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PREFACE

This technical manual is designed to support the maintenance and training effort for the volume phase
of the DECSYSTEM-2020 project. The first release of the manual supported the field test phase of the
project and was for use by Digital Field Service personnel already trained and experienced on KL10-
based systems. This revision of the manual contains additional overview material for use in training
new-hires and Digital Field Service personnel not experienced on 10/20 systems. Also, some sections
in Chapter 5, (the console description, for example) have been expanded at the request of Educational
Services and Field Service/Product Support.

Related KS10 documents are as follows.

Title Document No.
KS10-Based DECSYSTEM-2020 Installation Manual 4 EK-0KS10-IN-001
KS10 Maintenance Guide, Volume 1 EK-OKS10-MG-001



CHAPTER 1
OVERVIEW

1.1 INTRODUCTION

The KS10 mainframe is the hardware base for the DECSYSTEM-2020, the current low-end member
of the DECsystem-10 and DECSYSTEM-20 families of 36-bit computer systems. It contains a micro-
programmed central processor unit (CPU) that executes the DEC 10/20 instruction set and supports
both the TOPS-10 and TOPS-20 operating systems. It also contains a metal oxide semiconductor
(MOS) memory with up to 512K 36-bit word capacity, an 8080A microprocessor console, and various
peripheral device controllers depending on the system configuration. (Figure 1-1 shows a typical KS10
system configuration.) Peripherals connecting to the KS10 are selected Unibus and Massbus devices.
System minimum/maximum configurations are as follows.

LA36 LPO5/LP14
CONSOLE e ‘ LINE
TERMINAL KS10 PRINTER
MAINFRAME
REMOTE
DIAGNOSIS -
(KLINIK) LINE

2T P

ASYNC SYNC
LINES LINES
TU45 4 TU45 EXPANDER 1 | Rmoa/rros| 8 | RMo3/RPO6
mac |- 2 _| wmac CABINET _8_
TAPE MAX TAPE DNHXX DISK MAX | DISK
CRO4

MR-3313

Figure 1-1 Basic KS10 System Configuration
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Unit(s) Minimum System Maximum System
KS10 1 1

Memory (internal to KS10) 128K 512K
RMO03/RP06 Disk Drive 1 8

TU45 Magnetic Tape Drive 0 (See note) 4

LP0O5/LP14 Line Printer 0 1

CRO4 Card Reader (Requires 0 1

DNHXX Expander Cabinet) :

Asynchronous Lines 8 32

Synchronous Lines 0 2

NOTE
Systems serviced by DIGITAL require at least one
tape drive to ensure two independent load paths for
diagnostics and other system software.

1.2 SYSTEM HARDWARE

Figure 1-2 shows in detail the typical KS10 system configuration. The diagram indicates quantities and
types of system buses and modules for the various mainframe components. The numbers in paren-
theses are module slot numbers. '

The heart of the KS10 is an internal backplane bus called the KS10 bus that provides a control and
data path between the processor, memory, console, and peripheral (I/0) devices. It is a multiplexed 2-
cycle bus that allows command and address information to be transmitted by one bus device to an-
other during one bus cycle; data is then transferred to/from the addressed device during a following
bus cycle.

The KS10 CPU consists of four extended-hex modules: two data path modules (DPE and DPM), and
two control-store modules (CRA and CRM). The CPU uses low-power Schottky TTL and the
AM?2901 4-bit data path slice. Other features include the following.

e A 512-word virtual-address cache mevmory

» Eight blocks of sixteen fast, general-purpose registers

e Parity checking in control-store, on data paths, and on the backplane bus

e Fast byté operations on 7-bit ASCII characters

e A 2K word (96 bits/word) writable RAM control-store with address provision for 4K words

* A basic microinstruction cycle time of 300 ns
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The KS10 memory system consists of a single extended-hex control module (MMC) that connects to
the backplane bus and from two to eight extended-hex storage array modules (MMAs). Each storage
module contains 64K of MOS memory. Memory features include the following.

* 0.9 us cycle time

¢ Single-bit error correction

e Double-bit error detection

e 128K words minimum capacity and up to 512K words maximum capacity
The console consists of a single extended-hex module (CSL) that uses an 8080A microprocessor to
perform console and diagnostic functions. Two USART interfaces are provided: one for console
(CTY) operation and one for remote (KLINIK) line operation. The KLINIK connection operates in
parallel with the CTY to allow diagnosis of the system via a remote link. The console module also
contains the system clock and the arbitrator for the KS10 bus.
The KS10 /O devices interface to the system through Unibus adapters (UBAs). Each adapter is a
single extended-hex module connecting to both the backplane bus and a Unibus. Up to three UBAs
may be installed in the KS10, although two UBAs are standard in the typical KS10 end-user con-
figuration. One UBA and Unibus is reserved for disks only. The second UBA and Unibus is used for
all other devices; that is, for tape drives, line printer, card reader, and synchronous and asynchronous
communications lines.
Characteristics and features of the 1/O devices supported on the KS10 are as follows.
Disk Drives
RP06 (RH11 controller)

e Average access time of 36.3 ms

* Average seek time of 28 ms

e Formatted capacity of 176 megabytes

e  Maximum data transfer rate of 166K 36-bit words per second

e  Sector size of 128 36-bit words

Removable (20-surface) disk pack
RMO03 (RH11 controller)

e Average access time of 38.3 ms

e  Average seek time of 30 ms

e Formatted capacity of 67 megabytes

e Maximum data transfer rate of 250K 36-bit words per second



e  Sector size of 128 36-bit words
e Removable (5-surface) disk pack
Magnetic Tape Drive
TU45 (RHI11 controller)
e Tape speed of 1.9 meters (75 inches) per second

e Recording density of 32/64 characters per millimeter (800/1600 characters per inch), 9-track
format on industry-standard 1/2-inch magnetic tape

e Maximum data transfer rate of 120K characters (bytes) per second
Line Printers
LPO5 (LP20 controller)
e 132 columns
e EDP font, 96 or 64 characters depending on model number (model V or W)
* 230 lines per minute with 96 characters
¢ 300 lines per minut¢ with 64 characters
LP14 (LP20 controller) |
e 132 columns |
e EDP font, 96 or 64 characters - operator-selectable
e 650 lines per minute with 96 characters
e 890 lines per minute with 64 characters
Card Reader
CRO04 (CD11 controller in DNHXX expander cabinet) ‘
e 285 cards per minute, card hopper capacity of 550 cards (models C, D).
e 1200 cards per minute, card hopper capacity of 2200 cards (models K, L)
Synchronous Communications Interface
e DUPII controllevrs‘(l per line)
e KMCI11 NPR microprocessor (1 per system)

e  Bit rate of 2000-19,200 bits per second
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e DDCMP data protocol

e Two lines per system maximum

Asynchronous Communications Interface
e DZI11 controllers (one per eight lines)

e RS-232-C interface standard with baud rates of 50, 75, 110, 134.5, 150, 300, 600, 1200, 1800,
2000, 2400, 3600, 4800

¢ Line units available in 8-line groups: 8, 16, 24, or 32 lines per system

®  Character lengths of 5, 6, 7, or 8 bits with 1, 1.5, or 2 stop bits and either odd or even parity

e Carrier, ring, data, terminal ready, and break modem control

e  Full duplex

® 64 character silo receive buffer (alarm at 16 characters)
1.3 KS10 PHYSICAL DESCRIPTION ;
The KS10 is compactly configured in a single-width corporate hiboy cabinet (H9502H-7). This cabi-
net, shown in Figure 1-3, houses the KS10-PA card cage, BA11-K Unibus option drawer, power

system, Massbus transition plate, asynchronous terminal distribution panel, and operator’s switch
panel.

1.3.1 KSI10-PA Card Cage

The KS10-PA assembly is a hybrid-style card cage; that is, it contains both extended-hex and standard-
hex modules. It is located in the lower front portion of the KS10 cabinet as shown in Figure 1-4. This
assembly contains the KS10 CPU, the MOS memory (128K words minimum, 512K words maximum),
two Unibus adapters (UBAs), and the RH11 Unibus disk controller. Module utilization is shown in
Figure 1-5.

1.3.2 BA11-K Unibus Option Drawer
The BA11-K Unibus option drawer (Figure 1-4) contains the KS10 system’s 1/O peripheral con-
trollers. It has dedicated locations for the following.

1. DZI1 asynchronous communications controllers: 1 minimum (8 lines), 4 maximum (32
lines)

2. DUPI1I/KMCI11 synchronous communications controller: 0 minimum, 2 DUPI11s max-
imum (2 lines)

3. LP20 line printer controller: 0 minimum, 1 maximum

4. RHI!I magnetic tape system controller: 0 minimum, 1 maximum (This option is bundled
into the TAU45 tape system.)

BA11-K module utilization is shown in Figure 1-6.
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1.3.3 Power System ‘

The major components in the KS10 power system are the 861 power control for ac power distribution,
the LH switcher power supply for powering the KS10-PA, and the H765 switcher power supply for
powering the BA11-K. Component designations for 60 Hz and 50 Hz machines are as follows.

KS10-AA (115 V, 60 Hz) KS10-AB (230 V, 50 Hz)
861C 861B

LH Power Supply (H7130C) LH Power Supply (H7130D)
H765A (powers BA11-K) H765B (powers BA11-K)

NOTE TO DIGITAL
IN-HOUSE FIELD SERVICE PERSONNEL

Some in-house KS10 systems contain the H7130A
(60 Hz) and H7130B (50 Hz) power supplies. Al-
though input and output power specifications for
these A and B (blue) models are the same as for the C
and D (silver) models that are installed in other ma-
chines, there are differences in power harness wiring.
When replacing a power supply, always install the
same color as was removed.

1.3.4 Massbus Transition Plate

The Massbus transition plate is located at the top of the KS10 cabinet as shown in Figure 1-7. It is a
connection plate that holds three Massbus connectors plus two 25-pin communications cable con-
nectors. The Massbus connectors are allocated from right to left as follows.

1. Disk Massbus
2. Tape Massbus
3. Line printer Massbus

The two communication cable connectors are allocated as follows.

1. CTY (BCO3L to BCO3M)
2. KLINIK remote maintenance port (BCO3L to BCO5D)

1.3.5 Asynchronous Terminal Distribution Panel (H317-E)
The KS10is conflgured with a minimum of one H317-E (up to 16 lines) and a maximum of two H317-
Es (32 lines). It is configured with EIA communication only.

Minimum Configuration

Lines 0-7:

One DZ11 module (8-line multiplexer)
One H317-E terminal distribution panel
One BCO5W-8 cable
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Optional Expansion
Lines 8-15 (defined as a DZ11BA):

One DZ11 module (8-line multiplexer)
One BCO5W-8 cable

Lines 1623 (defined as a DZ11AAY):

One DZ11 module (8-line multiplexer)
One BCO5W-8 cable
One H317-E terminal distribution panel

Lines 24-32 (defined as a DZ11BA):

One DZ11 module (8-line multiplexer)
One BCO5W-8 cable

1.3.6 Operator’s Switch Panel
The operator’s switch panel is located at the top front in the KS10 cabinet (Figure 1-3). Switch and
indicator functions are described in Paragraph 4.1. '

1.4 DNHXX PHYSICAL DESCRIPTION

The DNHXX expander cabinet is required to house the CD11 card reader controller when a CR04
card reader is installed on a KS10 system. Like the KS10 cabinet, it is a single-width corporate hi-boy
cabinet (H9502H-7). It contains only a BA11-K drawer and an 861 power controller, however. (Com-
ponent locations are shown in Figures 1-8 and 1-9.) The BA11-K holds just the CDI1 on standard end-
user systems. (Module utilization is shown in Figure 1-10.) Power system component designations for
the 60 Hz and 50 Hz machines are as follows.

DNHXX-AA (120 V, 60 Hz) DNHXX-AB (230 V, 50 Hz)

861C 861B
H765A (powers BA11-K) H765B (powers BA11-K)
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CHAPTER 2
SITE PREPARATION AND PLANNING

2.1 SITE PLANNING
Refer to Chapter 1 (Paragraphs 1.1-1.5) of the DECSYSTEM -20 Site Preparation Guide (EK-DEC20-
SP) for the following information.

e Schedule of site preparation prior to system delivery

e Summary of site preparation functions and responsibilities

e Site consideration and selection

e Building requirements
2.2 ENVIRONMENTAL REQUIREMENTS
The environmental specifications for DECSYSTEM-20 systems (including KS10 systems) are listed in
Table 2-1. The environmental specifications for individual KS10 system components are on data sheets
at the end of this chapter. Heat dissipation and air flow rate of internal fans are also given. To estimate

cooling and other environmental requirements, refer to Paragraph 1.6 of the DECSYSTEM-20 Site
Preparation Guide.

Table 2-1 Recommended KS10 System Environmental Specifications

Parameter Specification
Temperature 18° Cto24° C(65° Fto 75° F)
Humidity 40% to 60%

Temperature Rate of Change | 2° C/h (3.6° F/h)
Humidity Rate of Change 2%/h

Voltage Tolerance 120/208 V + 10% for single phase/
three phase (60 Hz)

240/380 V £ 10% for single phase/
three phase (50 Hz)

Frequéncy Tolerance 60Hz + 1 Hz
50 Hz + 1 Hz

NOTE
Compliance to the environmental specifications
above may be required if the system is under a
DIGITAL Maintenance Agreement.
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2.3 SYSTEM CABLING

Figure 2-1 shows cabling for a typical KS10 system configuration. Reference is made on the figure to
Tables 2-2 and 2-3, which provide Massbus and device cable data, and to Figures 2-2 and 2-3, which
show interconnections of the asynchronous and synchronous communications lines.

NOTES:
1. MASSBUS CABLE (SEE TABLE 2-2)
2. DEVICE CABLE (SEE TABLE 2-3) ' TU45 4 MAX TU45
3. MODEM DEVICE CABLE (BC050-25) (MASTER) I — == 77 (SLAVE)
4. BCO3M-25 PROVIDED WITH PROCESSOR.
BCO3M-9 PROVIDED WITH TERMINAL.
. SEE FIGURE 2-2 @
. SEE FIGURE 2-3
. T1 DENOTES ONE TERMINATOR PACK T2
(70-09938) PER MASSBUS, @
8. TERMINATORS PROVIDED BY 6
RESISTOR PACKS PLACED ON
M8921 MODULE OF LAST TU45.,

~N O,

TM02/TMO3
(MOUNTED IN TU45 MASTER)

| O @

T1
RPO6 RPO6
OR 8 MAX OR
TO REMOTE Rmoz |~ T 7] RMO3
DIAG CONSOLE
(KLINIK)

@ S

T
KS10 @ ('3205
PROCESSOR o
LINE
PRINTER
: ®] o
32 MAX ® MAX ®
-————- === LA36 DNHXX @ | cros
CONSOLE EXPANDER CARD
ASYNCHRONOUS  SYNCHRONOUS TERMINAL CABINET READER
COMMUNICATION COMMUNICATION
LINES LINES

MR-0860

Figure 2-1 Typical KS10 System Configuration
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Table 2-2 Massbus Cabling

Available Length

From To Cable* Meters Feet
CPU R P06 BC06S (AMP ZIF to

AMP ZIF) 4.5 15
CPU RMO03 BC06S (AMP ZIF to

AMP ZIF) 7.5 25
RP0O6 R P06 BC06S (AMP ZIF to

AMP ZIF) 0.6/0.75 2/2.5
RMO03 RMO03 BCO06S (AMP ZIF to

AMP ZIF) 4.5 15
R P06 RMO03 BC06S (AMP ZIF to

AMP ZIF) 4.5 15
CPU TMO02/TMO03 | BC06S (AMP ZIF to

AMP ZIF) 4.5 15

7.5 25%

*ZIF = zero insertion force
+ A 7.5 m (25 ft) BCO6S cable is provided with the DNHXX to allow reconfiguration of the TU45A-
E (master) drive. Reconfiguration may be necessary because the DNHXX must be installed adja-
cent to the KS10 cabinet.

Table 2-3 Device Cabling

Available Length

From To Cable Meters Feet
CPU LP05/LP14 [ 7011426 (AMP ZIF to

Winchester) 7.5% 25%

30 100

CPU DNHXX BC11A (M9014 to M9014) | 3.9 13
DNHXX | CR04 7008764 (AMP to M957) 7.5 25
T™MO02/ TU45 BCO6R (BERG to
T™O03 BERG - cabled

internally) 3 10
TU45 TU45 BCO6R (BERG to BERG) 3 10

* The 7.5 m (25 ft) 7011426 cable is the standard length that will be provided if no cable information
is provided 60 days prior to scheduled shipment.
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2.4 PRIMARY POWER (AC)
Primary power specifications for KS10 system components are provided on data sheets at the end of

this chapter. Refer to Chapter 1 (Paragraphs 1.7-1.8) of the DECSYSTEM-20 Site Preparation Guide
for the following information.

Definition of data sheet parameters (surge current, leakage current, etc.)
Description of power regulation systems
Phase balancing, grounding, and service outlet requirements

Description of receptacles and plugs specified (on data sheets) for KS10 system components

2.5 OPTION DATA SHEETS
Option data sheets for the various KS10 system components are contained in this section. They are
arranged in alphanumeric sequence by device designations as follows.

CR04-C/D
CRO4-K/L
DNHXX-AA/AB
KS10-AA/AB Processor
LA36

LPOS-V/W
LP14-C/D

RMO3

RP06-A/B
TU45A-E (Master)
TU45A-E (Slave)

2-6



CR04-C/D

MECHANIC_AL
Mounting Cab Type Skid
Code Weight Height Width Depth If Used Type
TT 27 kg 28 cm 49 cm 35.6 cm VE N/A
60 1b 11in 19in 14 in
POWER (AC)
~ AC Voltage Frequency Steady State Surge Surge
Low | Nom | High | Tolerance Phase(s) | Current (RMS) Current Duration
104 |120 | 127 |60Hzt1 1 5A 13A 6s
208 230 | 254 | 50 Hz+1 1 25A 6.5 A 6s
POWER (AC)
Interrupt PWR Cord Leakage
Tolerance Heat PWR Cord Conn Current
(Max) Dissipation Watts KVA Length Type (Max)
5ms 439 kg-cal/hr 510 0.60 27m NEMA 5-15P :
1740 Btu/hr 9.0 ft NEMA 6-15P 0.545 mA
ENVIRONMENTAL (DEVICE}
Temperature Relative Humidity Rate of Change Air Volume
Operating Storage Operating | Storage Temp Rel. Humid. Inlet
16°t032°C | 5°t050°C [20-80% | O-95% 7° C/hr | 2%/hr 75 ft3/min
59° t0 90° F | 40° to 120° F 12° F/hr (rear)
ENVIRONMENTAL (MEDIA)
Temperature Relative Humidity Rate of Change
Operating Storage Operating Storage Temp Rel. Humid.
15°t0 32° C 4° 10 49° C 20-80% 0-95% 7° C/hr 2%/hr
59°to 90° F 40° to 120° F 12° F/hr
MAXIMUM CABLE LENGTH AND TYPE(S)
Memory 1/0 Bus Massbus Device Other
7.5m
N/A N/A N/A 25 ft N/A
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CRO4-K/L

MECHANICAL
Mounting Cab Type Skid
Code Weight Height Width Depth If Used Type
FS 91 kg 102 cm 64 cm 102 cm VE N/A
200 Ib 40 in 25in 40 in
POWER (AC)
AC Voltage Frequency Steady State Surge Surge
Low | Nom | High | Tolerance Phase(s) | Current (RMS) Current Duration
104 120 | 127 |60 Hz+ 1 1 9.0 A 26 A 6s
208 230 | 254 | B0 Hz £ 1 1 45 A 125 A 6s
POWER (AC)
Interrupt PWR Cord Leakage
Tolerance Heat PWR Cord Conn Current
(Max) Dissipation Watts KVA Length Type {Max)
5 473 kg-cal/hr 550 1.1 4.5 m NEMA 5-15P 0.655 mA
me 1877 Btu/hr 15 ft NEMA 6-15P
ENVIRONMENTAL (DEVICE)
Temperature Relative Humidity Rate of Change Air Volume
Operating Storage Operating | Storage Temp Rel. Humid. Inlet
15°t032°C | 5°to60°C 20-80%| O0-95% 7° C/hr 2%/hr 150 t3/min
59° t0 90° F | 40° to 120° F 12° F/hr (Rear)
ENVIRONMENTAL (MEDIA)
Temperature Relative Humidity Rate of Change
Operating Storage Operating Storage Temp Rel. Humid.
15° to 32° C 4°t049° C 20 - 80% 0-95% 7° C/hr 2%/hr
59° t0 90° F 40° to 120° F 12° F/hr
MAXIMUM CABLE LENGTH AND TYPE(S)
Memory 1/0 Bus Massbus Device Other
N/A N/A N/A 7.5m N/A
25 ft
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 DNHXX-AA/AB

MECHANICAL
Mounting _ Cab Type Skid
Code - .Weight Height Width Depth If Used Type -
FS 181 kg 152 cm 69 cm 76 cm H9502H-7 N/A
400 lb 60 in 27 in 30in
POWER (AC)

AC Voltage Frequency - Steady State Surge Surge
Low | Nom | High | Tolerance Phase(s) | Current (CRMS) Current -Duration
104 | 120 127 | 60 Hz £1 1 1.3A 3.3A 6-cycles
208 | 230 | 254 | 50 Hz t 1 1 0.65 A 1.7 A 6 cycles

POWER (AC)
Intérrupt PWR Cord Leakage
Tolerance Heat ; PWR Cord Conn Current
(Max) Dissipation Watts KVA Length Type (Max)
16 ms 121 kg-cal/hr 140.5 0.156 45m NEMA L5—-30P 1.15 mA
480 Btu/hr 15 ft NEMA L6—20P
ENVIRONMENTAL (DEVICE)
Temperature Relative Humidity Rate of Change Air Volume
Operating Storage Operating | Storage Temp Rel. Humid. Inlet
15° to 32° C| -40° to 66° C| 20 —80% | 0 — 95% 7° C/hr 2%/hr 500 ft3/min
59° to 90° C| -40° to 1561°F 12° F/hr
ENVIRONMENTAL (MEDIA)
Temperature Relative Humidity Rate of Change
Operating Storage Operating Storage Temp Rel. Humid.
N/A N/A N/A N/A N/A N/A
MAXIMUM CABLE LENGTH AND TYPE(S)
Memory 1/0 Bus Massbus Devibe Other
N/A N/A See Table 2-2 See Table 2-3 N/A
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KS10-AA /AB Processor

MECHANICAL
Mounting Cab Type Skid
Code Weight Height Width Depth If Used Type
FS 267 kg 152 cm 69 cm 76 cm H9502H-7 N/A
590 Ib 60 in 27 in 30in
POWER (AC)

AC Voltage Frequency Steady State Surge Surge
Low | Nom | High | Tolerance Phase(s) | Current (RMS) Current * Duration
104 120 127 | 60Hz =1 1 9.90 A 25.0 A 6 cycles
208 | 230 | 254 | 50Hz +1 1 4,95 A 125 A 6 cycles

POWER (AC)
Interrupt PWR Cord Leakage
Tolerance Heat PWR Cord Conn Current
(Max) Dissipation Watts KVA Length Type (Max)
16 ms 920 kg-cal/hr 1070 1.18 4.5m NEMA L5-30P 4.93 mA
3652 Btu/hr 156 ft NEMA L6-20P

ENVIRONMENTAL (DEVICE)

Temperature Relative Humidity Rate of Change Air Volume
Operating Storage Operating | Storage Temp Rel. Humid. Inlet
15: to 32: Cl-40° to 66° C 20-80% 0-95% 7° C/hr 2%/hr 1100 t3/min
59° to 90° F|-40° t0 151° F 12° F/hr

ENVIRONMENTAL (MEDIA)

Temperature Relative Humidity Rate of Change
Operating Storage Operating Storage Temp Rel. Humid.
N/A N/A N/A N/A N/A N/A

MAXIMUM CABLE LENGTH AND TYPE(S)

Memory 1/0 Bus Massbus Device Other

N/A N/A See Table 2-2 See Table 2-3 N/A (internal)
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LA36

MECHANICAL
Mounting Cab Type Skid
Code Weight Height Width Depth If Used Type
FS 46 kg 85 cm 70 cm 61 cm VE 86.4cm X 128.3¢cm
102 Ib 33.5in 27.5in 24 in 34 X 50-1/2"
POWER (AC)
AC Volitage Frequency Steady State " Surge " Surge
Low | Nom | High | Tolerance Phase(s) ; Current (RMS) Current Duration
90 | 120 |132 60 Hz + 1 1 20A 30 A s
180 | 230 | 264 50 Hz £ 1 1 1.0A 15 A 1s
POWER (AC)
Interrupt PWR Cord |_eakage
Tolerance Heat PWR Cord Conn Current
{Max) Dissipation Watts KVA Length Type (Max)
175 kg-cal/hr 204 024 | 24m NEMA 5-15P 0.107 mA
696 Btu/hr 8 ft NEMA 6-15P
ENVIRONMENTAL (DEVICE)
Temperature Relative Humidity Rate of Change Air Volume
Operating Storage Operating | Storage Temp Rel. Humid. Inlet
10° to 40° C | -40° to 66° C| 10-90% 0 - 95% 7° C/hr 2%/hr 100 #t3/min
50° to 104° F| -40° to 151°F 12° F/hr

ENVIRONMENTAL (MEDIA)

Temperature Relative Humidity Rate of Change
Operating Storage Operating Storage Temp Rel. Humid.
15°t0 32° C 15° to 32°C 20 - 80% 20 - 80%
59° to 90° F 59° to 90° F
MAXIMUM CABLE LENGTH AND TYPE(S)
Memory 1/0 Bus Massbus Device* Other
3m
N/A N/A N/A 9 ft N/A

*3 m (9 ft) for EIA Interface
5 m (15 ft) for 20 mA Loop
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LP05-V/W

MECHANICAL
Mounting Cab Type Skid
Code Weight Height Width Depth - If Used Type
FS 155 kg 113 cm 84 cm 66 cm VE 84 cm X 103 cm
340 1b 445 in 33in 26 in 33in X 40-1/2 in
POWER (AC)
AC Voltage Frequency Steady State ' Surge Surge
Low | Nom | High | Tolerance Phase(s) { Current (RMS) Current Duration
104 120 | 127 60 Hz + 1 1 45 A 10A 2s
208 230 | 254 50 Hz £ 1 1 23A 5A 2s
POWER (AC)
Interrupt PWR Cord Leakage
Tolerance Heat PWR Cord Conn Current
(Max) Dissipation Watts KVA Length Type (Max)
5 ms 395 kg-cal/hr 460 0.54 27m NEMA 5-15P 0.55 mA
1570 Btu/hr 9 ft NEMA 6-15P
ENVIRONMENTAL (DEVICE)
Temperature Relative Humidity Rate of Change Air Volume
Operating Storage Operating | Storage Temp Rel. Humid. Inlet
10°t0 38° C (-18°t0 66° C | 20-80% | 0—95% 7° C/hr 2%/hr 300 ft3/hr
50° to 100° F| 0°to 150° F 12° F/hr
ENVIRONMENTAL (MEDIA)
" Temperature Relative Humidity Rate of Change
Operating Storage Operating Storage Temp Rel. Humid,
10°t038°C | -18°t066° C 20-80% 0-95% 7° C/hr 2%/hr
50° to 100° F 0°to 150° F 12° F/hr

MAXIMUM CABLE LENGTH AND TYPE(S)

Memory 1/0 Bus Massbus Device Other
30m
N/A N/A N/A 100 ft N/A




LP14-C/D

MECHANICAL

Mounting Cab Type Skid
Code Weight Height Width Depth If Used Type
VE 198 kg 114 cm 84 cm 70 cm 86.4 cm X 128.3 cm
435 Ib 45 in 33in 27 in VE 34 in X 50-1/2 in
POWER (AC)
AC Voitage Frequency Steady State Surge Surge
Low | Nom | High | Tolerance Phase(s) | Current (RMS) Current Duration
104 120 | 127 60 Hz £ 1 1 7A 140 A 2s
208 230 | 254 50 Hz + 1 1 35A 70 A 2s
POWER (AC)
Interrupt PWR Cord Leakage
Tolerance Heat PWR Cord Conn Current
(Max) Dissipation Watts KVA Length Type (Max)
670 kg-cal/hr 3.7m NEMA 5-16P
5 ms 2662 Btu/hr 780 1 084 1 4o NEMA 6-15P 0.394 mA
ENVIRONMENTAL (DEVICE)
Temperature Relative Humidity Rate of Change Air Volume
Operating - Storage Operating | Storage Temp Rel. Humid. Inlet
10°to 38° C |-18° t0 66° C 7° C/hr 3
500 to 1000 F Oo to 1500 3 20—-80% 0—95% 120 F/hr 2%/hr 300 ft /mlﬂ
ENVIRONMENTAL (MEDIA)
Temperature Relative Humidity Rate of Change
Operating Storage Operating Storage Temp Rel. Humid.
10°t038°C |-18° to 66° C \ o 7° C/hr o
50°to 100° F| 0°to150° F | 20-80% 0-95% 12° F/hr 2%/hr
MAXIMUM CABLE LENGTH AND TYPE(S)
Memory 1/0 Bus Massbus Device Other
30m
N/A N/A N/A 100 ft N/A




RM03

MECHANICAL
Mounting Cab Type Skid
Code Weight Height Width Depth If Used Type
FS 195 kg 99 cm 56 cm 79cm H9691
430 1b 39in 22in 31in (modified)
POWER (AC)

AC Voltage Frequency Steady State Surge Surge
Low | Nom | High | Tolerance Phase(s) | Current (CRMS) Current Duration
102 120 | 128 | 60 Hz £ 1 1 7.0 A 30A 14
213 | 230 | 257 50 Hz £ 1 1 35A 15 A 145

POWER (AC)
Interrupt PWR Cord L eakage
Tolerance Heat PWR Cord Conn Current
(Max) Dissipation Watts KVA Length Type . (Max)
8 ms 614 kg-cal/hr 714 084| 1.8m NEMA 5—15P 1.218 mA
2436 Btu/hr 6 ft NEMA 6-—15P
ENVIRONMENTAL (DEVICE)
Temperature Relative Humidity Rate of Change Air Volume
Operating Storage Operating | Storage Temp Rel. Humid. Inlet
15° t0 32° C| -40°to70° @ 20— 80% | 5 —95% 7° C/hr 2%/hr
59° to 90° F| -40° to 158° 12° F/hr
ENVIRONMENTAL (MEDIA)
Temperature Relative Humidity Rate of Change
Operating Storage Operating Storage Temp Rel. Humid.
10°to 57° C -40° t0 65° C 8 — 80% 8 — 80% 0.1° C/min
50° to 135° F -40° to 150° F 0.2° F/min
MAXIMUM CABLE LENGTH AND TYPE(S)
Memory 1/0 Bus Massbus Device Other
N/A N/A 48 m N/A N/A
160 ft

*Total system (maximum)
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RP06-A /B

MECHANICAL
Mounting Cab Type Skid
Code Weight Height Width Depth If Used Type
FS 272 kg 118 cm 81cm 81 cm VE 12-10568-02
600 ib 46.5 in 32in 32in
POWER (AC)
AC Voltage Frequency Steady State Surge Surge
Low | Nom | High | Tolerance Phase(s) | Current (RMS) Current Duration
104 | 120 | 127 | 60 Hz =1 3-wye | 12.6 A (total) 30 A 10s
208 240 264 50 Hz +1 3-WY€ 6.3A (total) 15 A 10s
POWER (AC)
Interrupt PWR Cord Leakage
Tolerance Heat PWR Cord Conn Current
(Max) Dissipation Watts KVA Length Type (Max)
10 ms 1105 kg-cal/hr 1285 1.5 45m NEMA # 4.36 mA
4384 Btu/hr (total). | 15 ft L21-20P
ENVIRONMENTAL (DEVICE)
Temperature Relative Humidity Rate of Change Air Volume
Operating Storage Operating | Storage Temp Rel. Humid. Inlet
15°1032°C | 10°t044°C | 20-80% | 0-95% 7°C/hr | 2%/hr 100 ft3/min
59° t0 90° F [ 50° to 110° F 12° F/hr
ENVIRONMENTAL (MEDIA)
Temperature Relative Humidity Rate of Change
Operating Storage Operating Storage Temp Rel. Humid.
15° to 50° C 40° to 65° C 8-80% 8-80% 7° C/hr 2%/hr
60° to 120° F |-40° to 150° F 12° F/hr
MAXIMUM CABLE LENGTH AND TYPE(S)
Memory 1/0 Bus Massbus Device Other
N/A N/A 48 m N/A N/A
160 ft
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TU45A-E (Master)

MECHANICAL
Mounting Cab Type Skid
Code Weight Height Width Depth If Used Type
FS 290 kg 152 cm 69 cm 76 cm H9502 N/A
640 Ib 60 in 27 in 30 in
POWER (AC)

AC Voltage Frequency Steady State Surge Surge
Low | Nom | High | Tolerance Phase(s) | Current (RMS) Current Duration
104 | 120 | 127 60 Hz =1 1 85A 14 A 1s
208 | 230 { 254 50 Hz + 1 1 43 A 7A 1s

POWER (AC)
Interrupt PWR Cord Leakage
Tolerance Heat PWR Cord Conn Current
{Max) Dissipation Watts KVA Length Type (Max)
757 kg-cal/hr 45m NEMA L5-30P
5 ms 3003 Btu/hr 880 | 1.02 15 ft NEMA L6-20p | 316 mA
ENVIRONMENTAL (DEVICE)
Temperature Relative Humidity Rate of Change Air Volume

Operating Storage Operating | Storage Temp Rel. Humid. Inlet
15° t0 32° C |-40° t0 66° C 7° C/hr o 3
50° 10.00° F |-40° to 151° F| 20-80% | 0-95% | 4o0 g | ZH/hC 400 ft3/min

ENVIRONMENTAL (MEDIA)
Temperature Relative Humidity Rate of Change

Operating Storage Operating Storage Temp Rel. Humid.
16°to 32°C -40° to 60° C ’
6o ta00° F | 40° to o0 F | 20-80% 5-95% N/A N/A

MAXIMUM CABLE LENGTH AND TYPE(S)
Memory 1/0 Bus Massbus Device Other
30m 3
N/A N/A m N/A
/ 100 ft 10 ¢ /
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TU4SA-E (Slave)

MECHANICAL
Mounting Cab Type Skid
Code Weight Height Width Depth If Used Type
272 kg 152 cm 69 cm 76 cm
FS 600 Ib 60 in 27 in 30 in H9502 N/A
POWER (AC)

AC Voltage Frequency Steady State Surge Surge
Low | Nom | High | Tolerance Phase(s) | Current (RMS) Current Duration
104 | 120 127 60 Hz +1 1 6.8 A 14 A 1s
208 | 230 | 254 50 Hz + 1 1 34 A 7A 1s

POWER (AC)
Interrupt PWR Cord Leakage
Tolerance Heat PWR Cord Conn Current
(Max) Dissipation Watts KVA Length Type (Max)
5 ms 605 kg-cal/hr 704 0.82 45m NEMA L5-30P 3.16 mA
2402 Btu/hr 15 ft NEMA L6-20P
ENVIRONMENTAL (DEVICE)
Temperature Relative Humidity Rate of Change Air Volume
Operating Storage Operating | Storage Temp Rel. Humid. Inlet
15° t0 32° C |-40° to 66° C . 0 7°Chr | 3
59° 10 90° F [-40° 10 151° F| 20-80% | 0=98% | 100 b 2%/hr 400 ft3/min
ENVIRONMENTAL (MEDIA)
Temperature Relative Humidity Rate of Change
Operating Storage Operating Storage Temp Rel. Humid.
16° to 32°C -40° to 60° C
60° 10 90° F -40° to 140° F 20-80% 5-95% N/A N/A
MAXIMUM CABLE LENGTH AND TYPE(S)

Memory 1/0 Bus Massbus Device Other

3m

N/A N/A | N/A 10 ft N/A

(3) BCO6R
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CHAPTER 3
INSTALLATION

Refer to KS10-Based DECSYSTEM-2020 Installation Manual (Document number EK-0KS10-IN).
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' CHAPTER 4
OPERATION/PROGRAMMING

4.1 CONTROLS AND INDICATORS

The KS10 switch and indicator panel is shown in Figure 4-1. There are five switches, three of which
provide for powering-up, resetting, and bootstrapping the system. The fourth switch serves as an
interlock to prevent an inadvertent reset or bootstrap by the operator once the system is in operation.
The last switch controls the remote diagnosis link to the system. Switch functions are listed in Table 4-1.

The panel also has four indicators. One indicates power-on. The other three are under control of the
8080 console program. They indicate the system’s run state, detection of a system fault, and enabling
of the system’s remote diagnosis line. Indicator functions are detailed in Table 4-2.

STATE FAULT POWER REMOTE
REMOTE
BOOT LOCK RESET POWER DIAGNOSIS
DISABLE
1
@ PROTECT
0
ENABLE
MR-1696

Figure 4-1 KS10 Switch and Indicator Panel



Table 4-1 KS10 Switch Functions

Switch Function

POWER Turns ac power on/off. (Causes 861 power control to apply/remove line power to
the CPU and BA11-K power supplies.) When system is powered on, system will
auto-boot unless CTY character is typed within 30 seconds.

RESET Resets all KS10 system components (including the 8080 console hardware). Sys-
tem will auto-boot unless CTY character is typed within 30 seconds.

BOOT Bootstraps the system. Performs same function as BT console command.

LOCK Electrically interlocks the RESET and BOOT switches so that they have no effect.
Also prevents the operator from switching the CTY from user mode to CTY
mode (disables “control-\"" command).

REMOTE Three-position key-operated switch that controls access by the remote diagnosis

DIAGNOSIS (KLINIK) line.

DISABLE position - Prevents access to the system
PROTECT position - Allows access to the system with password
ENABLE position - Allows free access to the system without
password protection
Table 4-2 KS10 Indicator Functions

Indicator Function

POWER Lights when dc power (-5 V and +12 V) is on.

REMOTE Lights when KLINIK line is enabled; that is, when the REMOTE DIAGNOSIS
switch is in the PROTECT position and the password has been entered by the
operator at the CTY, or when the REMOTE DIAGNOSIS switch is in the EN-
ABLE position.

FAULT Lights for the following conditions:

1. KSI10 bus parity error
2. UBA parity error
3. Memory parity error
4. Data path parity error
5. Console parity error
6. CRA parity error
7. CRM parity error
8.  Memory refresh error
9.  Boot command fails to start machine
STATE Lights when KS10 microcode is loaded and running. Indicator blinks (1 second

on, 1 second off) when system monitor has been loaded and is maintaining ‘‘keep-
alive’” dialogue with console.
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4.2 INSTRUCTION SET

The KSI10 instruction set consists of 396 system-level instructions. Each instruction is micro-
programmed; that is, it is actually executed by a series of microinstructions (called the microcode) in
the CPU’s control-store. (The microcode is loaded from disk or tape into the CPU’s 2K-word control
RAM during the system bootstrap operation.) The system-level instruction set may be grouped logic-
ally as follows.

¢  Full Word Data Transmission Instructions - Move one or more full (36-bit) words of data
from one memory location to another. The instructions may also perform minor arithmetic
operations, such as forming the negative (2’s complement) or the absolute value of the word
being processed.

e Half-Word Data Transmission Instructions - Move a half-word and possibly modify the
contents of the other half of the destination location. The instructions within the group
differ by the direction in which they move the selected half-word, and by the way in which
they modify the other half of the destination location.

e  Byte Manipulation Instructions - Pack or unpack bytes of any length anywhere within a
word. The byte instructions utilize a byte pointer which allows addressing of any size byte in
any position within a word.

¢  Fixed-Point Arithmetic Instructions — Perform scaling (multiplying by a power of 2), negat-
ing (forming 2’s complement), addition, subtraction, multiplication, and division on num-
bers in single- and double-precision floating-point format.

e  Logic Instructions — Provide the capability of shifting and rotating, as well as performing the
complete set of 16 Boolean functions on two variables.

®  Test Instructions — The arithmetic test instructions may jump or skip depending on the
result of an arithmetic test. Also, they may first perform an arithmetic operation on the test
word. The logical test instructions may skip depending on the condition of bits selected
(and/or modified) by a mask.

o Program control and Stack Instructions — These include several types of jump instructions
and subroutine control instructions. Pushdown stacks are handled by instructions (PUSH
and POP) which, through a stack pointer, process data on a ‘““first-in-last-out” basis. Sub-
routine entry and return is-accomplished by jump instructions (PUSHJ and POPJ) that
insert return addresses on a pushdown stack. These instructions are vital to the efficient
operation of the timeshared monitor and all of the reentrant systems programs.

. String Instructions - Move, compare, and edit strings (successive bytes) of data. The instruc-
tions may be used on a variety of encoded data, including ASCII, EBCDIC, etc. The ability
to detect special characters in the source string is implemented.

e Input/Output (I/O) Instructions - One group, the external 1/O instructions, controls the
movement of information to and from the system’s peripheral devices. Both byte (8-bit) and
full word (36-bit) instructions are implemented. Another group, the internal I1/O instruc-
tions, controls paging, priority interrupts and other system-oriented operations by accessing
selected registers in the CPU.
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All KS10 instructions are 36-bit words with the format shown in Figure 4-2. Bits 0-8 specify the
instruction code; bits 9-12 usually address an accumulator (AC) but are sometimes used for special
control purposes or instruction code extensions. The rest of the instruction word supplies information
for calculating the effective address (E) which is used to fetch the operand or alter program flow. Bit 13
(I) specifies the type of addressing (direct or indirect). Bits 14-17 specify an index register (X) for use in
address modification (a 0 indicates no indexing), and bits 18-35 (Y) contain an 18-bit address.

Similar to the KL10, the KS10 implements a feature that allows expansion of the basic instruction set
by an extension of the basic format to two words (refer to Figure 4-3). An EXTEND instruction
(mstructlon code = 123 octal), when executed, points to another instruction located at the EXTEND
instruction’s calculated effective address. The operation codes of these extended instructions (that is,
those preceded and pointed to by the EXTEND) may then form another complete instruction set in
addition to the basic set. Only a few of the available extended instruction codes are currently imple-
mented, such as those for the string instructions.

Many of the instruction codes not a331gned as specific instructions are executed as unimplemented user
operations (UUOs) wherein the word given as an instruction is trapped and must be interpreted by a
routine included for this purpose by the programmer. Those UUOs reserved for use by the monitor are
called monitor UUOs (MUUOs), while user UUOs are called local UUOs (LUUOs). Instructions that
are illegal trap in the same manner as MUUO:s.

In addition to the trap capability provided by UUOs, the KS10 has a trapping mechanism for direct
handling of arithmetic overflow and underflow conditions, pushdown list overflow conditions, and
page failures. This trap capability avoids recourse to the program interrupt system.

Instruction set mnemonics are constructed so as to closely specify the machine operation performed.
For example, the mnemonic for the instruction to move full-words of data takes the form shown in
Figure 4-4. It consists of a basic operator and two groups of modifiers as follows.

1. MOV is the basic operator specifying a full-word move.

2. Modifier 1 specifies how the word is to be modified when it is moved.

E = No modification

N = Take 2’s complement

M = Take magnitude

S = Swap left and right halves

3. Modifier 2 specifies from where the word is to be fetched, and where it is to be moved.

(Blank) = No memory to accumulator (the value of Y to AC).

I = Take 18-bit address as operand (memory to AC-immediate mode)
M = Accumultor to memory

S = Memory to memory (self)
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00 08 09 12 13 14 . 17 18 35

INSTRUCTION ACCUMULATOR INDEX ADDRESS
CODE ADDRESS (AC) REGISTER (Y)
ADDRESS
(X)
ADDRESS
TYPE (1)

MR-3322

Figure 4-2 Instruction Format

00 08 09 12 13 14 17 18 35
123
INSTRUCTION ACCUMULATOR INDEX ADDRESS
CODE FOR ADDRESS (AC) REGISTER (Y)
EXTEND INSTRUCTION ADDRESS
(X}
ADDRESS
TYPE (1)
(% J
Y
J
00 08 09 12 13 14 17 18 35
(E)
EXTENDED ACCUMULATOR INDEX ADDRESS
INSTRUCTION ADDRESS (AC) REGISTER (y)
CODE ADDRESS
(X)
ADDRESS
TYPE (1)

MR.3323

Figure 4-3 Extended Instruction Format
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MODIFIER 2 g S
e emmaad

MR-3324

Figure 4-4 Move Instruction Mnemonic Construction

Therefore, with one broad instruction class (MOYV), a total of 16 instructions may be formed. For
example:

MOVE AC, ADR Move the contents of ADR to specified AC
MOVEI AC, 5 Move the number 5 to AC

MOVEM AC, ADR Move the contents of specified AC to ADR
MOVNM AC, ADR Move complemented contents of AC to ADR

All 16 move instructions, together with their instruction codes and an algebraic representation for their
operation, are shown in Figure 4-5.

NOTE

A complete specification for the KS10 instruction set
is given in Volume I of the Hardware Reference
Manual (EK-10/20-HR). Furthermore, Appendix A
in the same document summarizes the data by listing
all instruction codes and mnemonics, and by showing
the algebraic representation for the complete instruc-
tion set. '
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SYMBOL
AC

E

(X)

{X)s

A B

'NSnggg'ON SOURCE TO
MNEMONIC (OCTAL) DESTINATION
MOVE 200 (E) > (AC)
MOVEI 201 0, E > (AC)
MOVEM 202 (AC) ~ (E)
MOVES 203 IF AC = 0,: NO-OP
IF AC # 0: (E) ~ (AC)
MOVS 204 (E)s — (AC)
MOVSI 205 E, 0, (AC)
MOVSM 206 (AC)s — (E)
MOVSS 207 (E)g > E
, IF AC #0: (E) > (AC)
MOVN 210 -(E) > (AC)
MOVNI 211 -[0, E] = (AC)
MOVNM 212 -(AC) — (E)
MOVNS 213 ~(E) - (E)
IE AC #0: (E) > (AC)
MOVM 214 |(E) |- (AC)
MOVMI 215 0, E > (AC)
MOVMM 216 [{AC) |- (E)
MOVMS 217 I{E) |- (E)
IF AC #0: (E) - (AC)

MEANING

THE.ACCUMULATOR ADDRESS IN BITS 9—12 OF THE INSTRUCTION WORD.
THE RESULT OF THE EFFECTIVE ADDRESS CALCULATION.

THE CONTENTS OF X.

THE CONTENTS OF X WITH THE LEFT AND RIGHT HALVES SWAPPED.

A 36-BIT WORD WITH THE 18-BIT QUANTITY A IN ITS LEFT HALF AND THE
18-BIT QUANTITY B IN ITS RIGHT HALF (EITHER A OR 8 MAY BE 0).

THE ARITHMETIC OPERATOR FOR NEGATION (OR SUBTRACTION).

THE ARITHMETIC OPERATOR FOR ABSOLUTE VALUE (MAGNITUDE).

MR-3325

Figure 4-5 Move Instructions
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4.3 NUMBER SYSTEM

Data words can be interpreted by the program as 36-bit unsigned binary numbers, or the left and right
halves of a word can be taken as separate 18-bit numbers. Arithmetic operands used by the fixed-point
arithmetic instructions use 2’s complement representations to do binary arithmetic. As shown in Fig-
ure 4-6, bit O (the leftmost bit) represents the sign: 0 for positive, 1 for negative. In a positive number,
the remaining 35 bits represent the magnitude in ordinary binary notation. The negative of a number is
obtained by taking its 2’s complement. Zero is represented by a word containing all Os

NOTE
The 2’s complement is formed by taking the logical
complement (that is, complementing each bit in the
word including the sign bit) and adding 1 to the re-
sult. For example, the 2’s complement of +100 (oc-
tal) is the logical complement 777777 777677 plus 1,
which equals 777777 777700 (-100 octal).

Two common conventions are to regard a number as an integer (binary point at the right) or as a
proper fraction (binary point at the left). In these two cases, the range of numbers represented by a
single word is -235 to 23°-1, or -1 to 1-2-35, Because multiplication and division make use of double-
length numbers, there are special instructions for performing these operations to yield results that can
be represented by a single word.

As shown in Figure 4-7, the format for double-length fixed-point numbers is an extension of the single-
length format. The magnitude (or its 2’s complement) is the 70-bit string in bits 1-35 of the high- and
low-order words. Bit 0 of the high-order word is the sign and bit O of the low-order word is made equal

to the sign. The range for double-length integer and proper fractions is thus =270 to 2701, or -1 to
1-2-70,

The KS10 also processes both single- and double-precision floating-point numbers. Format for single-
precision operands is shown in Figure 4-8. A single-precision floating-point instruction interprets bit 0
as the sign, but interprets the rest of the word as an 8-bit exponent and a 27-bit fraction. Normalized
single-precision floating-point numbers have a fraction that ranges in magnitude from 1/2 to 1-2-27,

NOTE
A floating-point number is considered normalized if
the magnitude of the fraction is greater than or equal
to 1/2 and less than 1. The KS10 may not give the
correct result if the program supplies an operand that
is not normalized, or that has a zero fraction with a
nonzero exponent.

A double-precision operand consists of the sign, an 8-bit exponent, and a 62-bit fraction as shown in
Figure 4-9. (The high-order word has the same format as that used for a single-precision number.)
Increasing the length of a number to two words does not significantly change the range, but rather
increases the precision. (The fraction ranges in magnitude from 1/2 to 1-22 for double-precision
numbers.) In any format, the magnitude range of the normalized fraction is from 1/2 to 1, decreased
by the value of the least significant bit. In all formats, the exponent range is from -128 to +127.

4.4 EFFECTIVE ADDRESS CALCULATION

Bits 13-35 have the same format in all KS10 instructions. As shown in Figure 4-2, I (bit 13) is the
indirect bit, X (bits 14-17) is the index register address, and Y (bits 18-35) is'the address field. The index
register address (1-17 octal) is actually the address of an accumulator.



00 01

35
o+
1 BINARY NUMBER (2'S COMPLEMENT)
SIGN
MR-3326
Figure 4-6 Single-Length Fixed-Point Operand
00 01 35
0+ .
1 BINARY NUMBER (2'S COMPLEMENT)
SIGN
00 01 35
LOWER ORDER OF BINARY NUMBER (2'S COMPLEMENT)
SIGN
COPY
MR-3327
Figure 4-7 Double-Length Fixed-Point Operand
00 01 08 09 35
o+ EXPONENT ,
N (1'S COMP.) FRACTION (2'S COMPLEMENT)
SIGN
MR-3328
Figure 4-8 Single-Precision Floating-Point Operand
00 01 08 09 35
o+ EXPONENT )
1 (1'S COMP) FRACTION (2'S COMPLEMENT)
00 01 35
0

LOWER ORDER EXTENSION OF FRACTION (2'S COMPLEMENT)

Figure 4-9 Double-Precision Floating-Point Operand
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Following the instruction fetch by the CPU, the effective address (E) for all KS10 instructions except
the external 1/O instructions is calculated from I, X, and Y as described below. The process is dia-
grammed in Figure 4-10.

1.

First, if there is indexing (X # 0), the right half (bits 18-35) of the index register contents are
added to the 18-bit value of Y. If there is no indexing (X = 0), Y is not modified.

2. Next, if there is no indirection (I = 0), the result of the first step, which is Y or Y + XR (bits
18-35), becomes the 18-bit value for E. If there is indirection (I = 1), Yor Y + XR (bits
18-35) is used as an address to fetch another word (called an indirect word) from memory.

3. The indirect word is processed in the same manner as the instruction. As in the previous
steps, the X and Y parts of the word determine the value of E if there is no indirection. If
there is indirection, yet another indirect word is fetched from memory. The effective address
calculation continues until a word is fetched having the indirect bit equal to 0, in which case
the X and Y fields of the word determine the value of E.

INSTRUCTION FETCHED
INSTRUCTION
0.c. AC I X Y
INDIRECT WORD
INDEXING il x Y
20~ ) %
NO (X =0)
y
rhlEgl(:RHECT
Y + XR18-3 Y
8-35 WORD
(18)
NO (1=0) EFFECTIVE ADR
‘-\ E
E (18 BITS)
NOTES: .
AC = ACCUMULATOR ADDRESS
0.C.=0P CODE
E =EFFECTIVE ADDRESS
| = INDIRECT BIT
X =INDEX REGISTER ADDRESS
XR =INDEX REGISTER CONTENTS
Y = ADDRESS FIELD MR-3330

Figure 4-10 KS10 Effective Address Calculation (Not Valid for
External 1/O Instructions)
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The following examples illustrate the effective address calculation.
Example 1 - Direct Addressing
MOVE AC, 1000

With no indexing or indirection, the MOVE instruction’s effective address is equal to Y; that is, E
= 1000.

Example 2 - Indexed Addressing
MOVE AC,1000 (5) where the contents of index register 5 = 100.

The instruction uses indexing; thus the effective address is the index register contents added to Y;
that is, Y = 1100.

Example 3 - Indirect Addressing _
MOVE AC, @ 1000 where the contents of 1000 = 4000

The indirect bit is set, which causes an indirect word fetch. The contents are then used as the
effective address; that is, E = 4000.

Example 4 - Indexed and Indirect Addressing

MOVE AC, @ 1000 (5) where the contents of index register 5 = 100 and the contents of 1100 =
5000.

Both indexing and indirection are used. The result of the indexing (1100) is the address of the indirect
word. The contents then become the effective address; that is, E = 5000.

The effective address calculation for the external 1/O instructions (instruction codes 7105-7273) is
diagrammed in Figure 4-11. The calculation differs from other KS10 instructions in that the result, an
1/0 address, can be either an 18-bit or an extended (greater than 18-bit) address. An extended address
is necessary because an I/O address consists of a 4-bit controller number plus an 18-bit register address
as shown in Figure 4-12. Controller numbers 1 and 3 select a Unibus adapter (UBA), in which case the
register address selects a register in a Unibus device connecting to the addressed UBA, or it selects a
register in the UBA itself. Controller number 0 is used to address KS10 registers not associated with a
Unibus (for example, memory status register).

NOTE
If the controller number is to be 0, the 1/O address
need not be extended. That is, an 18-bit effective ad-
dress calculation results in the hardware forcing the
controller number to 0.

The effective address calculation for the external 1/O instructions is as follows.

1. As for the other KS10 instructions, Y is not modified if there is no indexing (X = 0). Also, if
there is indexing (X # 0), Y is added to the right half (bits 18-35) of the index register, but
only if the left half of the index register is negative (bit 00 = 1) or if the indirect bit isset (I =
1). If the indirect bit is not set (I = 0), and if the left half of the index register is positive (bit

00 = 0), Y is added to bits 06-35 of the index register to generate an extended effective
address.
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INSTRUCTION FETCHED

INSTRUCTION

0.C. AC |I] X Y

]

YES ~ INDEXING
(X50) N()
NO
(X =0)
Y+XRog-35 Y+XR18—35 Y
(EXTENDED) ML)

INDIRECTION
)
FETCH
INDIRECT 0o
WORD
EXTENDED ADDRESS ADDRESS (CTL #=0)
,/}’/C;L REG ADR «— REGADR
v
E(EXTENDED) E(18 BITS)

NOTES:
AC = ACCUMULATOR ADDRESS
0.C.=0P CODE
E =EFFECTIVE ADDRESS
= INDIRECT BIT
INDEX REGISTER ADDRESS
INDEX REGISTER CONTENTS
= ADDRESS FIELD

i

X
XR
Y
MR-3331

Figure 4-11 KS10 Effective Address Calculation for
External I1/O Instructions
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00 13 14 17 18 35
v T Ll 1 L] 1 ' 1 CTL 1 1 1 1 T ) 1 1 1 1 1 T 1 1 1
...... TER
0.. 0 o REGISTE
i 1 1 1 ) 1 1 1 1 L A 1 1 1 L 1 1 1 1 i 1 1 1 I
REGISTER
CONTROLLER ADDRESS
NUMBER (OCTAL) REGISTER(S)
0 0077777 NOT USED
0 100000 MEMORY STATUS REGISTER
0 100000-1-177777 NOT USED
0 200000 CONSOLE INSTRUCTION REGISTER
0 20000001-777777 NOT USED
1 0377777 NOT USED
1 400000777777 UNIBUS 1 (UBA AND DEVICE) REGISTERS
3 0377777 NOT USED
3 400000-777777 UNIBUS 3 (UBA AND DEVICE) REGISTERS
2,417 NOT USED
MR-0253
Figure 4-12 1/O Address Format
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2. Next, if an extended effective address has not been generated in the first step, the resulting
18-bit address (Y or Y + XR 18-35) is used as the effective address provided there is no
indirection (I = 0). If there is indirection (I = 1), the 18-bit address is used to fetch an
indirect word from memory. :

3. When an indirect word is fetched from memory, bits 14-35 of the contents are uncon-
ditionally used to generate an extended address. Unlike the address calculation for the rest
of the KS10 instruction set, the indirect word is not treated like another instruction word.
There is only one level of indirection employed for external 1/0O instructions.

As can be seen, to address controllers other than 0 (which require an extended address), instructions
using indexed or indirect addressing must be used. Examples of indexed and indirect addressing fol-
low. In both examples the status register (register address = 763100 octal) in UBA | (controller no. =
1) is read into an AC with the RDIO external I/0 instruction.

NOTE
UBA and Unibus device register addresses are given
in Appendix B.

Example 1 - Indexed Addressing
RDIO AC, 763100 (5) where the contents of index register = 1000000.

The index register contents (the controller number) is added to Y (the register address) to give the
extended I1/0 address 1736100.

Example 2 - Indirect Addressing
RDIO AC, @ 100 where the contents of 100 = 1763100.

An indirect word fetch of location 100 is made and the contents are used to generate the extended
I/O address 1763100.

45 MACHINE MODES
A program running in the KS10 operates in one of two modes: executive (exec) mode or user mode.

In exec mode, all implemented instructions are legal. The operating system operates in exec mode and
is thus able to control all systems resources and the state of the processor; that is, it handles system I/O
and priority interrupts, constructs page maps, and handles the general management of the system for
all users.

In user mode, certain instructions that can compromise system integrity or affect other users are
illegal. For example, 1/0 instructions are illegal, causing a trap to the operating system. Users are
required to issue UUOs for system services such as I1/0.

4.6 PROCESS TABLES

Special tables are set up in memory by the TOPS-10 or TOPS-20 operating system to aid in the system
management of both exec and user processes. The operating system keeps an executive process table
(EPT) for its own use, and a user process table (UPT) for each user on the system. Each table is a single
page (512 words). EPT and UPT configurations for both TOPS-10 and TOPS-20 are shown in Figures
4-13 and 4-14.
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USER PROCESS TABLE EXECUTIVE PROCESS TABLE

e USER PAGE 0 ! USER PAGE 1 42 NOT USED
‘ g STANDARD PRIORITY INTERRUPT INST
| €0 NOT USED
77
| :?(7) VECTOR INTERRUPT TABLE POINTERS
120
| 177 NOT USED
| 200 EXECPAGE 400 | EXEC PAGE 401
377 USER PAGE 776 |  uUserPAGE 777 377 EXEC PAGE 776 EXEC PAGE 777
400 EXEC PAGE 340 | EXEC PAGE 341 400
417 EXECPAGE 376 | EXEC PAGE 377 NOT USED
420 | ADDRESS OF LUUO BLOCK 420
421 | USER ARITHMETIC OVF TRAP INST 421 | EXEC ARITHMETIC OVF TRAP INST
422 | USER STACK OVF TRAP INST 422 | EXEC STACK OVF TRAP INST
423 | USER TRAP 3 TRAP INST 423 | EXEC TRAP 3 TRAP INST
424 | MUUO STORED HERE 424
425 | PC WORD OF MUUO STORED HERE
426 | PROGCESS CONTEXT WORD STORED HERE
427 NOT USED
430 | EXEC NO TRAP MUUO NEW PC WORD
431 | EXEC TRAP MUUO NEW PC WORD
432
433 NOT USED
434 | USER NO TRAP MUUO NEW PC WORD NOT USED
435 | USER TRAP MUUO NEW PC WORD
436
NOT USED
477
500 | EXEC OR USER PAGE FAIL WORD STORED HERE
501 | EXEC OR USER OLD PC WORD STORED HERE
502 | PAGE FAIL NEW PC WORD
503
NOT USED 577
: 600 EXEC PAGE 0 ' EXEC PAGE 1
757 EXECPAGE 336 |  EXECPAGE 337
777 ;(75(7) NOT USED

MR-0260

Figure 4-13 KS10 EPT/UPT (TOPS-10 Paging)

415



420

421
422
423
424
425
426
427
430
431
432
433
434
435
436

477

500 |

501
502
503
504
537
540
541

777

USER PROCESS TABLE

EXECUTIVE PROCESS TABLE

0
NOT USED
4
g STANDARD PRIORITY INTERRUPT INST
60 NOT USED
77
100 VECTOR INTERRUPT TABLE POINTERS
NOT USED 117
120
NOT USED
420
USER ARITHMETIC OVF TRAP INST 421 | EXEC ARITHMETIC OVF TRAP INST
USER STACK OVF TRAP INST 422 [ EXEC STACK OVF TRAP INST
USER TRAP 3 TRAP INST 423 | EXEC TRAP 3 TRAP INST
FLAGS 1 MUUO OP AC 424
MUUO OLD PC
E OF MUUO
MUUO PROCESS CONTEXT WORD
EXEC NO TRAP MUUO NEW PC WORD
EXEC TRAP MUUO NEW PC WORD
NOT USED
NOT USED
USER NO TRAP MUUO NEW PC WORD
USER TRAP MUUO NEW PC WORD
NOT USED
PAGE FAIL WORD
PAGE FAIL FLAGS
PAGE FAIL OLD PC
PAGE FAIL NEW PC
NOT USED
537
USER SEC 0 PTR 540 | EXEC SEC 0 PTR
541
NOT USED NOT USED
777
MR-0261
Figure 4-14 KS10 EPT/UPT (TOPS-20 Paging)
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The process tables contain page maps, trap and interrupt instructions, pointers, and other information
referenced by (and acting as a bridge between) the hardware and software. Parts of the table are not
allocated for hardware reference (labeled “not used” in the figures) and are available to the operating
system for various systems management functions. For example, in each UPT, the operating system
generally keeps a stack for use with the process, the job tables, and the various user statistics such as
memory space and billing information.

The address (physical page number) of the EPT is kept in a hardware register called the executive base
register (EBR). Its value is defined during system initialization when the operating system is loaded.
The address of the UPT for the user program currently running on the system is kept in a similar
hardware register called the user base register (UBR). The UBR is loaded by the operating system
during a context switch; that is, when switching from one user to another.

47 MEMORY ADDRESS MAPPING BY THE CPU

All KS10 memory, both virtual and physical, is divided into pages of 512 words each. The maximum
virtual memory space addressable by a program running in the CPU (that is, resulting from an instruc-
tion’s 18-bit effective address calculation) is 512 pages or 256K words. The physical memory space is
currently 1024 pages or 512K words with address provision (20 bits) for future expansion to 2048 pages

or 1024K words.

Both virtual and physical memory addresses consist of a page number and a line number. The virtual
page number consists of the 9 most significant bits (bits 18-26) of the 18-bit virtual address; the phys-
ical page number consists of the 11 most significant bits (bits 16-26) of the 20-bit physical address. The
line number, which specifies the word within the page consists of the 9 least significant bits (bits 27-35)
of either the virtual or physical address.

The KS10 CPU translates a virtual address to a physical address by replacing the virtual page number
with a physical page number. The line number of the virtual address is not altered; that is, a given word
within a virtual page is the same word within the corresponding physical page.

NOTE

No address translation is made when the general-

purpose registers (memory addresses 00-17 octal)

are addressed. These hardware registers are consid-

ered to be in physical address space. They may be

addressed by any program, although the same ad-
~ dress may be in different blocks for different pro-

grams. Refer to Paragraph 4.9.

Whenever a virtual to physical address translation is required, it is carried out automatically by the
paging hardware as shown in Figure 4-15. The 9-bit virtual page number selects one of 512 locations in
a hardware page table (also called the pager) and the page table contents provide the corresponding 11-
bit physical page number, provided the addressed page has been allocated space in physical memory. If
the addressed page has been allocated space in memory, it is indicated by the state of an access bit
(called the valid bit) in the page table entry. Other control bits specify whether a page can be altered or
not, whether it is a user or exec mode address, and whether the cache can be used for references to it.

When the relocation data for a referenced page does not exist in the hardware page table, a page table
refill cycle occurs during which the hardware reads the relocation data from page maps set up in
memory for each program. The page maps are created by the operating system. In systems running
TOPS-10, the page maps are in the process tables (EPT and UPT). In systems running TOPS-20, the
EPT and UPT contain a pointer to the page maps (or to yet another pointer) which are elsewhere in
memory.
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18-BIT VIRTUAL (EFFECTIVE) ADDRESS

18 26 27 35
VIRTUAL PAGE # LINE #
(9) (9)
HARDWARE
PAGE TABLE
(512 LOCATIONS)
000 |
L7777 :
:
7778 Q—|—
16 l 26 27 y 35
PHYSICAL PAGE # LINE #

(1 (9)

20-BIT PHYSICAL ADDRESS

MR-3332

Figure 4-15 CPU Virtual to Physical Address Conversion

If valid relocation data for the referenced page is not obtained as a result of the refill cycle, a page fail
trap to the operating system occurs. When the trap occurs because the page has not been allocated a
place in memory (valid bit not set), the operating system may then assign a physical address and
update the page mapping information accordingly (pages may be transferred to/from the disk area to
manage the available address space). A retry by the program then causes a page refill and an entry to
be made in the hardware pager. As the running program references memory, the hardware pager
continues to be filled with mapping information. In most cases, the pager will eventually have enough
entries to eliminate the need for further references to memory for paging information.

In summary, the operating system assigns the physical address space for each user (and itself) by
loading the appropriate page mapping information in the process tables and (for TOPS-20%*) elsewhere
in memory. In addition, the operating system provides memory protection for each user (and itself) by
filling the page maps - and thus the hardware pager — with only those entries which are allowed to be
accessed by a given user. Advantages of paged memory management are that it does the following.

.

* Allows extensive sharing of data and programs on a page-by-page basis by multiple users.

*  Allows access to the entire physical memory space even though the maximum user address-
ing capability is usually smaller.

*TOPS-20 memory management also employs a shared pages table, which holds the physical addresses for pages used by
more than one user; and a core status table, which stores information about how long a page has been in physical memory
and the number of processes sharing it.
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e Requires that only a portion of a program need be in physical memory at any given time.

e Allows dynamic changes in a user’s address space as size requirements change during execu-
tion.

4.8 MEMORY ADDRESS MAPPING BY THE UBA

The UBA converts the 18-bit virtual (Unibus) address specified by a peripheral device during an NPR
transfer into a 20-bit physical (KS10 MOS memory) address. This is similar to the 18-bit virtual to 20-
bit physical memory address translation in the CPU. The virtual address space addressable by the
Unibus device is 64 pages or 32K words. (A KS10 page is 512 words.) The physical address space is
currently 1024 pages or 512K words.

With reference to Figure 4-16, six of the seven most significant bits of the Unibus address (bits 16-11)
specify the virtual page number. (Bit 17 is not used and must be 0.) The next nine least significant bits
of address (bits 10-02) specify the line number, that is, the word within the page. Note that the two
least significant bits of Unibus address, the word and byte bits, are not part of the memory address.
The values of these bits specify the position of the Unibus data within the addressed memory word.
For example, the word bit (bit 01) specifies in which half of the KS10 memory word the Unibus data
(word or byte) is to be placed. The byte bit (bit 00) specifies whether the byte is high- or low-order.

Virtual to physical address translation is made by replacing the virtual page number with a physical
page number. In the UBA, as in the CPU, the virtual page number selects a location in a hardware
page table to supply the 11-bit physical page number. Also, there is no line number translation since a
given word within a virtual page is the same word within a physical page.

The UBA’s hardware page table, called the paging RAM, has 64 locations (one for each virtual page
number) and is loaded by the program. In addition to the physical page number, a RAM location also
contains an access bit to indicate the entry is valid. Three other control bits specify a fast or slow
transfer, read reverse mode, and the masking of the high-order bits in the left and right halves of the
KS10 memory word during non-18 bit transfers to the Unibus. (The latter control bit, called the
disable bit, prevents nonzero memory data from causing false parity indications in the Unibus device.)
The paging RAM also contains a parity bit. If a RAM parity error is detected or if the access (valid) bit
is not set during a NPR transfer, it causes the associated Unibus device to time-out, set an error flag,
and terminate the data transfer.

49 GENERAL-PURPOSE REGISTER BLOCKS

The general purpose registers, also called “AC blocks” or “fast ACs,” consist of 8 blocks of fast
memory with each block consisting of 16 36-bit locations. These eight sets of registers are RAM
locations contained in the CPU (DPE module) and are not part of MOS memory. They are used as
accumulators, index registers, or the first 16 locations in memory depending on how they are addressed
by the instruction word. That is, they may be addressed by the instruction’s 4-bit accumulator and
index register fields, or as ordinary memory locations resulting from the instruction’s effective address
calculation. Access time for the general-purpose registers is approximately 300 ns.

Generally, only one block of general-purpose registers is available to a program at any given time. As
indicated in Figure 4-17, the operating system usually reserves block 0 for its own use and assigns
block 1 to the current user program. Blocks 2-6 are also used by the operating system, principally
when handling priority interrupt (PI) activity at the various interrupt levels. Block 7 is reserved for
microcode use.
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Figure 4-16 UBA Virtual to Physical Address Conversion
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Figure 4-17 AC Block Usage
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4.10 MEMORY SYSTEM

KS10 main memory consists of a single memory controller module that connects to the internal bus,
plus between 2 and 8 storage array modules that utilize metal-oxide semiconductor (MOS) 16K RAMs
as the storage elements. The memory is a single-port system with a memory cycle time of 0.90 usec. It
has a minimum capacity of 128K words that can be expanded to 512K words in 64K increments (one
storage array module = 64K words). Word length is 36 data bits plus 7 error detection and correction
bits. Memory interleaving is not implemented.

NOTE

In MOS memory implementation, data is stored by
charging (or not charging) the effective capacitance
of each storage cell. These charges, which are ex-
tremely small, must be periodically renewed when
memory is holding data (memory refresh cycle = 15
usecs). Also, unlike the core memories in previous
10/20 machines, all stored information is lost if
power is removed from the system.

The seven error correction and detection bits stored with each data word provide for single-bit error
corrections and double-bit error detection when data is read from memory. If the error is one of the 36
data bits, the bad bit is automatically corrected by the hardware. If the error is one of the seven check
bits, no corrective action is required. When a double-bit error occurs, the hardware cannot determine
which two bits are bad. However, it does detect the error condition causing a page fail trap by the
CPU. The operating system may then examine the failing address and take the appropriate action.

The KS10 uses a 512 word high-speed RAM cache or buffer memory to speed overall operation. It is
the same RAM that is used for the general-purpose registers, and access time is approximately 300 ns.
Memory read data is found in the cache a high percentage of the time (90 to 95 per cent in some
instances), thus greatly reducing the effective memory-access time for the system.

The cache is loaded in the following manner. When a data word is read from or written to main (MOS)
memory, the word is also stored in a cache location addressed by the line number. (Refer to Figure 4-
18.) A cache directory, another high-speed RAM addressed by the line number, is also written at the
same time to store the page number corresponding to the line number together with a valid bit if the
memory address is a virtual address. (Physical addresses are invalid. The cache is written when a
physical reference is made but no later use can be made of the data.)

Data is taken from the cache and not from main memory (refer to Figure 4-19) if the memory reference
is a memory read and the page numbers in the memory address and the cache directory match; that is,
if the word has previously been accessed in memory (read or written) and the word is in the cache for a
quick retrieval. This is called a cache hit. Of course the valid bit in the directory must also be set. In
addition, the cache must be enabled and the referenced page must be cacheable and have a valid

mapping as described in Paragraph 4.7.

4.11 PRIORITY INTERRUPT SYSTEM

Priority interrupt (PI) requests on the KS10 system are generated by the various Unibus peripheral
devices as well as the processor itself. The requests are handled on eight levels or channels 0-7)
arranged in a priority sequence. Channel 1 has the highest priority; channel 7 has the lowest priority.
(A channel number equal to 0 inhibits interrupt activity.) A PI level is assigned by the program by
loading a 3-bit PI channel number assignment (PIA) in the appropriate control register. For example,
the PIA for the processor is loaded by writing the processor’s control and status register with an
internal 1/O instruction (i.e., WRAPR). The instruction also allows the program to generate an inter-
rupt on command and these “software interrupts” are generated by the operating system for user
scheduling purposes, time of day, etc. Interrupts by the processor cause a jump in program execution
to 40 + 2n in the EPT, where n is the interrupt channel 1-7).
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Figure 4-18 Loading the Cache
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Figure 4-19 Reading the Cache (Cache Hit)

4-24

MR-3336



The PIA for a peripheral device is loaded by writing the 3-bit channel number in the UBA’s control
and status register with an external I/O instruction (i.e., WRIO). Two levels of PIA are provided, thus
allowing one group of Unibus devices to interrupt on one PI channel, and a second group to interrupt
on another. When conditions are met for a Unibus device interrupt (end of transfer, read error, etc.), a
vector is transferred from the device on the Unibus, through the UBA, and over the KS10 bus to the
CPU. (Vector addresses for Unibus devices are given in Appendix B.) The CPU, after first referencing
an EPT location determined by the UBA’s controller number (EPT + 100 octal + CNTRL #) to
obtain the address (T) of a table, uses the vector to execute the instruction at T + VECTOR /4.

4.12 KS10 PROCESSOR STATUS WORDS

Whenever the KS10 processor halts, it writes a halt status word, the PC, and (optionally) a halt status
block of 18 words in memory. Two important status words within the halt status block are the micro-
code flag word and the VMA word. Other KS10 status words include the page fail word, which is
written into the UPT following a page failure; and the PC word (PC with flags), which is stored in an
AC or memory location by certain system-level instructions.

e  Halt Status Word — A processor halt causes a halt status code to be stored in physical
memory location 0 (not AC 0). Codes in the range 0-77 (octal) indicate normal halts; codes
in the range 100-177 (octal) indicate software failures; codes of 1000 (octal) or greater in-
dicate microcode or software failures. Bit format and halt code definitions are given in
Figure 4-20.

e PC - A processor halt causes the PC to be stored right-justified in physical memory location
1 (not ACl).

e  Halt Status Block - If the halt status block address is positive, a processor halt causes the
contents of several processor registers to be stored in a block of KS10 memory starting at the
specified address. Figure 4-21 shows the information stored in each location. If the halt
status block address is negative, the halt status block is not stored. The WRHSB instruction
(Appendix A) allows the program to load any address value x. Initially, when the microcode
is started, the halt status block address is set to a value of x = +376000 (octal) and the halt
status block is stored in memory locations 376000-376021. The first 16 memory locations of
the halt status block hold the register data read from the 16-word RAMs associated with the
2901 microprocessor circuits. Significant status information includes the PC (also stored in
memory location 1), the current instruction, the EBR and UBR, the microcode flags, and
the PI system status. The PI system status is the same as that read by the RDPI instruction
(Appendix A). The VMA contents (plus flags) are also stored in the next to last halt status
block location.

e  Microcode Flags - In the event of a page failure, three flags and a page fail code are stored as
part of the halt status block in x + 13 (octal). The page fail code specifies the operation for
which the page failure occurred. Status word bit format and page fail code definitions are
given in Figure 4-22.

¢ VMA - The virtual memory address (VMA) and VMA flags are stored in location x + 20
(octal) of the halt status block. Bit format and definitions are given in Figure 4-23.

e PC Word - Several of the jump instructions (e.g., JSR) save the PC and various processor
flags in a memory location or an AC. Bit format for this PC word is shown in Figure 4-24.

e Page Fail Word - Following all page failures, except for in-out failures, the processor causes

a page fail trap and stores a page fail word in location 500 (octal) of the UPT. Bit format is
shown in Figure 4-25.
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HALT STATUS WORD {(MEMORY LOCATION 0)

18 1 23 24 | | | 35
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HALT CODE
L 1 | 1 1 1 i 1 1 1 1 J | i i 1
BIT(S) FUNCTION
24.35 HALT CODE
0000 MICROCODE JUST STARTED
0001 HALT INSTRUCTION EXECUTED
0002 CONSOLE PROGRAM HALTED CPU
0100 1/0 PAGE FAILURE
0101 ILLEGAL INTERRUPT INSTRUCTION
0102 POINTER TO UNIBUS VECTOR IS ZERO
1000 ILLEGAL MICROCODE DISPATCH
1005 MICROCODE STARTUP CHECK FAILED
MR-0254
Figure 4-20 Halt Status Word
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Figure 4-21 Halt Status Block
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LH(376013)

RH(376013)

MICROCODE FLAGS

00 , 03 04 05 , 06 07 A . , 17

L] P| T ] T T T T L] 1 1 T
WREF| .y [CACH

1 1 1 1 1 1 1 1 1 i 1

18 [ | | ! I 35
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PAGE FAIL CODE

1 L ! 1 1 1 § i i J L i i i 1
BIT(S) FUNCTION
4 WRITE REFERENCE BIT FROM PAGE MAP
5 PI CYCLE
6 LOOK IN CACHE BIT FROM PAGE MAP
18-35 PAGE FAIL CODE

000000 SIMPLE INSTRUCTIONS

000001 BLT IN PROGRESS

400002 MAP IN PROGRESS

000003 MOVE STRING SOURCE IN PROGRESS
000004 MOVE STRING FILL IN PROGRESS i
000005 MOVE STRING DESTINATION IN PROGRESS
000006 FILLING DESTINATION

000007 EDIT SOURCE

000010 EDIT DESTINATION

000011 CONVERTING DECIMAL TO BINARY
000012 COMPARING DESTINATION

MR-0256

Figure 4-22 Microcode Flags
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" LH(376020)

RH(376020)

VMA

00 o0 02,03 04 05 ,06 07 08,00 10 11 12 13 14 , 17
USER INST |READ| WRT | WRT NOT {PHYS | vMA | 110 | wRu | veeT| 1o "PHYS ADDR
MODE FTcH | cve | TsT | cve cacH|Rer |PREV| RW | cvc| cve [BYyTE] 14 15 16 17

L ——————t————

VIRTUAL ADDRESS (BIT 8 = 0) OR PHYSICAL ADDRESS (BIT 8 = 1)
18 , 19 , 20 , 21 , 22 , 23 24 , 25 26 27 , 28 , 29 30 31 32 33, 34 3B
BIT(S) FUNCTION
0 USER MODE
2 INSTRUCTION FETCH
3 READ CYCLE
4 WRITE TEST
5 WRITE CYCLE
7 DO NOT LOOK IN CACHE
8 PHYSICAL REFERENCE
9 VMA PREVIOUS
10 1/0 READ OR WRITE
1 WRU CYCLE
12 VECTOR CYCLE
13 1/0 BYTE INSTRUCTION
1417 BITS 14-17 OF PHYSICAL ADDRESS (OR Os)
1835 BITS 18-35 OF VIRTUAL ADDRESS (BIT 8 = 0) OR PHYSICAL

ADDRESS (BIT8=1)

Figure 4-23 VMA
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LH(PC)

RH(PC)

PC WORD

00 01 02 03 04 05 06 07 08 09 10 11 12 13 17
T T
CARRY FLT USER TRAP FLT| NO
OvF 0 1 OVF FPD |USER 10T , 2,1 UFLO| DIV )
18 L 1 | 35
T T T T T T T T T
PROGRAM COUNTER
18 19 20 020 22 23,24, 25 26 27 28 29 30 31 32 33 34 35
BIT{S) FUNCTION
0 OVERFLOW
1 CARRY 0
2 CARRY 1
3 FLOATING OVERFLOW
4 FIRST PART DONE
5 USER MODE
6 USER 10T (ALSO PCU)
9 TRAP 2
10 TRAP 1
1" FLOATING UNDERFLOW
12 NO DIVIDE
18-35 PROGRAM COUNTER

Figure 4-24 PC Word

430

MR-0258




PAGE FAIL WORD (OR MAP AC)

00 01 02 y 03 04 05 06 07 08 ! 13 - 14 17
! T J T T T T T T T -T
USER PAGE FAIL CODE OR PT PAG ADDRESS
LH(500) | \opR CACH| REF :
0 , TV , WRT , SOFT WREF | A . , 14, 15, 16 , 17
18 | | 1 | | 35
T T T T T T T T T T T T T T T T T
RH(500) VIRTUAL ADDRESS (PHYSICAL FOR MAP IF BIT 2= 1)
i § 1 1 1 Il i Il 1 1 i 1 i 1 1 A I
BIT(S) FUNCTION
0o - USER ADDRESS
2-5(BIT 1=0)
2 TRANSLATION VALID
3 WRITABLE (KL PAGING MODE = 0)

WRITTEN (KL PAGING MODE = 1)

4 SOFTWARE (KL PAGING MODE = 0)
WRITABLE (KL PAGING MODE = 1)

5 WRITE REFERENCE

2-5(BIT 1=1) PAGE FAIL CODE

20 AN 1/0 INSTRUCTION SELECTED A NONEXISTENT
DEVICE OR REGISTER. (BITS 14-35 = |/O ADDRESS)

36 HARD MEMORY ERROR

37 NXM
7 PAGE TABLE CACHE
8 PAGED REFERENCE
18-35 VIRTUAL ADDRESS (PHYSICAL FOR MAP IF BIT 2= 1)

MR-0259

Figure 4-25 Page Fail Word
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4.13 OPERATOR CONSOLE

Local operator control of the KS10 is by a set of commands typed at the console terminal (CTY). The
CTY connects directly to the 8080-based console hardware via a serial line. A second serial line, which
operates in parallel with the first line, may also be connected to the console hardware to allow control
of the KS10 by a remote diagnosis link. Other (user only) terminals connect to the KS10 via the
Unibus DZ11 asychronous communications controllers.

The commands typed at the CTY, or entered from the remote diagnosis link, are implemented by the
program running in the console module’s 8080 microprocessor. The program is resident in PROM and
valid at power-up.

The CTY operates in either CTY mode or user mode.

NOTE
The remote diagnosis link also operates in more than
one mode as explained in Paragraph 4.14. These
KLINIK line modes should not be confused with the
console (CTY and user) modes. They are not directly
related to each other.

In CTY mode, commands are directed to (and executed by) the 8080 console hardware. An operator
may perform the following major functions.

Reset and bootstrap system

Load and check microcode
Deposit and examine memory
Read and write 1/O device registers
Read and write KS10 bus

Start and stop CPU clock
Single-step the CPU clock

Execute a given instruction

Halt the machine

Start the machine at a given location
Single-instruct a program

mOVXNANE W =

— p—

In user mode, the CTY is a user terminal and (with one exception) the console passes all characters
directly to and from the program running in the KS10 CPU without echoing or interpreting the
characters in any way. The exception is a “control -\”; which causes the console program to switch the
CTY from user mode to CTY mode provided the front panel LOCK switch is not on.

The console program initializes to CTY mode at power-up. When in CTY mode, if the operator starts
or continues KS10 program execution (ST or CO commands) or enters a ““‘control-Z”, the console
program switches to user mode. As stated previously, a “control -\ in user mode causes a return to
CTY mode. Also, an error which lights the FAULT indicator causes a return to CTY mode, as does
any KS10 processor halt instruction.

The CTY mode command prompt consists of the characters KS10, foltowed by a greater-than sign
(KS10>). A command, or a string of commands separated by commas, may then be typed and fol-
lowed by a carriage return (CR). The CR causes the command, or string of commands, to be executed.
The various console commands are listed in Table 4-3. Error printouts are listed in Table 4-4. Other
messages are listed in Table 4-5.
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Table 4-3  Console Mode Commands

Command

Description

Load Commands

LA xx
LC xx
LF xx

LI xx

LK xx

LR xx

Set KS10 memory address xx (0000000-1777777).

Set CRAM address xx (0000-3777).

Load diagnostic write function xx (0-7). The function specifies a 12-bit group
within a CRAM address.

LF CRAM Bits
0 00-11
1 12-23
2 24-35
3 36-47
4 48-59
5 60-71
6 72-83
7 84-95

Set 1/0 address xx. The address. consists of a control number and a register
address. 1/O addresses accessible from the console are listed below. Note
that the address of the console instruction register is not included. If the
console attempts to access its own instruction register, no response occurs.

Register
Control Address
No. (Octal) Register(s)
0 100000 Memory status register
1,3 763000-77 UBA paging RAM
1,3 763100 UBA status register
1,3 763101 UBA maintenance register
1,3 TXXXXX Unibus device registers

Set 8080 memory address xx. (PROM address = 00000-17777; RAM address
= 20000-21777).

Set 8080 register address xx.

NOTE
The values loaded by the load commands listed above are addresses for use as
arguments by associated deposit/examine commands. The values are not the
contents of an address.

Deposit Commands

DB xx

* DC xx

Deposit xx (36 bits) onto KS10 bus.

Deposit xx (96 bits) into CRAM. Address previously loaded by LC com-
mand.

* An asterisk (*) indicates that the CPU clock must be stopped in order to execute the command.
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Table 4-3 Console Mode Commands (Cont)

Command

Description

Deposit Commands (Cont)

* DF

DI

XX

XX

DK xx

DM xx

DN xx

DR

XX

Deposit xx (12-bit group) into CRAM. Address and diagnostic function pre-
viously loaded by LC and LF commands.

Deposit xx (16, 18 or 36 bits) into an 1/O register. Address previously loaded
by LI command.

Deposit xx (8 bits) into 8080 memory. Address previously loaded by LK
command. (Data cannot be deposited in PROM addresses, only in RAM
addresses.)

Deposit xx (36 bits) into KS10 memory. Address previously loaded by LA
command.

Deposit xx into next (KS10, 8080, 1/0, CRAM) address.

Deposit xx into 8080 register. Address previously loaded by LR command.

Examine Commands

EB

* EC
* EC

* EI

* EI

* EJ

EK

EK

EM

EM

XX

XX

XX

XX

Examine KS10 bus. Prints contents of console registers 100-103 and 300-303
(octal).

Examine contents of CRAM register.
Examine contents of CRAM address xx.

Examine contents of 1/O register. Address previously loaded by LI com-
mand.

Examine contents of 1/0 address xx.

Examine current CRAM address, next CRAM address, jump address, and
subroutine return address.

Examine contents of 8080 memory. Address previously loaded by LK com-
mand.

Examine contents of 8080 memory address xx.

Examine contents of KS10 memory. Address previously loaded by LA com-
mand.

Examine contents of KS10 memory address xx.

* An asterisk (*) indicates that the CPU clock must be stopped in order to execute the command.

4-34



Table 4-3 Console Mode Commands (Cont)

Command Description
Examine Commands (Cont)
EN Examine contents of next (KS10, 8080, 1/0) address.
ER Examine contents of 8080 register. Address previously loaded by LR com-
mand.
ER xx Examine contents of 8080 register address xx.

Start/Stop Clock Commands

CH
* CP
*CP xx

* CS

Halt CPU clock.
Pulse CPU clock.
Pulse CPU clock xx times.

Start CPU clock.

Start/Stop Microcode Commands

* PM

* SM
*SM xx
* TR

* TR xx

Pulse microcode. Performs a CP command to execute a microinstruction
followed by an EJ command to print current CRAM address, next CRAM
address, jump address, and subroutine return address.

Reset and start microcode at CRAM address 0.

Reset and start microcode at CRAM address xx.

Trace. Repeats PM command until any CTY key is depressed.

Trace. Repeats PM command until CRAM address xx is reached or until any
CTY key is depressed.

Start/Stop Program Commands

HA
CO

SH

SI

ST xx

Halt KS10 program. Microcode enters halt loop.
Continue KS10 program execution. Console program enters user mode.

Shutdown command. Deposits nonzero data into KS10 memory location 30
to allow orderly shutdown of the monitor.

Single instruct. Executes next KS10 instruction.

Start KS10 program at address xx. Console program enters user mode.

* An asterisk (*) indicates that the CPU clock must be stopped in order to execute the command.
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Table 4-3 Console Mode Commands (Cont)

Command

Description

Select Device Commands

DS

MS

Select disk for bootstrap or microcode verification. Console program asks
for UBA number (default = 1), RHI1 base address (default = 776700 octal),
and disk unit number (default = 0) as follows:

>>UBA? | <CR>
>>RHBASE? 776700 <CR>
>>UNIT? 0 <CR>

The default value for the RH11 base address is currently the only value per-
mitted. Also, a carriage return in response to any question retains the current
value.

Select tape for bootstrap or for microcode verification. Console program
asks for UBA number (default = 3), RH11 base address (default = 772440
octal), tape unit number (default = 0), tape density (default = 1600 bits/in),
and slave number (default = 0) as follows:

>>UBA? 3 <CR>
>>RHBASE? 772440 <CR>
>>TCU? 0 <CR>
>>SLV?0 <CR>

The default value for the RH11 base address is currently the only value per-
mitted. Also, a carriage return in response to any question retains the current
value.

Boot Commands

BC
BT

BT 1

LB

LB |

Check the KS10 boot path.

Bootstrap the KS10 from disk. Loads and starts microcode and monitor
boot program from drive 0 on UBA1 (default address) or drive selected by
last DS command; starts KS10 at memory address 1000 (octal). The BT com-
mand is performed automatically 30 seconds after power-up. Also, if the
boot fails, it is automatically retried every 15 seconds thereafter. A “control-
C” aborts the automatic boot process.

Same as BT command except that diagnostic boot program (not monitor
boot program) is loaded and started. '

Load the monitor boot program from the disk selected last. Does not load
microcode. Program must be started at 1000 (octal).

Same as LB command except that diagnostic boot program (not monitor
boot program) is loaded. Program must be started at 1000 (octal).

4-36



Table 4-3 Console Mode Commands (Cont)

Command

Description

Boot Commands (Cont)

MB

MT

Load the monitor boot program from the tape selected last. Does not load
microcode. Program must be started at 1000 (octal).

Bootstrap the KS10 from tape. Loads and starts microcode and monitor
boot program from tape unit 0, slave unit 0 on UBA3 (default address) or
drive selected by last MS command; starts KS10 at memory address 1000
(octal). :

Verify Microcode Commands

VD

VT

Verify CRAM against disk. Compares microcode in CRAM with microcode
found on disk unit 0 on UBA1 (default address) or disk selected by last DS
command.

Verify CRAM against tape. Compares microcode in CRAM with microcode
found on tape unit 0, slave unit 0 on UBA3 (default address) or tape selected
by last MS command.

Mark/Unmark Microcode Commands

* MK xx

* UM xx

Mark microcode word (set bit 95) at CRAM address xx.

Unmark microcode word (clear bit 95) at CRAM address xx.

Master Reset Command

MR

Master reset. Issue bus reset.

Execute Command

EX xx

Execute the single KS10 systems-level instruction xx.

Enable/Disable Commands

CE xx

PE =xx

Enable (xx = 1) or disable (xx = 0) cache.
Enable or disable parity detection as follows:
XX Meaning

Disable all parity detection.

Enable KS10 bus parity detection.
Enable DPE/DPM parity detection.
Enable CRA /CRM parity detection
Enable all parity detection.

~NaAn RO

* An asterisk (*) indicates that the CPU clock must be stopped in order to execute the command.
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Table 4-3 Console Mode Commands (Cont)

Command Description

Enable/Disable Commands (Cont)

SC xx Enable (xx = 1) or disable (xx = 0) automatic recovery from soft CRAM
parity errors.

TE xx Enable (xx = 1) or disable (xx = 0) CPU interval timer interrupts.
TP xx Enable (xx = 1) or disable (xx = 0) CPU traps.
NOTE
Following an enable/disable command with a carriage return gives the current
value.
Read CRAM Commands
* RC Read CRAM data. Performs diagnostic read functions 0-17 to read CRAM

addresses and contents (of current address) as follows:
XX Read Function

0 CRAM bits 00-11

| Next CRAM address

2 CRAM subroutine return address
3 Current CRAM address

4 CRAM bits 12-23

5 CRAM bits 24-35 (Copy A)
6 CRAM bits 24-35 (Copy B)
7 Os

10 Parity bits A-F

11 KS10 Bus bits 24-35

12 CRAM bits 36-47 (Copy A)
13 CRAM bits 36-47 (Copy B)
14 CRAM bits 48-59

15 CRAM bits 60-71

16 CRAM bits 72-83

17 CRAM bits 84-95

Zero Memory Command

ZM Zero memory. Deposit Os into all KS10 memory locations.

Repeat Command

RP Repeat last command, or last command string, until any CTY key is de-
pressed.
RP xx Repeat last command, or last command string, xx times.

* An asterisk (*) indicates that the CPU clock must be stopped in order to execute the command.
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Table 4-3 Console Mode Commands (Cont)

Command

Description

Lamp Test Command

LT

Blink indicators. Mbmentarily lights (1-2 seconds) and turns off (1-2 sec-
onds) STATE, FAULT, and REMOTE indicators. The indicators are then
returned to their original state.

Password Command

PW xx

Set password xx (xx = maximum of 6 alpha-numeric characters). Following
a PW command with a carriage return clears the password storage area.

KLINIK Commands

KL xx

TT

Enable remote link with access to system to operate in mode 2 but not in
mode 3 (xx = 0). Enable remote link with access to system to operate in
mode 2 or in mode 3 (xx = 1). Following a KL command with a carriage
return gives the current value.

Force KLINIK line from mode 3 to mode 2.

Special Control Characters

control-C
control-O

control-S

control-Q
control-U
control-Z
control-\
control-\\

RUB-OUT

Abort current command. Console returns command prompt.
Inhibit CTY output (type-outs).

Inhibit CTY output and stop 8080 console program until control-Q is typed
at CTY.

Enable CTY output and continue 8080 console program.
Delete current line.

Enter user mode.

Enter CTY mode.

Enter mode 3 (KLINIK line).

Delete last character.

NOTES
1. More than one command may be entered on a line
(separated by commas) and executed as a com-
mand string.

2. Commands (except for special control characters)
and command strings are followed by a carriage
return (CR) to cause command execution. (Spe-
cial control characters are executed when typed.)
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Table 4-4 8080 Console Error Messages

Message Meaning

7A/B A not equal to B. (A and B copies of a microcode field did not match.)

1BC xx BC command failed. (Refer to KS10 Maintenance Guide (EK-OKS10-MG) for
definition of error code xx.)

BFO Buffer overflow. (Too many characters typed; console’s 80-character input buffer
is full)

BN Bad number. (Character typed is not an octal number.)

BT xx BT command failed. (Refer to KS/0 Maintenance Guide for definition of error
code xx.)

7BUS Bad KS10 bus. (All bus lines not 0 after power-up or reset.)

C CYC Command/address cycle failed. (KS10 bus data failure detected during DB com-
mand; good and bad data printed.)

7CHK xx PROM checksum error. (Bad checksum for PROM chip xx where xx =1, 2, 3, or
4.)

D CYC Data cycle failed. (KS10 bus data failure detected during DB command; good and
bad data printed.)

IDNC Did not complete. (HA or SM command did not cause microcode to enter halt
loop.)

7DNF Did not finish. (ST, CO, or EX command did not complete.)

7FRC Forced reload. (Monitor has requested reload; 8080 halts the KS10, reloads the
pre-boot program, and starts in KS10 memory location 1000.)

NA Illegal address. (Address typed is out of range.)

ML lllegal command (command typed is not valid) or incorrect password (password
entered via KLINIK line does not match password entered at CTY).

7KA Keep-alive error. (During timesharing, the monitor failed to update the keep-alive
count for a period of approximately 15 seconds.)

"MRE Memory refresh error. (Incomplete KS10 MOS memory cycle. Error occurs when
memory must be refreshed in hung state.)

INA Not available. (Console not enabled to receive KLINIK line input.)

"NBR No bus response. (Console did not receive GRANT after requesting KS10 bus.)

INDA No data acknowledge. (Console did not receive DATA CYCLE signal after a data

request.)
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Table 4-4 8080 Console Error Messages (Cont)

Message Meaning

INR-SCE Nonrecoverable CRAM error. This message is followed by standard “7PAR
ERR’ message. :

INXM Nonexistent memory. (Deposit or examine command referenced nonexistent
KS10 MOS memory location.)

7PAR ERR xx System parity error. (CPU clock stopped due to system parity; XX = contents of
the following console status registers in the order indicated:

100, 303, 103 (octal)

7PWL Password length error. (Password is longer than six alphanumeric characters.)

RA Requires argument. (Command typed requires an argument.)

IRUNNING Clock running. (Command typed requires CPU clock to be stopped.)

I Unknown interrupt. (Console received interrupt but CTY or KLINIK line has no
character.)

%SCE Soft CRAM error. (8080 is attempting to recover by reloading the CRAM and
continuing the instruction that got the parity error.)

Table 4-5 Other 8080 Console Messages

Message Meaning

BT AUTO Beginning automatic boot procedure after power-up.

BT SW Beginning boot procedure as a result of BOOT switch being pressed (LOCK
switch in UNLOCK position). '

BUS 0-35 Message header for EB command.

CYC Cycle type for DB command.

ENABLED Entering CTY mode from user mode. (CTY mode is entered as a result of a
“control-\.” in user mode with LOCK switch in UNLOCK position.)

HLTD Halt in KS10 processor program execution.

KS10> Command prompt.

OFF Current state is off. (Response to CE, TE, TP, and KL commands when current

state of enable is requested and itis a 0.)
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Table 4-5 Other 8080 Console Messages (Cont)

Message Meaning

ON Current state is on. (Response to CE, TE, TP, and KL commands when current
state of enable is requested and itis a 1.)

RCVD Data received from bus. (Indicates bus data received if failure occurred during
EB command.)

SENT Data sent to bus. (Indicates bus data transmitted if failure detected during DB
command.)
USR MOD Entering user mode. (User mode is entered as a result of a “contro]-Z” or the suc-

cessful completion of a CO, ST, BT, or MT command.)

>>UBA? Query for UBA number.
>>UNIT? Query for unit number.
>>TCU Query for tape controller unit number.,

>>RHBASE? Query for RH11 base register address.

>>DENS? Query for tape density.

>>SLV? Query for tape slave number.

The console program reads and prints at the CTY the contents of certain 8080 registers in response to
the EB examine bus (EB) command or a system parity error command (?PAR ERR). The EB com-
mand prints registers 100-103 (octal) and 300-303 (octal) in addition to the bus data registers 00-03.
Registers 100, 303, and 103 (octal) are printed when the system parity error is detected. Register bit
format is shown in Figure 4-26.

4.14 REMOTE DIAGNOSIS (KLINIK) LINE

As stated previously, a serial line to facilitate remote diagnosis connects to the 8080 console in parallel
with the serial line for the CTY. This line, called the KLINIK line, operates under control of the 8080
console program in one of four operating modes. The mode depends on the position of the front panel
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‘REMOTE DIAGNOSIS switch (Paragraph 4.1) and whether or not the operator at the CTY has
entered a password or enabled/disabled duplicate CTY operation. The password is entered by the PW

command; duplicate CTY operation is enabled/disabled by the KL command. Console commands are
listed in Table 4-3.

The following list describes the four KLINIK line operating modes (0-3). Refer to Figure 4-27.
1.  Mode 0 (console unavailable to KLINIK line) - This mode is in effect when:
a. The front panel switch is set to DISABLE.

b. The front panel switch is set to PROTECT and the operator has not typed a password
at the CTY.

When the switch is in the DISABLE position or when the switch in the PROTECT position
and no password is entered, any character entered over the KLINIK line will be echoed as
“9NA” (Not Available). Once the operator types a password at the CTY using the PW
command, the KLINIK line is switched to mode 1.

2. Mode 1 (console waiting for password on KLINIK line) - This mode is in effect when the
front panel switch is set to PROTECT and the operator has typed a password at the CTY.
The first character entered by the KLINIK user in mode 1 is thrown away and echoed as
PW. Characters following the first are then compared against the password entered by the
operator. If there is no match; that is, if the KLINIK user has entered the wrong password,
the console responds with the error message 1L PW (lllegal Password). The KLINIK user is
allowed three chances to enter the correct password. (The line is hung up after the third
consecutive miss.) Once a correct password is entered, the message OK is printed and the
KLINIK line is switched to mode 2.

3. Mode 2 (timesharing user line) — This mode, in which the KLINIK line operates as a time-
sharing user line, is in effect when:

a. The front panel switch is set to ENABLE.

b. The front panel switch is set to PROTECT and the password entered over the KLINIK
line matches that typed by the operator.

Except for a “control\\-”, all characters entered on the KLINIK line in mode 2 are passed
directly to the program running in the KS10 CPU; the characters are not echoed or inter-
preted in any way by the 8080 console. A “control\\-,”” however, moves the KLINIK line to
mode 3 provided the operator has enabled the mode change by typing KL1 at the CTY.

4. Mode 3 (duplicate CTY) - This mode can only be entered from mode 2 (““‘control\\-"" on
KLINIK line), and only when entry is enabled by the operator (KL1 command at the CTY).
Once in mode 3, the KLINIK line has expanded capability in that it may perform 8080
console functions (Table 4-3). Characters entered over the line are interpreted exactly like
characters typed at the CTY (inputs actually ORed together at the 8080 input buffer), and
output from either the 8080 or a running KS10 program go to both the KLINIK line and the
CTY. The KLINIK line may be forced back to mode 2 by a TT or KLO command. It may be
returned to mode 0 by clearing the password area; that is, by entering a PW command with
no argument.
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100

101

102

103

300

301

302

303

.CSL -UBA3 1 -CRM MEM DP CRA .
PARERR | PAR ERR PARERR | PARERR | PARERR | PARERR
\ |
PI REQUEST MEM REF
1 2 | 3 4 i 5 [ 6 7 ERR
F)
AC RESET MEM 1/0 BAD DATA | COM/ADR | 1/0 DATA DATA
LO BUSY BUSY cve cYe cve cye
i
_UBA 1 1 BUS DATA
PAR ERR PAR RH PARLH 0o 1 2 3
CTYSTP | CTY CHAR | KLNK STP KLNK HALT
BITSW | LNGTHSW | BITSW |LENGTHSW| LooP RUN EXECUTE | CONTINUE
10 XM 0 BUS BUS LOCK BOOT DATA
INT REQ PAR ERR SW sw ACK
REMOTE | REMOTE | TERMINAL | KLINIK
0 0 0 0 PROTECT | ENABLE | CARRIER | CARRIER
. o o o R CLK CRAM DPE/M -DPM
ENB CLKENB | CLKENB | PARERR

Figure 4-26 Console Status Registers
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UNAVAILABLE

PASSWORD CLEARED
BY OPERATOR

(PROTECT SW A “PW ")

PASSWORD ENTERED
BY KS10 OPERATOR

(PROTECT SW A ““PWxx p"")

WAITING FOR
PASSWORD ON
KLINIK LINE

DUPLICATE CTY

“TTy or
IIKLO)II

CORRECT PASSWORD
ENTERED ON
KLINIK LINE

“CNTRL-W’
(IF ENABLED BY “KL1)")

TIMESHARING
USER

NOTE:
DOTTED LINES SHOW MODE CHANGES DUE
TO SWITCHING FRONT PANEL “REMOTE
DIAGNOSIS” SWITCH BETWEEN DISABLE (D),
PROTECT (P), AND ENABLE (E) POSITIONS.

MR-3337

Figure 4-27 KLINIK Line Modes

To summarize KLINIK line operation, the operator, after determining the need for remote diagnosis,
calls the DIGITAL Remote Diagnosis Center and gives his number and password. He also switches
the REMOTE DIAGNOSIS switch to PROTECT and enters the password using the PW command
(KLINIK line switches from mode 0 to mode 1). The Remote Diagnosis Center then responds by
entering the correct password on the KLINIK line (line switches from mode 1 to mode 2).

The KLINIK line user now becomes a user on the system. In this mode of operation, the customer
may continue to use a degraded but otherwise operational system while the Remote Diagnosis Center
runs SYSERR and user mode diagnostics to troubleshoot the problem. If it becomes necessary to take
the system from the customer, or if the system is down, the KLINIK line can become a duplicate CTY
by entering a ‘“control\\-” after the operator has enabled the mode change (mode 2 to mode 3) with
the KL command. The Remote Diagnosis Center then has complete control of the system for trouble-
shooting purposes.
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CHAPTER 5
TECHNICAL DESCRIPTION

5.1 INTRODUCTION

A functional block diagram of the KS10 is shown in Figure 5-1. The major KS10 components are the
console, CPU, MOS memory, and Unibus adapters (UBAs). They are interconnected by the KS10
(backplane) bus as shown in the block diagram.

The KS10 bus consists of 36 data lines (and 2 parity lines) plus the control lines necessary to perform
memory read/write operations, 1/O register read/write operations, and priority interrupt (PI) oper-
ations. (The data lines are multiplexed in that command/address information is transferred during one
bus cycle, and data is transferred during another.) The console, CPU, and UBA all read and write
memory over the bus. The console and CPU read and write the 1/0O registers. Pl operations on the bus
take place between the CPU and UBA.

5.1.1 Console
The M8616 console module (CSL) performs the following functions.

1. Provides the operator and maintenance interface to the system
2. Generates and controls the system clocks
3. Arbitrates the KS10 bus

The module contains an 8-bit 8080 microprocessor system and an associated CPU control and KS10
bus interface. The 8080 system consists of an 8080A microprocessor, an 8K PROM that stores the
console program, a 1K RAM used to store arguments and variables, and two USARTS to connect the
operator’s console terminal (CTY) and the remote diagnosis (KLINIK) line to the system. The 8080
components interconnect via the 8-bit CSL data bus.

One of the functions of the console program resident in PROM (and executed by the 8080A micro-
processor) is to control and service the USARTS. That is, 8-bit characters are transferred from the
RAM to the USARTS and the data is serialized for output to the CTY or KLINIK lines. Conversely,
serial input data from the CTY or KLINIK lines is assembled by the USARTS into 8-bit characters,
each causing an 8080A interrupt. In response to the interrupts, the microprocessor transfers the char-
acters from the USARTSs to the RAM for processing.

The main function of the console program is to decode and implement the console commands entered
via the USARTs. Many commands are executed as a result of the console initiating one or more KS10
bus functions. The module’s KS10 bus interface provides both 36-bit to 8-bit, and 8-bit to 36-bit, data
buffering to allow MOS memory and the 1/O registers throughout the system to be read or written
~over the bus.
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Other console commands assert control lines that connect directly to the CPU. For example, the
start/stop program commands assert RUN, EXECUTE, and CONTINUE lines to control KS10
program execution. Diagnostic functions also assert special control lines, although 18 of the 36 KS10
bus data lines are used to transfer the diagnostic data. The diagnostic functions load and examine
microcode in the CPU’s microcontroller. They are initiated during system bootstrap and by console
commands.

The system clocks generated on the console module are the basic block train (T clock and R clocks).
The console also generates the enable levels for the basic processor clocks in the CPU modules. The
enable levels may be turned on or off by the console program or by certain hardware parity errors.

The KS10 bus arbitrator is on the console module, but it is not controlled by the console program. The
modules connecting to the bus (including the console itself) must first request the use of the bus before
initiating a bus function. The arbitrator monitors all requests and grants the bus on a priority basis.

5.1.2 CPU

The CPU consists of the M8622 and M8623 microcontroller modules (CRA and CRM) and the
M8620 and M8621 data path modules (DPE and DPM). The microcontroller stores and sequences the
KS10 microcode loaded by the console. The data path, in turn, responds to the control signals gener-
ated by the sequencing microcode to implement the basic CPU functions.

Aside from the diagnostic logic that is required to load and examine the microcode, the main elements
in the microcontroller are the 96-bit X 2K control RAM (CRAM) which stores the microcode, the
CRAM register which holds each 96-bit microinstruction as it is read from CRAM and executed, and
the skip and dispatch logic (some of which is located on the data path modules) which determines the
next CRAM address. Part of the skip and dispatch logic is the 512-location dispatch ROM (DROM).
It is addressed by the op-code stored in an instruction register (IR) to provide dispatch and control

information specific to the individual system-level instruction being executed.

Also, part of the skip and dispatch logic is a subroutine stack and associated circuitry that stores the
current CRAM address and allows for temporarily interrupting the normal sequencing in order to
Jjump to (call) a subroutine elsewhere in the microcode. The stack is a 16-location RAM, thus provid-
ing for several levels of subroutine nesting; that is, the calling of one subroutine from another.

The basic element in the data path is the 2901 4-bit processor slice. A total of 10 2901s are used in
parallel to provide a 40-bit processing element that performs all of the primary arithmetic and logic
functions of the CPU. The 2901s contain an ALU (AD), Q register, input and output control logic,
and a 16-word RAM. The RAM contains working locations and constants plus several of the main
CPU control registers (PC, AR/ARX, EBR, UBR, etc.).

Another primary element in the data path is the RAM file. It is a 28-bit (26 data bits plus 2 parity bits)
X 1K RAM that contains the CPU’s 8 blocks of 16 ACs, 384 words of workspace, and the 512-word
cache.

The data path also contains the 10-bit logic which performs computations on exponents, counts steps
in shift and arithmetic operations, and performs byte manipulation. The 10-bit logic includes the
SCAD, SC, and FE registers.

The major data path components interfacing directly to the KS10 bus are the VMA register which

holds the virtual memory address (and I/O address) associated with KS10 bus operations, and the
hardware page table (a 16-bit X 512 RAM) that stores the virtual page number of the memory address.
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The flow of information through the data path is over three data buses: the DBus, DP, and DBM. The
DBus supplies data to the 2901 arithmetic unit, the RAM file, and the IR. The DBus receives data via
the DBus mixer from the RAM file, PC flags, new Pl level, VMA 27-35, and the other two data buses
(DP and DBM).

By way of DP, the 2901 outputs (which are the only source of data for DP) are available to the DBus,
the 10-bit logic, and the various elements in the KS10 bus interface. This includes the KS10 bus
transceivers, which makes DP data available for writing to memory and 1/0 devices over the KS10
bus.

DBM supplies data to the DBus and RAM file. It receives data from the 10-bit logic, the magic
number field in the current microinstruction (loaded in the CRAM register), DP and DP swapped, the
VMA, and the memory buffer (MB) which is contained in the KS10 bus transceivers.

Figure 5-2 shows the data path in greater detail. Every word fetched from storage goes to the 2901
arithmetic unit, but it is also placed in the cache part of the RAM file. As a result, the next time the
word is referenced, it is available directly to the DBus from the cache without requiring a KS10 bus
memory read operation. If a word fetched from storage (memory or cache) is an instruction, its left
half is loaded into the IR where it is available for execution by the microcode.

The result of an operation may go from the arithmetic unit via DP and the DBus to an accumulator in
the RAM file. But to write a word in memory requires that the arithmetic unit first supply a com-
mand/address for transmission on the KS10 bus. It then supplies the memory write data. As for words
read from storage, words sent to storage are also written into the cache so that they are readily avail-
able for subsequent memory read references. Words are deposited in cache via the DBus. The data
flow during KS10 bus I/O functions is similar to that for memory functions, except that data is not
placed in cache.

5.1.3 MOS Memory

The primary storage for the KS10 is a 128K to 512K MOS memory. It consists of from 2 to 8 M8629
MOS array boards (MMA) and an M8618 memory controller module (MMC). Each array module
contains 172 1-bit X 16K MOS chips to store 64K 43-bit words. A word contains 36 data bits plus 7
check bits. Only the memory controller module connects to the KS10 bus, thus providing the interface
to memory for the rest of the system. The CPU, console, and UBA all read and write MOS memory
over the KS10 bus. In addition, the UBA may gain a read-pause-write access during NPR data trans-
fers.

The memory subsystem has two basic paths for information flow: an address path and a data path.
When a command/address is transmitted on the KS10 bus to initiate a memory access, the bus address
is stored in the memory controller and then used to generate the necessary MOS array select signals
during the ensuing operation. The select signals (that is, board select, row column address, etc.),
together with 43 data lines, make up the MOS data bus interface that connects the memory controller
to all the array modules.

The 43 data lines on the MOS data bus interface are part of the ba<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>