L-. Control 

Port Status 
2 
9 Port Clocks 

I 2 

5 Control 

[ ! 
Clock t=J Decodes 

5 

10 n Interrupts 
2 

t 

C1E 

1 

9 

10 

2 

10 

4 

1 

2 

3 

1 

1 

5 

3 

8 

8 

1 

1 

1 

1 

5 

3 

3 

4 

1 

1 

TO T1 

C16 CO2 

J 

~ 

I 

J 
1 

'1 

J 
1 

J 
1 

·1 

I 

,-",," 

U05 - MSP Run Indicator 

M03 
S12 

- Display·SBO Bit 8 
9 

~OO: II o ~~ 
GOB 
G10 
Gll 
G13 
M02 

II 

U07 + SAR Bit 6 

M12 
Ul0 
S06 
P13 

M13 
m 

7 
8 

10 
It 

P06 12 
U12 
U13 

13 
14 
15 

12 
13 
14 
15 

010 - Ctl St9 Address Chk 
009 - Ctl 5,g 5AR P Chk 

Bl1 + Card Select 0-16K CS 
S05 Not Used 
810 Not Used 

G02 Not Used 
Bt3 +CSX 1 
B08 + CSX 2 
B07 + CSX 3 
BOO + CSX 4 
011 + CSY 1 
007 +CSY2 

Pl1 + CSY Tgr New 
J13 + CSY Tgr to Channel 
G09 + Write MSP Register 
JQ2 + BK Group Select 

PQ4 + 100 ns Osc Pwrd 

005 + CS Write Pulse High 
006 ~ CS Write Pulse Low 

U02 - Advance Clock F rom Channel 

B09 + Write Main Storage 
G04 + CP Clock SAR Gated 

G07 + Main Stg Op Tgr 

MOS + System Reset 

S03 - New CSIPL Cycle 
MOB - CSIPL Cycle 
804 :- Load Indicator 
M05 - Transfer CompleIE 
M04 + Speci(;ll Sys Rst 

I 
I 

-I 
I 

I 
I 

_1 
-, 

I 
I 

J12 - Command BusOut Bit 0 

~: III ~ 

M02 - MPXPO Bus Out Bit 0 
M04 1 

~: II 2 

M07 
M08 
M09 
MtO 

P02 - Sys Bus In 81t 8 

P04 9 
P05 10 
P06 
P09 
Pl0 
Pl t 
P13 

11 
12 
13 
14 
15 

J07 + New Channel Check 

M12 - Control Out Pwrd II 
807 + BPC Tgr 

G04 - Command Bus In Bit 4 Gated 

011 • Disk Strobe 
G03 + Storage Cvcle Request 
G12 
MIl 
M13 

- Xfer Error Gated or Jl0 Echo 
- Service Out Pwrd ill 
- Strobe Pwrd II 

G09 Advance Time from Channel 1m 
PO? - SyS Bus In Bit P 
P12 - MPXPO Bus Out Bit P 

Bl1 - INT/CS LSR Decode 0 
GOB 1 
612 

D10 + Interrupt Req to Run Lth 
004 - Proc Interrupt 1 
005 2 
605 4 

B10 - Disk Burst Mode Gated 

G06 Not Used 

II 



~ Jump on I/O Condition (JIO) 

lh" 

,0 0 Modifier I Page Address 

o 3 4 1 8 15 

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

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

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

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

Modifier Field 
Setting 
4 5 6 7 Description 

a a a a Adapter check 
o 0 0 1 Adapter not ready 
o 0 0 Busy condition 1 
0 0 1 1 Busy condition 2 
0 0 0 I nterrupt enabled 
0 1 0 1 Diagnostic real 
0 1 0 Diagnostic not real 
0 Available for 
through I/O attachment 
1 1 1 1 needs 

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

Jump on I/O Condition (Big Picture) 

Main Storage Processor (MSP) 

I-fetch 

I-fetch 
operation 

Select LSR WRO 
low 

LSR WRO low (bits 
8-111 contains the 
device address. 

The channel clock 
is used to assemble 

Gate SDR low to 
channel (page 
address is not 
usedl 

--.- the device address 
1)1 and the command in 

" 

I the channel. 

Gate SDR high 
to channel 
(modifier bits 4-7) 
(op code bits 0-3) 

I 
I 
I 
I 
I 
I 
I 

III 

Gate device 
address from 
WRO low LSR to 
channel 

--, 

II 
II 

1. Select the attachment 0 
2. Send command and the 

modifier to the 
attachment on CSO and 
MPXPO bus out 

Establish 
channel/device 
and control 
processor 
communication 

r---------------r------------------:::::---------------~::,-::;-----------

IICS 116-n2) 15 

I A·A1E2. D4 

I , , 
I 
I 
I 
I 

F,omcp. Tz..M! 

----I 
:IPCOOQ. 

L::;{~.z 

EJ 

~~~:~~=~----------

~::-c-----I 2Cott 

Control PrllceS$Of [CP) 

Gate MAR low 
into SAR (bits 
8-151 

L _______ , 0 

Yes 

Hi EH1r===~==; 

I 0 

Gate page address 
from instruction 
into MAR low and 
SAR (bits 8-151 

S'fss ..... n l ¢ 

I 
I 
I 

I I 
L~:~:=O~':! _____________________________ !:c:!.!.":.~~.!.. _____________ !~A.!.K.!!c:.°!.~!.. ______________________ L~~:..'::O~~ ______ ~.:::.:.2..!~~~! _____________ J!.:!~_ 



Control Processor Channel ' Attachment 
~---------------1---------- -=---"----

Select I/O Attachment 
Assemble Address and and Check for Jump 
Command in Channel 

I 
WRO Low I 

I I Device I I. Address 
0000 I 

L 

I 

I Op I Modifier 

II 1m 
LSRs 

,,-, ,. " I MPXPO 

I System \ I Bus 
Data Out I Bus I 

III Out 11 
Buffer 

I I 
Page II II 
Address l a ) I Com-

\ mand 

" - ./ I Decode 
I 

1m 
I 
I 
I 

! 

FSL 
Page 

Assemble Address and 
Command in Channel 

200 ns 

on I/O Condition 
I 
I 
I 
I 
I 
I Attach-

II I ment 
I .. 
I 

.. 
I 
I 

B! 
Command 

: 
CBI 

(bit 4) 

I 
I 
I 
I 

I 
Select I/O Attachment; Send Command 
and Modifier to Attachment"on CSO Send Data Byte to Attachment 
and MPXPO Bus Out -, TO T1 T2 T3 T3A T3B T3E ---------- --- T4 T5 T6 ---------------- TO etc Control Processor T-Times PCllO 

If) Phase A PC110 ~ 
I 

• I/O Instruction PC138 
I 

I 

I 
ill Advance Time from Channel PC518 I 

Sys Bus Out Valid 
I SDR ! SDR : LSR I 

Low I High I 

Port Clock C-Times PC526 COO COO COO COO C09 C03 C07 COF COE C06 C07 COF 

II MPXPO Bus Out Valid 
I 

- Dev Addr and Cond Code 

II Control Out Pwrd PC512 
I 
I 

II Strobe Pwrd PC512 

ill Service In PC518 

I I L) f-----l 
I 

I 

1m Service Out Pwrd PC512 
I 

II Strobe SD R Low Data PC526 rI (function) I 
I 

II Strobe SDR High Data PC526 r-l lop code and modifier) 

I 
II Strobe LSR Data (WROL) PC526 n (device address and port address) 

II CBO 0 PC542 I I 

II CBO 1 PC542 
I 

I 
II CB02 PC542 I 

II Load Data Buffer PC502 
I 

r-t.....J! 

II Gate Data Buffer to MPXPO PC506 
Bus Out/Sys Bus In 

1m Clock Port Register PC502 

Cond DA I 

I 
,----, DA and CBO 

m CBI Valid (bit 4) to Port PC512 I 
(CBI bit 4) 

Ii Write LSR (L) (BOC met] PC160 
I 

m CBI 4 Valid to CPU PC512 
I 

(CBI bit 4 gated) 

1m Select SDR (L) (BOC met) PC230 
or LSR (L) (BOC not met] PC240 

I 
I 

1m 

II PortO 
8-11 

OJmmand Bus Out 0-2 fJ 

1-__ 8.M.PX.P.O "".~'" ... ~ 

I/O 
D Instruction I '\-, -.:Se::::'c::v''''cec:.'n''--__ i!I 

~~--~~~~~~------~~~~~~------------------------__________ w~m~m~.n~d~B~u'~I~n~O~-~5~1-.~ 

III I I 
Control Out Pwr~ D 
STrohe Pwrd/Servlce Out Pwrd 

4 I c: 
I-_~,\---------~MPXPO Bus Qut Bit P 

3 ---\I 'r---, 4---\ \-\----__ 

T \ 
_ MPXPO Data In Bits 0-7, P ~ 

,System 8us In Bits s-101S--------0iiiii0_-----GJ·PG-----..;.----: ~ EJ 
PC = Parity Oteck B 
PG = Parity Generate 

1 Advance Time 

;----------------1 Port Clocks .. 1IIIIIIII-_____________ +1 Control 

I 
I 

I I 

I I I ,-----, 

I 

I 
COE C06 C12 Cl0 C18 C19 C13 C17 C1F C1E C16 C17 C1F C1E C16 CO2 COO COO 

I 
I 

I 
I 

I L)f-----1 I 

I 

I I ," 

I 

I 

I 

,------, 

I 
I 

I 
r-l---------------n 

I 

I 
I I 

Service In 

Command Bus In Bit 4 
-----'I I "''===-==-=-'''--''''-'1 Test 

---,w=n'=w~1 o,,-,u,,-' --f Adapter 

--'5""'""'obe=--__ .., Controls 

Service Out 

Port Data Bus In 

Data 
Bus In 

Condition 

True 

IPL 

I 

Select SDR (page address) to write MAR (LSR) I 

~---------------~ 

fJ 
Jump on ,to Condition 

Test Condition 

Sense 

Sense Condition ~ 
---------------~ 

Sense ~ 
Read Data 

COO COO 

L--

-



~ Jump on I/O Condition (Detail) 
LO 
a.O 

Control Processor 

WRO Low 

I Device I J I L Address 0000 I 
...... --.1---------' ilL'" -', ! 

t System \ ; 
I Bus I 

III Out t! 

Channel 

Assemble Address and 
Command in Channel 

I 
MPXPO I 
Bus I 

, Attachment 

Select.lOAitachme"irt 
and Check for Jump 
on I/O Condition 

Attach­
ment Data Out B l 

BufferP. ........ ~I .. ~r~ 
I 
I 

B! 
Command 

1 Page Ji :'1 I Op I Modifier I I 
... -r-...... ___ ........ _A_dd_r_es_s ... , I Com-

o .. ! i 
L---------------------~~r-==~~~--------~ mand 

,_/1 I Decode 

LSRs 

I 
I 
I 

1 
CBI 
(bit 4) 

I 
I 

CP System Control Card A-A1G2 

... Storage Bus Sir 0 Jl1 
1 P07 

J13 
P09 

4 G11 
5 G13 
6 M04 
7 M03 

Bit P Hi G09 

+ Storage BU$ Bit 8 G12 
9 P06 

10 P02 

l' J12 
12 M02 
13 PQ4 

14 P05 
15 M05 

+ Storage Bus Bit Lo P G02 

+ 100 ns Osc Pwrd J06 

+ Special Sys Rst 513 

9 

~ 

1 

~---< 
_ Run Latch OeD Ml 1 L 2 

+ Storage Cvc:le Request Pl0 

+ Branch Cond Met 007 
I 1 

IS -Command Bus In Bit 4 Gated 004 

+ ape Tgr G03 

- CBI Bit 1 Cvcle Steal Read S08 

1 

.~ 

- cal Bit 0 Cycle Steal Incr 506 
1 

+ Mode Selector Sw Bit 1 J04 
2 J02 
3 J05 

l 3 

I 
- Control Storage Sw 006 

1 

+ Carry Log peR Bit 4 812 
1 

+ CS Y Tgr New J07 11- Advance Time from Channel MO 
L 2 

81 

INT/CS LSR Decode 0 Sl 1 
1 S10 

3 

2 VI 3 

t Address SWitch 3-4 Bit 2 M1 2 2 
t Address SWitch 3-4 Bit 3 S04 

I MC Interrupt Lth U1 

- New CSIPl Cycle P13 21 4 

- CBI Bit 2 Cycle Steal Adr Sel 0 Pl1 
- cal Bit 3 Cycle Steal Adr Sell M09 ,/ 

~ ~ 
--=:: 
r 

r---i-< 

J 
J 

II ALU 
Function 

MOR 1\ Bits 

t-- I 

--
I 

'---'-' 

T 
Times 

~ .....-
Stg 

Gate 
8i1s 

rC! 
~ 
~ Control 

Storage 
Access 

r+l 
r---< 

I 
·ALU 
Gate 

~ 
HilLa 
Write 
Stg 

t:::::!: f---

Carry in 

Clock 
SAR '4l 

C JL 
r 

r--r=: 
~ 

~ 

r 

Clock CS 
Write LSR 

HilLa r--

Clock W 
Stg 

r------
Gate 

Check IJ 
r--

LSR 
Address 
Status 
Select 

CP Data Flow Card A-A 1 H2 

Board Tiedown U12 

+ Storage Bus BiT Lo P J12 

+ Storage Bus Bit 15 Jll 
J::- 9 

14 G12 
13 P02 
12 M03 -..J 
11 G11 
10 G10 
9 M02 
B J13 

+ Storage Bus Bit Hi P G 13 

+ Storage Bus Bit 7 GOO 
6 P06 
5 M06 

JIO 
M05 

2 P04 
M04 
P05 

9 

1 
+ CSY Tgr New J09 

+ Reset SOR Hi P07 t-- 1 

- Sys Bus In Bit P BOS 
15 MlO 
14 M13 
13 MOB 

12 MO 7 
11 M09 
10 M1 1 
9 M12 

8 P09 

II + 5tg Gt HI Sit 0 Fixed 

+ Stg Gt Hi Sel Bit 1 

31 
II 

GO 
GOO 

il 

9 

2 

2 
'OElIl + ~::~: ~~ ::: ~ 006 

01 11~+5V 
Board Tieup 513 

Board Tleup Ul 

+ T3 and Phase A PlO 

1 3 
~+5V 1 -

+ Clock 5AR and X Reg Pl1 
1 

+ Special Sys Rst J07 
1 

- Select Stg Gate Data P12 1 
4 

+ AlU Func Bit a 80 3 
1 01 0 
2 009 
3 B09 

+ Carry In SO 7~ 
+ AlU GaTe Hilla Sel 0 GO 

1 G06 
2 GO 

~ I 3 

; I 
1 

t 16 Bit ALU Operation GO 2 

+ LSR Address Bit 0 UO 
1 UO 

ml ; ~~ 
5 SO 

+ New LSR Addr Bit 4 SO 

II ~ V::i:: ~~~ ~~ ~~ 

:1 6 

~I~ 
~ I 1 

.. 
L J .. 

~ 
Parity 

SDR Hi SDR La 

r- EI 

-- fll J .. , J J II~ ... 
Panty 

Stg Gt Stg Gt 

Hi 

J I 

La r I .. • • I J Driver 

I I l .-
~ • 

.. 
rf 

_. 
~ X Hi Reg 1 Y Hi Reg 1 rr Y La RegJ X La Reg 

I I I • • • • • ... L 

~ • ... .. 
Carry 

I 
ALU Hi 

1 
ALU Lo -- La 

r ,.. 
J I I Y Driver I • I 

~ _t:. 
Parity 

t_t 
W All Ones Low 

ALU Gt La ALU Gt Hi 

I Ij r 
l I-I"'""'-

4 I 
I 

2 _I 
I 

1 

1 

1 

1 

5 I 
I 

1 
I 

1 

3 

3 

1 

3 

I 
1 

3 1 
I 

1 

011 ... ALU Func Bit 0 
010 I 

J10 2 
J09 3 

M06 - Clocked MOR P Chock 
D05 + Sense/Load MSP Registers 

S12 + T3 and Phase A 

604 + T4 Thru T6 

B02 +T7Pwrd 

S09 + P",- A fJ 
803 + Srg Gt Hi Bit 0 Fj;xed 
Ul0 ... Re$et SDR Hi 
D09 ... Stg Gate .... i Sel 8it 1 

:: :~=~::~::;:~ 111111 

808 + Control Storage Access 

813 ... Single Cycle 

GOS + ALU Gate Hi/Lo Sel 0 

G10 1 
BlO 

BOO + Write 519 Hi 
002 .. Write Stg La 
012 + 16 Bit AlU Operation 

M07 + I/O Instruction D 
Ml0 - Storage Function 
U09 - Select Storage Gate Data 
811 + Carry in 

U07 + Clock SAR and X Reg 

~~ = =;::: ~~: ~~ ID 
BQI) - Clock ALU Gate Check Tgr 

J~ 
JJ 3 

U 11 - Clock 519 Gate Check Gated 

S07 + T5 Not Display Storage 

G04 
S03 

U06 
M13 
PI2 

UOS 

S02 

+ Status Card 2/1 

+ New LSR Addr Bit 4 

+ LSR Address Bit 0 

1 

~Im 

LSR 

&I 

2 I 
I 

1 

1 

GOB + Statu .. Sel 0 

U04 1 

S05 

G07 + Status Function 0 
U02 

.1)6 + SOR P Check 

G05 + 5tg Gate HI Gen P Bit, Test Pin 

2 _I 002 + $t9 Gate P Check 

1 

2 1 
I 

Ul1 + $t9 Gate Low Gen P Bit, Test Pin 

804 + Sys Bus Out Low Pl 

D04 + SyS Bus Out low P2 

4 
U02 + SyS Bus Out alt 8 
U04 9 

S02 
S04 
U09 
V10 
SOB 

S10 

10 
11 
12 
13 
14 
15 

J 
Hi 

I--

lJ 
1 

1 

1 

H 

9 

802 + Ptv Predict Carry OUt Hi, Test Pin 

J05 + Data 4 

S09 + ALU Error 

013 + AlU Zero 
J02 + Carry or Ones 

012 + Sys Bus Out Bit 0 
007 1 
B12 
B06 
B07 
805 
Bl1 
DOS 7· 

810 + SyS Bus Out' HI Bit ~p 



Control Processor T-Times 

fJ Phase A 

111/0 Instruction 

III' Advance Time from Channel 

Sys Bus Out Valid 

Port Clocks C-Times 

II MPXPO Bus Out Valid 

II Control Out Pwrd 

iii Strobe Pwrd 

• Service In 

iii Service Out Pwrd 

II Strobe SDR Low Data 

II Strobe SDR High Data 

II Strobe LSR Data IWROL) 

DCBOO 

UCBO I 

UCB02 

III Load Data Buffer 

U Gate Data Buffer to MPXPO 
Bus OutlSys Bus In 

im Clock Port Register 

DI CBI Valid (bit 4) to Port 
(CBI bit 4) 

II Write LSR III (BOC met) 

IfJ CBI 4 Valid to CPU 
(CBI bit 4 gated) 

II Select SDR (Ll IBOC met) 

lIlIor LSR III (BOC not met) 

System Bus Out Command 

FSL 
Page 

PCllO 

PCIIO 

PCl38 

PC518 

PC526 

PC512 

PC512 

PC518 

PC512 

PC526 

PC526 

PC526 

PC542 

. PC542 

PC542 

PC502 

PC506 

PC502 

PC512 

PCI60 

PC512 

PC230 
PC240 

Assemble Address and 
Command in Channel 

200 ns 

Select 1/0 A ttadlment; Send Command 
and Modifier to Attachment on CBO Send Data Byte to Attachment 
and MPXPO Bus Out 

~I T1 \ T2\ T31T3AIT3BIT3EI----------t---\ T41 15\ T61-------- --------1 TO 1 etc 

I I . 
I· 

I I 
I 

I ______________ +I----------------~I -J.----.~ ________________________ ~~~ ______ _ 

i~~l~~~!LSRI 
coo COO COO COO COg C03 C07 COF COE C06 C07 COF COE C06 Cl2 cIa Cl8 Clg C13 Cl7 CIF CIE CI6 C17 CIF CIE CI6 C02 COO COO COO coo 

I 
- Dev Addr and Cond Code 

I 
I----------------~ 

I--------'r-l (function) 

I 
1 _______ ---'" (op code and modifier) 

I-----------'n (device addre~ and port address) 

I 
I--------~~------------~----------------------------~.I--~~-

-
______ ~~LI-----------~---------------------------------

_______________ ~~DA~CBO ~L __________________________ ------

1--------------------------------',..-,--- - - -- - - - - - - --r-;'--_____ _ 

Select SDR (page address) to write MAR (LSR) 

Diskene AtlaChment Diskette 

Function Bits Bus Out Command Mnemonic 
8 9 1011 o 1 2 

0 0 0 0 I o 0 1/0 load 
0 I 0 0 I o 1 I/0Se"se 
0 1 0 1 0 0 1 Sense Interrupt level Status Byte 
I 0 0 0 1 1 0 1/0 Control Load 
1 1 0 0 1 1 1 1/0 Control Sense - 0 0 1 1 0 1 1 Jump on 1/0 Condition 

o 1 0 Base Cycle Steal 

Instruction 

LII 1T 
EI m 

Storage Gate High 

Bit 0 Bit 1 Register Gated Thru 

o LSA HIg, 
II O. SOR High 

Storage Gate Low 

Bit 0 Bitl 

SBI BitsS 15 

{

X Reg High BiISO 3 

SDR 6it54-7 
5tg Gate High 8it P 

Register Gated Thru 

1I~~4-~-+~~~:~~=::~----~ 
S81 Bits 8 15 

1IL-__ ~~~~Ou=tP=u~tS=tg~G= .. =._Hi~gh~ 

-r-

II 

SBO Bits 8-11 

SBO Bits 8-11 

8-11 
SBO Bits 12-15 

10l 
lOS 
SllSB 
10Cl 
10CS 
JIO 

I/O 
Olannel 
Controls 

Command 
Decode 

Seek 

Track 
Register 

Port Data Bus Out DBO fJ-t..-----ioooj .. -------1+I Buffer 
Register 

Service In 

m Command Bus In Bit 4 

II __,Co=n'"-"o,,,1 O",ut"------I Adapter­

II Strobe Controls 

mJ Service Out Pwrd 

Test 
Condition 

True 

B 
Jump on 110 Condition 

Test Condition 

Ready 

Controls t--~In""de"'x_"SS"____ _ __, 

Write 

Data 
Trigger 

Write Data 

Data 

5 __ Se ... niiise_Ciiioiiin;iiiitiiii~ii.I,n ----------- --

Data 
Read Data 

Port Data Bus In 

IPL 

CP Port Car-d A-A 1 L2 

-8.19 ms Clock S13 L 2 
- Microimerrupt ReQuest 4 802 ,1-------------. 

- Interrupt Level 5 Req J06 '--1---------3-11-8---_-1 Function 

+ SY5 Bus Out Bit8 U13 4 8-11 Decode 
3 I J12 

I--.. -------------------.. -~I~~: ,~ ~: ,...+--------......;-------~ Command 

1 
11 U07 12 U121-___________ ... 

13 S11 
14 SOB 
15 S05 

+ Sys Bus Out Low P1 507 

Data Buffer 
4 _0-3 a Not Used 013 \-----+--... ~ 

a + I/O Instruction .105 ,""~II~ Device 

I System Reset 007 \-----+---+4--.... - ........ 

t 1 

Port Register 

Device 

- Address! 
f--- Data 

r----·4---~--~. 
M02 

M04 

M05 

B06 1-----+---+4-........ ..., 

I '----- Address! -
Data 

5 CBOI 

11 r Data 

42 .-~215 ~-----,w ...... _ ..... I Multidevice Response M03 \-----\-----+-+-+-..... +-.... 4---"-+-+----+-1 1 
........... B __ +1~~ 

MOS 

M09 
MIO 

_ MP)(PO Data In 0 Ul0 

~ ~~~ 1iI!'~1 -.' Modlflerl 

Data I I ~ 
3 ~~~ """ ___ """ __ ++-+-... +-'I.+_4_+-~4 ... 7 ... P~ Ii. . ~ 

~: _7 __ J I,' Ii Port Checks ~ 
7 U02 2 . Register t 

Gate 

P02 
P04 
P05 

~+ ........ __ 8 .... ~:: 
PIa 

Pll 
P13 

P 503 L-r---~'-r-~~~---------------------++---------~. i .---+-----------~ 1 

T I jf-l-~--------·---+------.!..l----lI~1 J07 

~ C1l-~= 1====~1~==.--~.1-~~-----~.;::---~~-~1=~--=-~--_+!----------i-_+--------_+-,ilr -~~~~~::~~~~~:~: ::: 
m ~ Command Bu!'; In 4 J13 1---.... -\----..... -+--4-..... -+--~ 

_ Command Bus In 5 Gl1 1---4--r---" 

II] -Service In Bog 1---4--r-_-" 

- CBt Bit 1 Cvcle Steal Read 502 \---4-~~-+-" 

- eBI Bit 2 Cycle Steal Adr Sel 0 012 I---+---I---T-~ 

~ ........ --+-+-~ 
- Oisk/Dskt (Load I Be ReQ 

~I i 
Steal 1011 

Port 

Control 

r------------r1T---------1-------------1---1-------------------+----------~5----~~~; 
! MIl 

L-I M13 

~! Port Status 1----....... 

J
G
O
,
4
3 

LL-________ +_' '---t--+---+-------'~'---------..j Port Clocks r------t--1-----------l-----.023--..,1 GOg 

II I 2 I:~~ 

1 
- Disk!Dskt Block Processor Clock 

- Base Cycle Steal Request 

-! Me Interrupt Lth OB09'3 I ..... +--+---+--t-----1I-----------"5'----- '-----+ Control 
D + Phase A 

+ CSY Tgr to <:;hannel G07 1-------------' 1 . I JBI1 
-PORorResetKev . Gl0 '-----------+----~ L--+---_r--i r------'3"---~GOB 

- MicrointerrLJPt Request 1 B04 I Clock I I I 812 
2 B03 <-------------~----~ Decodes f---l 101o 
3 002 5 1--_____ --"4 __ .., 004 

-System Unit Lamp Test 006 L _____ I ________ "'--________________ I ____ -L.._ .... ---1hL----'----... ~OBO°5
5 

+ Enable Interrupt G02 1----------+------1---------1"'°'-----______________ -+-___ -+1 
_ Run latch OeD J09 Interrupts 

+ T3 Clnd Phase A BOO 2 1 

- Command Bus Out Bit 0 

fJ I 

- MPXPQ BlIS Out Bit 0 

U 

SyS Bus In Bit 8 

9 
10 

11 

13 
14 

15 

-t New Churl!lel Check 

- Control 01.- t Pwrd D 
~ BPe Tgr 

- Command 8us In Bit 4 Gated 1m 
- Disk Strohe 
-f Storage Cycle Request 
- Xfef Error Gated 01 J10 Echo 

- Service OUI Pwrd IIiJ 
- Strobe Pwrd 0 

Advance Tinlp. from Channel mI 
- SyS Bus In Bit P 
- MPXPQ Bus Out BIt" P 

- INT/CS LSR Decode 0 

1 
2 

+ Interrupt Req to Aun Lth 
- Proc I men UP! 1 

2 
4 

- Disk Bur~t Mode Gated 
- Board Tiedown 3 ..102 ~ t 

~:; ~:= ~,0; I -=--
.-____ ----'.1 __ .., GOG Not Used 

• 



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 NotZero 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 0 and 3) are found active 200 
nanoseconds following the trailing edge of 
the last strobe pulse generated by the 
port during execution of an I/O 
instruction. This bit also gets set, when a 
time-out check occurs, if these lines have 
not been de-activated by the I/O 
attachment within 200 nanoseconds 

. following the generation of the blast 
condition caused by the time-out check. 

A blast condition causes all I/O devices to 
reset; it also sets interrupt level 0 (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 

(not) Port Instruction 

Any Port Instruction 

TGR4 

C1 X Latch 
Invalid Device Asgn Lth (not) Exit Loop 2 Latch 

Blast Condition Because of Time-out Check 

T-Times (CP clock) T6 Ext --- --- --- --- --- ---
FSl 

C-Times (port clock) Page C1F C1E C16 C17 C1F C1E C16 CO2 

Trigger X1 PC534 --

Trigger X2 PC534 .-

Trigger X4 PC534 I-

Trigger X8 PC534 r--- ---
Cl X Latch 'PC518 

Time-out Cntr Clock PC526 1-- -...- ....... 
Time-out Counter PC504 1-----

Control Out Pwrd l PC510 r-

Service Out Pwrd I PC510 r---

Strobe Pwrd I PC510 r--- ---
Service In (or not multidevice 1 

response) CHOO7 r--

I/O Time-9ut Check Lth PC504 r--

Blast Condition PC506 -

Machine Check Interrupt Lthl PC422 2 --
I/O Instruction I PC138 -

Advance Time from Channell PC518 ---
Reset Port Checks PC516 -
Port Addr Zero 

I 

(port instruction) PC510 -
IThis line can be probed. 
2 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 110 instruction to the port during a subsequent CSIPL procedure. 

Control Out Pwrd 

_Dn;o;B:-'iI/Fl'C=B:=1 -:N~ot~Zer1rr:-0_C_h_k_-I OR Blast C:..:o:..:..,n:..:;d..:..;it..:..;io:..:..,n:....--_______ -+_+-__ _e---L-.J 

PC506 
Service Out Pwrd 

(not) Exit Loop 1 Latch 
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TO T1 T2 n T3A T3B T3E T4 
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Blast Condition Because Data Bus In Is Not 
Zero 

FSL 
T-Times (CP clock) Page 

C-Times (port clock) 

. Trigger Xl PC534 

Trigger X2 PC534 

Trigger X4 PC534 

Trigger X8 PC534 .. 
C1X Latch PC518 

Control Out Pwrd 1 PC5l0 

Service Out Pwrd l PC5l0 

Check OBI 01 PC502 

I/O Instruction 1 PC138 

Port Instruction (port address zero)l PC5l0 

Advance Time from Channell PC5l8 

OBI Zero l PC502 

Chan Phase A-C021 PCll0 

DB IICB I Not Zero Lth PC502 

Blast Condition PC506 

Machine, Check Interrupt Lth 1 PC422 

Reset Port Checks PC5l6 

200 ns 
,.: • 
T6E ---
C1E C16 CO2 

f0-

1--

--
---

----...-

I--

--

--, 
-
---
---
--
- -
-
t---

I--

""---

If OBI 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 I/O instruction to the port during a subsequent 
CSI ~L procedure. 

IThis line can be probed. 

• 

TO T1 T2 

COO COO COO 

T3 T4 T5 T6 --- -}-)- T2 T3 T3A T3B T3E T4 

COO COO COO COO COO \ \ COO COO COg C03 I C07 I COF 
( ( 

J \ 
e ( \ 

\ 

\ 

1 1 
l ( ~ 

) 1 
e ( l 

\.\ \ 
l ( ~ 

J 
l \ ~ 

\ 
l \ l 

\ \ J 
.l \ l 

\ \ 
( ( l 

\ 1 
( ( \ 

) l 
l \ l 

( ( ( 

) ) \ 
\ ( \ 

_\ 
l \ ( . \ 
l ( ( 

. 
l { ( 

J 1 
( C ( 
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Blast Condition Because of Assigning the 
Wrong Device 

T-Times (CP clock) 

C-Times (port clock) 

Port Instruction 

Trigger Xl 

Trigger X2 

Trigger X4 

Trigger X8 

C1X Latch 

. Exit Loop 1 Lth 

Time-out Counter 

Control Out Pwrd l 

Service Out Pwrd1 

Strobe Pwrd 1 

Service Inl 

Reset Port Checks 

Inv Dev Assign Lth 

lID Instruction 1 

Time-out Clock 

Phase At 

Advance Time from Channell 

Blast Condition 

Machine, Check Interrupt Lthl 

200 ns 

FSL 
Page 

COF 

PC510 ----
PC534 

PC534. ----

PC534 ----

PC534 ----
PC5l8 ----
PC518 ----
PC504 ----

PC510 ---

PC510 ----

PC510 ----

CH007 ----
PC516 

PC504 ----

PC138 ----

PC526 -- --

PCll0 -
PC518 ----
PC506 ----
PC422 ----

l ThiS line can be probed, 
21f 'service in' becomes active in this area, the blast condition will continue, 

T3E 

COE 

-

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

--- ---

C06 C07 

- -

--- --- --- --- T4 T5 T6 TO T3 T3A T3B T3E T4 
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COF COE C06 CO2 COO COO COO COO ~oh COg C03 C07 COF 
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Port Checks 

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

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

System Bus Out P Check 

Invalid Port Latch 

DBIICBI Not Zero Chk 

I/O Time·out Check 

OBI P Check 

Invalid Device Assn 

DBO P Check 

-
OR 

'---

PC506 

Channel 
Check J 

I. 

New 
Port 

( Checks 

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 I/O attachment or the controller 
and the command (bits on the' command bus 
out' lines) last executed by the channel. If any 
checks are present in the port register, 
changing the port register is inhibited until the 
error is reset. See Commands in the Channel 
section of this manual for decode of the device 
address, and see Port Decodes in the Channel 
section of this manual for the decode of the 
, command bus out' lines. 

Port Error Byte (Display Byte 1) . 

Bit Error Cause 

0 Data bus out Wrong parity was sensed by an 
parity check attachment on the DBO bus 

(MPXPO bus out). 

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 
~espond by activating the 'service 
in' line in 5.4 J,ls.) This check also 
occurs if the DBO bus (MPXPO 
bus out) has wrong parity during 
the transmission of an address. 

2 Data bus in Wrong parity was sensed by the 
parity check port during the transmission of 

data from an attachment 
(MPXPO .data in). 

3 I/O time-out . The channel sensed an error in the 

4 

5 

6 

7 

check normal channel sequence. This 
check occurs if an attachment does 
not de·activate the 'service in' line 
in 5.4 fJ,s after the rise of the 'service 
out' line. 

Channel bus The I/O lines were not cleared 
in/data bus in in time. This check is made after 
not zero the 'service out' line f~lIs during 

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

System bus out 
parity check 

Cycle steal 
operation 
check 

I ncorrect port 

II 

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

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

Bits 4-7 of work register 0 (high 
byte) were not 0000. 

Check Generation 

Clock Time C06 

Load Port ·Register Instruction 
A 

r---

PC522 

Port Sys Bus In Generated P Bit 

Data Buffer P Bit Gated 
DE 

PC522 

Cycle Steal Load 
A*OR 

Storage Strobe 

* 
Load or Control 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 

CSY Trigger A*OR 

(not) Cycle Steal Load 

* 
Clock Time C12 

Control Sense/Sense Command 

(not) Command Bus In Bit 4 

Reset Port Checks 

Gated Select Channel Checks 

OR CBI 
FL Parity 

Errors 
Detected 
In 110 
Attach­
ments 

Bit 5 
I---.. S 

R 

Reset Port Checks PC502 

r---

-

DBO 
P Check 

S 

FF 

CD 

C 

R 

PC522 

CD 

FF 

C 

R 

PC522 

Sys Bus Out P Check 

MPXPO Data In 
Parity Check (OBI P check) 

) 

l 

) 
( 

(-1L2P11 Port SBI Bit 14 
PC506 

(-i L2P06 Port SBI Bit 10 
PC506 

Port Sys Bus In 
Bits Gate 

G 
SEL 

PC506 

Sys Bus In Bit 8 
~------'----------t L2P02 
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Port Error Handling Procedures 

Go to TO 

Set DBO parity 
check bit 

Set invalid device 
address bit 

CP sets machine 

Set system bus out 
parity check bit 

Yes Set time-out latch, set 
>--";""'--1 machine check inter­

rupt request 

Yes Set DBI/CBI to not 
>------t zero, set machine checkt------t 

interrupt request 

Set machine check 
interrupt request 

Set machine check 
interrupt request 

___ - - The machine check interrupt routine is executed if a machine 
check interrupt r~.quest was previously set. 

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 I/O jump met (command 
bus in bit 4) and the branch will be taken by 
the control processor. This enables testing of 
asynchronous I/O device conditions with the 
jump-on-I/O-condition instruction and does 
not need the adapter to hold this line active 
before activating the 'service in' line. 

Machine Check Interrupt 

CBI Bit 4 Lth 

(not) CBO Bit 0 

CBO Bit 1 
CBO Bit 2 
Machine Check Interru 

Xfer Error Gated or JIO Echo 
~---------------------------~~~~~~~~~~~L2G12 

Service In 

MPXPO Data In 0-7 

(not) CBI Bits 1 and 2 Zero 

Command Bus In Bit 4 

C02 
S FL· DBI/CBI Not Zero Chk 

R 

CBO 0 
CBO 1 
(not) CBO 2 PC502 

Port Instruction G Sel 

COF 
System Bus Out Bit 12 

FL 

System Bus Out Bit 13 45 
15,14,13,12 

S 2 
Enable Extended Time-out 

System Bus Out Bit 14 
4 

85 
15, 14, 13, 12 

8 OR R 

System Bus Out Bit 15 
16 77 

f5, 14, n, 12 

32 
64 

System Reset 

COF 

PO R or Reset Key 

PC516 
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Time-out Conditions 

If the addressed device is not on the system or 
if port data out (M PXPO bus out) contains bad 
parity, none of the devices answers the control 
out sequence. Port times out under these 
conditions. At the end of the time-out 
sequence, the time-out condition is written in 
the port checks register (not valid device 
assigned). A blast is sent from the port and 
clears all incoming data and control lines from 
the I/O adapters and causes a processor check. 

If the addressed device first responds with a 
'service in' line but fails to de-activate the 
'service in' line inside a specific time after 
receiving the 'service out' line, the port times 
out. This condition is written in the port status 
register and the port causes a blast condition, 
which clears all incoming data and control lines 
arid causes a machine check inter.rupt. 

C16 

(not) Port Busy 
Reset Port Checks 
C12 

Time-out Clock 

Enable 33FD Time-out 

---

I 
COF 

Cycle Steal Latch 

Disk Xfer Time 
Machine Check Interrupt Latch 

(not) Valid Port Command 

I/O Instruction 

(not) Any Port Instruction 

• 

10RI T I ' -
r---

lG-~ 8-_ . OR 
Divide-by-
8 Counter -

C FF 

R 

PC504 

-
OR 

-

<---r---

A r 
r----

Time-out Counter 

~ r-- +1 Reg 

R 
L- S FL I/O Time-out Check 

R 

PC504 

r--

r---

- FL A 
I nvalid Device Assgn 

~ S 

R 

...-- S FF Cycle Steal Check 
CD 

C 

PC504 

Set I nval id Port Check 

L s FL 
Invalid Port Latch 

R 

PC504 
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Processor Check Halt 

An MPLF instruction (hex BEA3-processor 
check halt) is a control processor I/O 

immediate instruction that stops the main 
storage proc.,essor 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. 

5-62 

System Reset r--
------------------------------~ A* (not) 4 Decode 
Go Latch 

Reset Time-out 
OR~----------------------------~--~------------~-------------------

Run Latch 

Machine Check Inter Lth 
C FF 

Microinterrupt Ck Trigger 

Interp Req to Run Lth 
0 

System Reset r--- I/O Service 

lOR 
R Request Lth 

Reset Mach Ck Int 
1 I/O Service Request Lth 

S FL 
< 

2r- R T4-T6 Status 2 Load DCD lOR 
Status Sel 2 
Imm MOR Bits 12-15 (not) 12 3 Check Hait 

13 L Enable Interrupts Lth (not) 13 S FL 
14 5 S 
15 S 

6r---
R Enable Interrupts 

lOR A 
I 

Wait Instruction 

(not) Status Card 2/1 

Disable Checks 
4 

S FL 
Disable Checks 

~ R 

PC404 
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