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THE DECsystem-1090

The DECsystem-1090is an extension
of the DECsystem-1080 which was an-
nounced in September of 1974 and first
delivered in June of 1975. The DEC-
system-1090 offers all the outstanding
features of the 1080 plus many new
ones. The key features of the DECsys-
tem-1090 are:

The new KL10B Processor.

It features 1.4 mips, integrated chan-
nels, cache memory and a PDP-11 Con-
sole front end computer which permits
on-line, remote diagnosis and mainte-
nance. The new CPU permits more
compact configuration and lower power
consumption through the use of inte-
grated channels; improved perform-
ance; and substantially lower system
purchase and maintenance costs. Single
and dual CPU systems, featuring high
availability, are offered.

The new MH10 Memory System.

It offers 256K 36-bit words in one 31"
system cabinet. Internal 2-way inter-
leaving and eight memory ports accom-
modate up to 2 CPU's and all of
DIGITAL's standard memory channel
peripheral subsystems. The DECsys-
tem-10 memory can be expanded with
up to 16 MH10 units to over 4 million
words or 20 million ASCIl characters.

The new DN87S Communications
front end.

It provides additional features and
lower costs than previous communica-
tion frontend offerings. Costis reduced
through the use of the integrated DTE
channels which utilize high-speed micro-
code for data transfer. Important new
features include DECnet compatibility
and simultaneous support of synchro-
nous and asynchronous communica-
tions on a single front end. All the stan-
dard ANF features are also supported.
Up to three DN87S units per 1090 System
can accommodate up to 336 full duplex
asynchronous lines or 36 synchronous
lines. The number of lines can be ex-
tended by adding a DN87A and up to
three DN87D s, each of which can sup-
port 112 asynchronous or 12 synchro-
nous lines.

320K (TU70) and 780K (TU72) charac-
ters per second allow DECsystem-1090
The recently-announced RP06 200 users to select the tape system which
megabyte Disks. meets their needs. With the new TU72
They are now available using the system, 6250 bpi capability has been
integrated MASSBUS® controllers. Not added to our product offerings at the
only is the cost of Disk Systems sub- high end and the TTU16 72KHz system
stantially reduced, but the use of inte- greatly reduces the cost of 1600 bpi
grated controllers and channels provide capability, for low performance re-
automatic update of the cache memory quirements.
—thus reducing overhead. The on-line
disk data storage can now be extended

to over 6.2 billion ASCII characters or The new LP100 offers high quality

Alodts eon Gyl “band" printing at 1200 to 1500 lines per
The new TTU16 Magnetic Tape minute. The LP10 and LU10 offer high
Subsystem. quality mid-range and low-speed printers

Itnow uses the integrated MASSBUS®  at lower cost to meet users’ individual
Controllers to extend the DECsystem- needs, The CR10E and CR10F 1200 and
1090 tape capability to three subsys- 300 card per minute readers offer a
tems. Transfer rates of 72K (TU16), choice of two excellent card readers.

A complete range of Line Printers
and Card Readers.

UNIT
RECORD
MHI0 MEMORY BUS D S I/0 BUS
MEMORY o e 1
256K TO 4M A A CONSOLE
WOR NT END
oS INTERNAL CHANNELS | DTE FRONTE
AND CONTROLLERS

MASSBUS DTE

TU70/72 RTPO4/6 TTU 16 DNB875
TAPE DISK TAPE COMM
SYSTEM SYSTEM SYSTEM SYSTEM

A DECsystem-1090 Block Diagram
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Central Processors

Within the family of six DECsystem-
10 configurations, there are three cen-
tral processor units. All operate under
the same DECsystem-10 operating sys-
tem (TOPS-10), execute the same soft-
ware, and share most models of DEC-
system-10 peripheral equipment. The
three processors differ in their speed,
method of address mapping, memory
capacity, program size, auto-diagnostic
and restart features, and priority inter-
rupt system.

The KA10 central processor is used
in the DECsystem-1050 and 1055. The
more powerful KI10 central processor
is used in the DECsystem-1070 and
1077 configurations. The top-of-the-
line KL10 central processor is used in
the DECsystem-1080, 1090 and 1099.
The high speed 2K word cache memory
(K=1,024) permits rapid instruction ex-
ecution while minimizing accesses to
main memory. Adouble precision float-
ing multiply, for instance, executes in
4.8 sec.

Because all processors operate with
the same operating system, it is easy
to field upgrade a system with a KA10
and replace it with a KHO processor;
or take asystem witha Kl10and replace
it with a KL10 processsor, providing a
significant increase in the computing
power with no necessary changes in
user programs.

The 1090 configuration differs from
the 1050 or 1070 in that the high speed
data channels and communications
processor channels are integral to the
central processor. Upto eight high speed
buffered data channels can be utilized
which support DIGITAL's Massbus®
peripherals. Because the data channels
access four 36-bit words of memory in
one channel request cycle the total
throughput is in excess of one million
words per second or 4 megabytes per
second.Fornon-Massbus® peripherals,
external channels which transfer direct-
ly to memory can be utilized. An impor-
tant feature of the integrated high
speed data channels is that cache
is automatically updated

memory
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during /O transfers. The integrated
front end processor channels will ac-
commodate up to three PDP-11 com-
munications front ends in addition to
the KL10 console front end. These
channels utilize high speed microcode
to transfer and process data coming
from the PDP-11 communications front
ends. All channel data transfers are
parity checked. A final benefit of the
1090 internal channels is configuration
simplicity, improved maintainabllity
and reduced power consumption.




DECsystem-10 at a Glance.

Relative Performance
Avg. Number of Users
No. of CPUs

Memory Size in K words
{min.-max.) (K=1024)

No. of Instructions:
Instruction Look-ahead
Virtual Memory
Memory Interleaving
index Registers

Accumulators

Instruction Times (microseconds)**

Fixed Point Add
Fixed Point Multiply
Unconditional Jump

Single Precision
Floating Point Add

Double Precision
Floating Point Add

Double Precision
Floating Multiply

Double Precision
Floating Divide

Increment and Move Byte
Move from Memory

I/0 Bus Band width
(words/second)

Memory Bus Band width
(words/second)

10401050 1055*

1.0 1.8

10-40 20-70

1 2

64-256 128-256

366 366

No  No

No No .

2or4way 2or4way

15 15 each
o CPU

16 16 each
. CPU

28000 2.8

§5 NI e

15 15

9.8 9.8

59.4 594

N.A. I NA

NA N.A,

N.A. N.A.

NA. NA.

200K 200K

4000K  4000K

1060/1070
22
30-80
1
128-4096

378

Yes

Yes

2 or 4 way
4x15

4x16

1.6

4.6
13

2.7

3.9

8.1

16.0
5.6
1.6
370K

4000K

* Dual-processor systems execute two instructions simultaneously.
**Eor 1080/1088 and 1090/1099 Operands in Cache Memory.

1077*
35
40-100
2
128-4096

378
Yes
Yes
2 or 4 way

4 x 15 each
CPU

4 x 16 each
CPU

1.6
4.6
1.1

27
39
8.1

16.0
5.6
1.6
370K

4000K

1080/1090  1088*/1099*

5 I Y
50-127 75150
1 2

128-4096  128-4096

38 308
_Yes  Yes

Nos— " YoM - S

2o0r4way 2or4way

8x15 8x15each
cPU

8x 16 8x 16 each
CPQ g

52 .52 b

24 5" £ 24

36 .36

18 18

2.2 22

48 48

10.2 102

1.4 i 14

48 48

370K 370K

4000K  4000K




Instruction Set

Instruction Groups

The KA10 has 366 instructions, the
K0 378 instructions, and the KL10 398
instructions, an extremely large reper-
toire which provides the flexibility re-
quired for specialized computing prob-
lems. The instruction sets of the KA10
and KHO are hardwired. By contrast,
the instruction set of the KL10 is micro-
programmed; that is, each instruction
is actually a series of micro-instructions
that perform various logical functions
such as processor state control, data
path controland actualimplementation
ofeachinstructioninthe KL10's set. The
micro-code is loaded into a 1K 80-bit
word RAM (random access memory)
through the PDP-11 console/diagnostic
computer. Since the set provides so
many instructions to choose from, fewer
instructions are required to perform a
given function. Assembly language pro-
grams are therefore shorter than with
other computers, and the instruction
set simplifies the Monitor, language
processors, and utility programs. For
example, compiled programs on a
DECsystem-10 are often 30 to 50 per-
cent shorter, require less memory and
execute faster than those of comparable
computers.

In addition to these instructions, the
DECsystem-10 provides 64 program-
mable operators, 33 of which “trap” to
the Monitor (Monitor calls) and 31 of
which trap to the user's call area. The
remaining instruction codes are unimple-
mented and reserved for future expan-
sion. An attempt to execute one of these
unimplemented instructions results in
a trap to the Monitor.

The instruction set, despite its size, is
easy tolearn. Itis logically grouped into
families of instructions and the mne-
monic code is constructed modularly.
All instructions are capable of directly
addressing a full 256K (36 bit) words
of memory without resorting to base
registers, displacement addressing, or
indirect addressing. Instructions may,
however, use indirect addressing with
indexing to any level. Most instruction
classes, including floating point, allow
immediate mode addressing, where
the result of the effective address cal-
culation is used directly as an operand
in order to save storage and speed
execution.

Instruction Format

Inallthe non-input/outputinstructions,
the nine high-order bits (0-8) specify
the operation, and bits 9-12 usually ad-
dress an accumulator but are some-
times used for special control purposes,
suchas addressing flags. The restof the
instruction word always supplies infor-
mation for calculating the effective
address, which is used for immediate
mode data oris the actual address used
to fetch the operand or alter program
flow. Bit 13 specifies the type of ad-
dressing (direct or indirect), bits 14-17
specify an index register for use in ad-
dress modification (zero indicates no

indexing), and the remaining eighteen
bits (18-35) contain a memory address

The instruction codes that are not
assigned as specific instructions are
performed by the processor as so-called
“unimplemented operations”, as are
the codes for floating point and byte
manipulation in any KA10 that does not
have the hardware for these instructions.

An input/output instruction is desig-
nated by three 1s in bits 0-2. Bits 39
address the input/output device to be
used in executing the instruction, and
bits 10-12 specify the operation, The rest
of the word is the same as in other
instructions.

ADDRESS TYPE

ACCUMULATOR INDEX
sy | e
INSTRUCT = T e
L 00E ] N | '| g |1 MEMORY ADDAESS
0 89 121314 1718 1
ADORESS TYPE
INSTRUCTION RECISTER
N ” ADDRESS
. N v
I_T [ e [ N\ [II [ MEMORY ADDRESS |
0 23 910 1213 1718 35
INSTRUCTION FORMAT
—_—
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HALF-WORD DATA TRANSMISSION
The half-word data transmission in-
structions move a half-word and may
modify the contents of the other half of
the destination location. There are 16
instructions which differ in the direction
that they move the chosen half-word
and in the manner in which they modify
the other half of the destination location.

FULL-WORD DATA TRANSMISSION

The full-word data transmission in-
structions move one or more full words
of data from one place to another. The
instructions may perform minor arith-
metic operations such as forming the
negative or the magnitude of the word
being processed.

BYTE MANIPULATION

The five byte manipulation instruc-
tions pack or unpack bytes of any length
anywhere within a word.

LOGIC INSTRUCTIONS

The logic instructions provide the
capabilities of shifting and rotating, as
well as performing the complete set of
16 Boolean functions on two variables.
FIXED-POINT ARITHMETIC

Two common conventions are to re-
gard a number as an integer (binary
point atthe right) or as a proper fraction
(binary point at the left); in these two
cases, the range of numbers repre-
sented by a single word is —2% to 2%
-1 or -1 to 1-2-%_ Since multiplication
and division make use of double-preci-
sion numbers, there are specialinstruc-
tions for performing these operations
to yield results that can be represented
by a single word.

The format for double-length fixed-
point numbers is just an extension of the
single-precision format. The magnitude
(or its twos 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, 0 for positive, 1 for
negative. Bit O of the low-order word is
ignored. The range for double-length
integer and proper fractions is thus
-270 to 27 -1 or -1 to 1-2-70. Zero is
represented by a word containing all Os.

FLOATING-POINT ARITHMETIC

All DECsystem-10 processors have
instructions to perform scaling, negating,
addition, subtraction, multiplication and
division upon numbers in single-preci-
sion, floating pointformat. In the single-
precision floating point format, one bit
is reserved for the sign, eight bits are
used for the exponent and 27 bits are
used for the fraction.

As a superset of the KA10, the KHO
and KL10 have instructions to perform
all of the above functions in double-
precision floating-point format as well
as single-precision floating-point. In
double-precision floating-point format,
one bitis used for the sign, eight bits are
used for the exponent and 62 bits are
used for the fraction.

FIXED/FLOATING CONVERSIONS

Special KHO and KL10 instructions
provide the capability of converting
fixed-point formats to or from floating-
point formats. Two sets of instructions
are provided to perform this function:
one set optimized for FORTRAN and a
second set optimized for ALGOL.
ARITHMETIC TESTING

The arithmetic testing instructions
may jump or skip, depending on the
result of an arithmetic test and may
first perform an arithmetic operation
on the test word.

LOGICAL TESTING, MODIFICATION,
AND SKIP
These instructions modify and/or test
using a mask and/or skip on selected
bits in an accumulator.
PROGRAM CONTROL
Program control instructions include
several types of jump instructions and
the subroutine control PUSHJ and
POPJ instructions.
INPUT/OUTPUT OPERATIONS
Input/output instructions govern all
direct transfers of data to and from the
peripheral equipment and also perform
many operations within the processor.
Block transfer instructions handle bulk
data transfers to and from I/O devices.
UNIMPLEMENTED USER

OPERATIONS (UUQOs) !
Many of the codes not assigned as

specific instructions are executed as
unimplemented useroperations wherein
the word given as an instruction is
trapped and must be interpreted by a
routine included for this purpose either
by the programmer or by the Monitor.
Those UUOs reserved for use by the
Monitor are called Monitor UUOs
(MUUOs), while user UUOs are called
Local UUOs (LUUQs). Instructions that
are illegal in user mode also trap in the
same manner as MUUOs.

BUSINESS INSTRUCTION SET

Five instructions comprise the Bus-
iness Instruction Setin the KL10 central
processor. Four of these are new arith-
meticinstructions toadd, subtract, mul-
tiply, and divide using double precision,
fixed-point operands. The new STRING
instruction is capable of performing
nine separate functions.

These functions include an EDIT
capability; decimal to binary and binary
to decimal conversion in both offset
and translated mode, (offset mode is
byte modification by addition of the
effective address of the string instruc-
tion. This also occursin EDIT. In addition
to providing the translation function,
those instructions which use translation
can control the flags in ACs and can
detect special characters in the source
string.); Move String in both offset and
translated mode; and Compare String
in both offset and translated mode.

This Business Instruction Set provides
faster processing since there are spe-
cific instructions for doing more com-
prehensive string operations. These
instructions can be used on a variety of
code types such as ASCll and EBCDIC.

TrapHandlingon the K10 and KL10

The KO and KL10 provide facilities
for handling arithmetic overflow and
underflow conditions, pushdown list
overflow conditions, and page failures
directly by the execution of programmed
trap instructions. This trap capability
avoids recourse to the programinterrupt
system.




Processor Modes

Instructions on the KA10 are executed
in one of two modes depending upon
whether a mode bit has been set.
Programs operate in either User Mode
or Executive Mode. In Executive Mode
operations, allimplemented instructions
are legal, addresses are not relocated,
and all core locations are accessible.
The Monitor operates in Executive
Mode and is able to control all system
resources and the state of the processor.
In User Mode operations, addresses
are relocated, certain instructions are
illegal, causing monitor traps when
executed, and address references are
confined within two user program
segments.

The KHO and KL10 further divide
Executive and User Mode operation
into two submodes each. User Mode
is subdivided into publicand concealed
submodes and Executive Mode into
supervisor and kernel submodes. For
each 512-word page in the system,
information is stored in a table main-
tained by the operating system which
specifies whether or not a page can be
accessed or altered, and if it is defined
to be public or concealed.

If a program is running in a public
submode, pages within the user's ad-
dressing space are accessible only if
they are listed in the user's page map
and are defined to be accessible from
public mode. Pages designated public
are, by definition, accessible. Pages
designated concealed may be accessed
only at defined entry points, i.e. portals
which permit entry from public submode
programs. In concealed submode op-
erations, programs can access all of
the virtual addressing space. However,
if a program running in concealed sub-
mode executes an instruction from an
area designated to be public, the state
of the processor transfers over into
public submode. Concealed areas can
be used for proprietary coding that can
be executed but not altered or examined
by users in the public mode.

The supervisorand kernal submodes
are similar but notidentical to the public
and concealed submodes. Supervisor
submode programs can access but

cannot alter areas designated as con-
cealed. Also, any instruction executed
out of a public area from either super-
visor or kernel submode returns the
processor to supervisor submode. In
kernel submode operations all of mem-
ory is accessible and can be altered.
Programs operating in kernel submode
can address portions of memory directly,
without paging, and it is through the
kernel submode program that page
restrictions are established. Functions
delegated to supervisor submode gen-
erally include those affecting individual
users as opposed to overall system
management of input/output, priority
interrupts, page map accounting, efc,
which are handled by kernel submode
programs. The ability of kernel submade
programs to supply information which
supervisor submode programs can read
but not alter allows portions of the oper-
ating system to be hardware-protected
from other portions undergoing modi-
fications or design changes.

Public Submode

®* User programs

* 256K word address

* Allinstructions permitted
unless they compromise

users
®* Can transfer to concealed

Supervisor Submode

ment of system

* Performs those functions
that affect only one user
atatime

space labeled public

integrity of system or other

submode only at entry points

* Performs general manage-

®* Executes in virtual address

KO AND KL10 PROCESSOR MODES

USER MODE

Concealed Submode

* Proprietary programs

* Can READ, WRITE,
EXECUTE or TRANSFER
to any location
labeled Public

EXECUTIVE MODE
{(Monitor)

Kemel Submode

* Performs l/O for system

* Performs those functions
that affect all users




Fast Register
Blocks

General-purpose registers are a DEC-
system-10 feature that help improve
program execution. These sets of fast
integrated circuit registers can be used
as accumulators, index registers, and as
memory locations. Since they may be
addressed as memory locations, they
do not require special instructions.

One set of 16 registers is included in
the KA10, four sets of 16 fast registers
are included in the K10, and eight sets
of 16 fast registers are included in the
KL10. Context switching on the KA10 is
performed by storing the register infor-
mation into core locations. Program
switching time for the KL10 between
register stacks is 500 nanoseconds.

On the KI10 and KL 10, differentregis-
ter blocks can be used for the operating
system and individual users. This elim-
inates the need for storing register con-
tents when switching from User Mode
to Executive Mode. Also, a critical real-
time program is able to maintain its own
register block for handling data and
interrupt sequences at maximum speed.

Real-time Clocks

The DK10 Real-time Clock is available
with each KA10- or KH0-based DEC-
system-10 and provides high-resolution
timekeeping for time accounting, time-
base maintenance, periodic high-fre-
quency interrupts, and interval timing.
Meeting the most demanding real-time
requirements, the clock provides 10
usec resolution and a choice of up to
2'8 possible timing intervals, so that in-
terrupts can be programmed at inter-
vals from 10 usec up to 2.6 seconds.

In addition to an interval register, the
DK10 has a frequency counter which
counts the pulses of aninternal 100 kHz
+0.01clock, oran external clock having
a maximum frequency of 400 kHz. The
clock includes a comparator network
which provides a running comparison
between the frequency counter and
the internal register. When the frequency
counter reading equals the total on the
internal register, a program interrupt is
generated and the frequency counter
is automatically reset so that itcan time
the next interval.

The clock, which is assignable to any
interrupt channel, can be used to pace
real-time, monitor, or other functions
performed in either Executive or User
Modes. In fact, a KA10 or KHO system
can have two clocks—one for each
mode—since two device codes are
available for clock use. Clock updating
is interlocked with the DATAI instruc-
tions so that it can be read correctly—
atany time—by the KA10 or K10 without
losing a clock pulse.
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The four clocks built into the KL10
provide a number of timing and count-
ing functionsincluding anintervaltimer,
a time base, an accounting meter and
a performance analysis counter.

All of the operations on these clocks
are accomplished by means of 1/O in-
structions to internal devices. Many of
these functions use a microsecond
source of pulses whichis counted down
from the basic machine clock. The
0.005% tolerance will give less than
five seconds drift over 24 hours.

The Interval Timer provides a pro-
grammable source of interrupts with a
1 microsecond resolution and is similar
to the DK10 real-time clock. Itis used for
real-time applications and for page
management by the Monitor. It is de-
signed so that a realtime deadline
schedule with varying deadlines can be
implemented.

The Time Base providesa 60-bit micro-
second resolution source of elapsed
time. This gives over a 9,140 year maxi-
mum time before wrap-around.

The Accounting Meters provide an
accurate and reproducible measure of
the amount of processorresource used
by a job, interrupts, page failures, and
cache activity.

The Performance Analysis Counter
provides a tool for studying hardware
and software performance of the sys-
tem. ltmay be usedto pointto hardware
and/or software bottlenecks.




On the KA10, dual memory protection
and relocation registers protect other
users and the monitor from errorsin the
active user program. If a user attempts
to reference memory outside his area,
his program is stopped from operating
and control is transmitted to the opera-
ting system. The feature also permits
dynamic memory allocation, allowing
each user program to be assigned either
one or two segments of memory. One
of these segments can be write-pro-
tected so as to protect critical programs
or data from errors committed by the
user. Segments—which are multiples or
1024 words—may be located anywhere
in memory and may contract and ex-
pand as needs dictate. Memory man-
agement techniques, employed by the
Monitor, insure efficient memory usage.

The division of programs into two seg-
ments also makes possible the reentrant
or recursive use of language processors
and systems programs. With the DEC-
system-10, all DIGITAL-supported lan-
guage processors and most utility pro-
grams are reentrant. In otherwords, each
program is written in two parts. One part
contains pure or reentrant code that is
not modified during execution so the
Same copy can be used to simultane-
ously service any number of users. A
separate second part of the program
belongs strictly to each user and con-
sists of non-reentrant code and data.
This section is storedina separate area
of core. This feature allows more users
to utilize a given amount of physical
core simultaneously. Alternatively, less
coreisrequired to service a given num-
ber of users. The result is much more
efficient use of computing resources.

The ability to divide programs into
two segments is not limited to DIGITAL-
supplied language processors and
utilities. User-written programs, includ-
ing those written in higher-level lan-
guages such asFORTRAN andCOBOL,
can also take advantage of this feature.
Thus, user developed applications can
benefit from the same efficient treat-
ment given DIGITAL-supplied software,

Memory

KI10 Processor
Associative Memory
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=

18 BITS +

Eoeg) s
e ‘
—
L]
9 [ 3 |
32[ ASSOCIATIVE | PAGE
WORDS 1 MEMORY TABLE

T

} T
[wa]

o le

] zeurs. ]

PHYSICAL ADDRESS

|

KI10 ASSOCIATIVE MEMORY

S6x WORDS
12 PAGES

N

S096x WORDS
B192 PAGES

KL10 Processor
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The KI10 and KL10 provide memory
address mapping from the program's
memory address space (referred to as
the effective address) to the physical
memory address space by substitution
of the most significant bits of the memory
address. This mapping providesaccess
to the entire physical memory space
which can be up to 16 times larger than
the maximum user address space. The
user's effective address space is 256K
words addressed with 1B-bitaddresses;
the physical address space is 4,096K
words addressed with 22-bitaddresses
(where 4,096K Is equivalent to 4,194,304
decimal).

The memory mapping process uti-
lizes the most significant 9 bits of the
effective address as an index into the
appropriate page map (User or Execu-
tive). The data located by the index pro-
vides 13 bits which are appended to the
least-significant 9 bits of the effective
address in order to form the 22-bit
physical address. Also provided are 3
bits which indicate what type of memory
requests are allowed to the page in
question (none, read-only, proprietary,
etc)

If this scheme were implemented
exactly as outlined above, every user
memory reference would require two
actual memory references: one to
obtain the memory mapping data and
one to obtain the user's mapped mem-
ory reference. In order to reduce the
number of actual memory references
to nearly the same number as required
by the program, an associative memory
mapping unit is used in the K0, while a
copy of the entire page table is keptin
the KL10 hardware.

If the address is in the range 0-17
(octal) inclusive, the hardware fast
register blocks are referenced instead
of the memory system. On the KHO, the
User Mode bit and the high-order 9-bits
of the virtual address are compared
against the contents of the associative
memory registers which are part of the
memory mapping hardware. These 10-
bits will either exactly match one of the
associative registers or a no-match
occurs. On the KL10, the User Mode bit
and the high-order 9-bits of the virtual
address are usedtodoa “tablelook-up”
in the hardware page table.

On the KO, if a match exists, the
contents of the related register supply
the 13-bit most-significant portion of
the physical memory address and also
supply 3 bits which indicate what type
of memory references are allowed to
this page, i.e., if the memory request is
not consistent with the request type
allowed bits, a page failure occurs. On
the KL10, ifa page table entry exists, the
contents of the entry supply the 13-bit
most-significant portion of the physical
memory address and also supply 3 bits
which indicate what types of memory
references are allowed to this page.

For both the KO and KL10, if the
memory request is consistent with the
request type allowed bits, the physical
address used consists of the 13 bits
from the related register as the most
significant bits of the physical address
and the 9 least significant bits of the
effective address as the least significant
bits of the physical address.

When the relocation data for a refer-
enced page doesnotexistintheassoci-
ative memory of the KO, or the hardware
page table of the KL10 (i.e., a no-match),
the hardware reads the relocation data
from the page table in memory and
stores it into the associative memory
of the K110 or the hardware page table
of the KL10.

The associative memory in the KI10
has associated with it a reload counter
that points to one of the 32 entries in

the memory.

Any time a word of the associative
memory of the KHO is referenced and
the reload counter is pointing at it, the
reload counter is incremented to point
at the next word in the KI10 associative
memory. Whenever it is necessary to
load a new entry into the associative
memory, the location replaced is the
one to which the reload counter points.
Thus, at worst, a page which was just
referenced would not have its word in
the K10 associative memory replaced
by the next memory reference. If a
particular word in the KO associative
memory has not been referenced in
some time, the reload counter would
be left pointing to this word, having been
pushed away from all words in associa-
tive memory which have been used.
Thus, a 1-bit approximation to “least-
recently-used” page table operation is
obtained.

The monitor assigns the core area
for each user by loading the various
page tables, setting up the trap locations
in the user page map, and responding
appropriately when a trap occurs. The
Monitor provides memory protection
for itself and each user by filling the
page tables only with those entries
which are allowed to be accessed. A
zero access bit in the page table will
cause a reference to the associated
page to initiate a page failure trap to
the Monitor.

The TOPS-10 Operating System
utilizes the KO and KL10 in-core page
maps to create one or two segment
programs in roughly the same fashion
as it uses the protection and relocation
registers of the KA10. The major benefits
of the paging capability are a smaller
unit of core allocation (512 words in-
stead or 1024), the freedom to scatter
the pages of a segment randomly
through physical core (avoiding core
fragmentation and the overhead of
repacking core), and the opportunity
to execute a program when all of its
pages are not in physical core (i.e, a
virtual memory capability).




Cache Memory

The KL10 features a cache or buffer
memory with 160 nanosecond access
time. Data being written to or read from
memory is typically found in the cache
8510 90 percent of the time, thus giving
the KL10 an effective memory access
time of 334 nanoseconds with current
DECsystem-10 memories. Another
feature of the “state-of-the-art” design
cache memory on the KL10 is that it
does notrequire write-through to mem-
ory. This eliminates, for example, the
necessity of writing back into main
memory eachvalue ofanindexina loop
comprised of only a few instructions.

A cache sweep feature allows all
pages or one selected physical pagein

main memory to be updated from the
cache,

Memory Systems

To meet the requirements of large
systems, DECsystem-10 core memory
can be modularly expanded to 256K
words for KA10-based systems or 4,096K
words for KHO- and KL10-based sys-
temns, all directly addressable. Memory
can consist of combinations in 64K,
128K and 256K word modules. The
structure of the memory bus gives the
central processor and high-speed data
channels simultaneous access to sep-
arate memory modules and allows
each to operate at its own speed.

The MF10 provides up to 4 ports and
the MG10 or MH10 up to 8 ports. Each
portcanbe furtherexpandedthroughthe
use of the MX10 memory multiplexer.
The multiplexer handles up to eight
channels, inter-leaving data from the
channels on a word-by-word priority
basis. Such parallel operation yields
many improvements over systems
which provide only a single path to
memory. The memory bus station al-
lows each data channel to transmit full
36-bit words in parallel at a speed of
one million words per second. In total,
the memory structure operates atrates
of up to 10 million characters per second
when I/O devices and processors are
concurrently simultaneously transfer-
ring data. In addition, the memory bus is
capable of handling a maximum of 16
memory modules. Eachmemory module
provides switches which allow that par-
ticular module to representany module
of its size in the addressable memory
space. Thus, one model can replace
another without rewiring. The Switches
also provide for memory interleaving,

The core memory systems available
for the DECsystem-10 are described in
the memory table below.

Interleaving

The concept of interleaving has long
been used to increase the effective
bandwidth of DECsystem-10 systems.
On KA- and Ki-based systems, succes-
sive memory locations were localed,
via memory addressing hardware, in
alternating memory modules. Thus, the
processor, when requesting successive
logical locations, would not have to wait
for the complete memory read/write
cycle to be complete before affectinga
fetch. The first memory module could
be completing the write cycle, whilethe
second memory module could be ac-
complishing a read cycle.

The memory implementation tech-
niques for the KL dramatically extend
this concept. The memory bus archi-
tecture of the KL10 differs from both
the KA10 and the KHO in that its width is
four 36-bit words. That is, in an ade-
quately configured memory system,
the KL10 actually reads or writes four
words concurrently from memory. The
four logically successive memory loca-
tions (obtained from four physically
separate memory modules) are placed
in the KL's cache memory, and in
typical programs, another core memory
reference need not be initiated until the
four instructions or data have been
processed. Combined with the typical
effects of the cache memory, therefore
the KL has an effective memory word
access time of 334 nanoseconds, using
current DIGITAL memory.

Core Memories
MH 10 MG10 MF10

Word Size 36 bits plus parity 36 bits plus parity 36 bits plus panty
Minimum Memory Size B4K 32K I2K
Maximum Memory Size

KA10 256K 256K 256K

Ko 4096K 2048K 1024K

KL10 4096K 2048K 1024K
Module Sizes

32K words No Yes Yes

64K words Yes Yo Yas

128K words Yes Yes No

256K words Yes No No
Read Access Time

Typical 735 620 ns 550 ns

Maximum 745 660 ns 610ns
Cycle Time 12800 10us a50 ns
Interieaving 2 or 4 way 2 or 4 way 2 or 4 way
Minimum memory External Only
that can be disabled B4AK 32K 32K

R—
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Input/Output

Priority
Interrupt System

The DECsystem-10 Priority Interrupt
System is one of the most flexible
available today. Devices are assigned
under program control to any one of
seven priority levels through the dy-
namic loading of a 3-bit register within
the device. Each interrupt level has any
number of high-speed programmable
sublevels. Thus, a program can change
the priority level of any device or dis-
connect the device from the system
and later reinstate it at any other level
In the same manner, a program can set,
enable, or disable, all or any combina-
tion of levels with a single instruction.
In addition, the program can assign
some or all devices to the same level.

A set of instructions (block-in and
block-out) allow blocks of information
to be transferred between a device and
memory with a single instruction. These
instructions identify the source of the
interrupt, update a word countand data
address, transmit or receive the block
or information, and dismiss the interrupt

The system can also generate inter-
rupts through software. Real-time hard-
ware can thus operate ona high-priority
level while related computations, parti-
cularly if they are lengthy, can be per-
formed on a lower level

The DECsystem-10 program-assign-
able priority interrupt system provides
much greater flexibility than perman-
ently hard-wired systems. Hard-wired
systems require a large number of
levels, often operate with an extremely
high overhead, and cannot change de-
vice priorities without system shutdown
and rewiring

An interrupt on the KI10 or KL10 can
cause the processor and the interrupting
device to immediately initiate one of
several possible actions. In response to
the “interrupt grant” signal from the
processor, the device may supply a
33-bit word which is decoded as 18 bits
address, 12 bits data, 3 bits function.
The processor then does one of the
following:

* Executestheinstructionfoundatthe
supplied 18-bitaddress (K10 or KL10)

* Transfers a word into or out of the
addressed location (K10 or KL10)

* Adds a signed 11-bit (12 bits+ + 11 bits)
value to the addressed location
(KL10 only)

* Traps to a predefined memory loca-
tion (KA10)

Peripheral devices which are not
equipped with the decoding logic per-
form an interrupt and transfer of control,
as on the KA10, to one of the standard
interrupt trap locations.
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Multiplexed
1/O Bus

The DECsystem-10 Multiplexed 1/O
Bus provides a 36-bit full word paralliel
path between memory and an I/O de-
vice for purposes of control or low-speed
data transfer. Toinitiate high speed data
transmission directly between memory
and a device connected to the memory
bus, a control word is first transferred
over the 1/O bus to the buffer of the
high-speed device controller. Then, on
command, entire data blocks are moved
directly to or from memory with a single
instruction. (For a description of the
memory bus, see the discussion of
Memory Systems.)

The 1/O bus may also be used as a
control and data path to/from a large
number oflow-speed /O devices. Trans-
fer is performed in 36-bit words in
parallel at speeds of 200K words/sec
on the KA10, and 370K words/sec on
the KHOand KL10. Thus each data trans-
mission instruction moves one word
of data between memory and the buffer
of the device controller. When block
input or output instructions are used,
entire blocks of data are moved to or
from the device with a single instruction.




Massbus

The KL10 architecture and imple-
mentation now allow use of DIGITAL's
latest Massbus controllers, channels,
and peripheral devices. Although, via
memory bus and I/O bus logic, the KL10
supports traditional peripheral control
units, the efficient memory control unit
provides paths and logic for transfers
into and out of DECsystem-1090 mem-
ory. Virtual-to-physical address trans-
lation is performed by a 64 x 154-bit
RAM. The memory control also includes
a series of multiple word channel
buffers for high-speed direct I/O over
the channel bus to the individual Mass-
bus devices. For each device, there is
one RH20 channelcontaininga16-word
data buffer, a channel command word
register, and a control word location
pointer—effectively a program counter.
The channels perform data transfer by
executing channel programs which are
set up in memory by device service
routines.

A storage bus provides a 1.6 million
words/second transfer bandwidth be-
tween the memory control unit and
memory. In diagnostic mode, the stor-
age bus is used to access the internal
memory controllers. The channel bus
is a physically short, high-speed data
transfer path providing a peak /O band-
width of six million words/second be-
tween the memory control unit and the
Massbus controllers. The channel bus
operatesinasynchronoustime division
multiplexed mode, allowing the con-
nection of multiple controllers to
memory,

A high-speed data path (Massbus)
connects the integrated channel con-
trollers and mass storage devices, such
as disk or tape. Operating either asyn-
chronously or synchronously, the
Massbus transfers control and status
information or blocks of data between
devices and controllers. The UNIBUS,
an integral part of the PDP-11 architec-
ture, provides a data and status control
path between the Front End Processor
and the devices making up the PDP-11
system, including the communications
interface and unit record 1/O devices.

1080 MASSBUS CHANNEL
]0:!363% BLOCK DIAGRAM

DECsystem-10
1/0 BUS
rh_;:,_o-__ DFI0, DF10C
MEMORY_| - T R RHI0 Sses
MEMORY T B8US | MULTIPLEXER DAS 33 Bl
ey Ay
IF REQUIRED
1090 MASSBUS CHANNEL
KL10-B
— CENTRAL 1/0
I PROCESSOR [ BUS
Mi;‘?“ DMA RH20 - MASSBUS
e UP TO 8
i The DECsystem-1090 can use either

1/0 CHANNEL
CAPACITY

DECsystem-1050 and 1070 genera-
tion equipment implement high-speed
data transfers from mass storage de-
vices via a direct to memory channel
using the DF10, DAS33 or DX10channel
and an appropriate controller. If the
number of channels exceeds the avail-
able memory ports then an MX10 multi-
plexer can be used. In general, capacity
is determined by the memory system
word transfer rate capacity which will
vary based on the type of memory used
and the method of interleave. For cur-
rentmemories, fourwords canbe trans-
ferred every microsecondin afour-way
interleaved configuration. Conflict in
memory portcontention willreduce the
effective word transfer rate somewhat
and can result in “overruns” which oc-
cur when a rotating mass storage de-
vice cannot execute amemory transfer
in the required time. TOPS-10 recovers
from this situation and simply retries the
transfer untilitis completed. The DAS33
buffered channel will greatly reduce or
eliminate “overrun” capacity loss.
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the direct to memory channels or the
internal channels in the KL10B Central
Processor. Since the processor is con-
figured on a lower memory priority pori
than directto memory channels thereis
no conflict between these devices. The
KL10 cache and internal buffering
further reduce any contention. The
number of internal high-speed chan-
nels which can be operated simul
taneously depends on the data transfer
capacity between the CPU and Mem-
ory. This, in turn, is a function of the
memory interleave method and corre-
sponding number of data busses im-
plemented. The following table sum-
marizes this relationship based on
RP04 or RP06 device transfer rates.

Memory Interleave

and KL10 Bus Mode 11214

215|6

Number of Channels
Transferring Simultaneously

This table presumes no “overruns™
Should these occur they would be
handled by TOPS-10 in the same man-
ner as direct to memory channels. It
should be noted that for typical daid
transfer rates of under 1000 blocks p_ef
second there is no measurable conflict
between instruction execution and 0
transfer




Console/Diagnostic Computer

One of the more significant features
of the KL10 is the PDP-11-based Con-
sole/Diagnostic Computer

The PDP-11 communicates with the
KL10 through a DECsystem-10/PDP-11
interface. The interface allows data
transfers between the PDP-11 and the
KL10 to take place simultaneously. On
the PDP-11 side of the interface, data
has direct memory access over the
PDP-11 UNIBUS in 8- or 16-bit bytes. On
the KL10 side of the interface, data may
exist in any size byte up to 36 bits in
length

The PDP-11 serves as the console de-
vice for the KL10 processor and includes
a TU56 DECtape for loading and diag-
nosing the PDP-11 and back-up for the
RP04 which normally loads the KL10's
micro-code memory. An LA36 DEC-
writer-11 provides operator/monitor
communication

As a diagnostic computer, the PDP-11
can examine the data paths and the
control logic of the KL10 via a separate
diagnostic bus, even if the KL10 is com-
pletely inoperative. Other features of
the diagnostic computer allow all data
busses to be checked. Remote diagnos-
tic checking over telephone connection
can also be performed via the PDP-lI
computer

The console/diagnostic computer Is
a state-of-the-art concept to provide
the DECsystem-1090 and DECsystem-
1099 with greatly improved mean-time-
between-failure and reduced mean-
time-to-repair. The KLINIK diagnostic
system permits remote diagnosis of
system failures via the console/diag-
nostic computer




System Integrity Features

Power Fail

If system power fails, a power failure
detection circuit senses the condition
and causes an interrupt. The interrupt
can trigger the operation of a program
which saves all valuable registers so
that the system can be restarted in a
minimum amount of time.

On the KHO and KL10 (through the
PDP-11 console computer) an automa-
tic restart capability has been added
to resume normal operations in the
event of a power outage. All three
phases of AC power are monitored.
Low voltage on any phase will initiate a
sequence of power-down operations.
A program-selectable automatic re-
start capability is provided to allow
resumption of operations when power
returns. Alternatively, a manual restart
may be used.

Temperature sensors strategically
placed within the equipment detect
high temperature and low air flow con-
ditions and cause power shutdown,

This, in turn, initiates the power failure
interrupt.

Error Handling

The TOPS-10 Monitor records errors
that occur in the slave CPU (on a dual
CPU system) or peripheral subsystems
and notifies the operator. If the error
can be corrected then users affected
simply continue running. Alternatively,
the operator may request that the faulty
device be detached in which case the
user job will be notified and continued or
restarted as required. If the error detec-
ted is in memory then TOPS-10 will
attempt to move its own data, if any,
out of the failing memory. In the case
of disks, the system will attempt to
migrate any Swapping space toanother
unitto prevent loss of jobs. TOPS-10 also
provides diagnostics to facilitate on-line
maintenance of aparticular device con-
current with user mode operation.
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Multiprocessor Systems

Dual CPU System

Multiprocessor systems, built around
all of DIGITAL's current CPU's, offer
attractive, economical solutions needed
for capacity and availability

In these configurations, two proces-
sors divide responsibilities as master
andslave. The master runs the TOPS-10
operating system and handles all
scheduling and I/0. One processor can
take over the other's role through the
use of strategically-placed bus switch-
ing hardware, which allows peripheral
devices to be under the control of either
processor. If the master malfunctions,
the system slops and an operator can
have it back into action in under five
minutes by reconfiguring all /O to the
slave, which then becomes the master.
Users just temporarily have somewhat
less computing power to work with, but
can still get their jobs done. Minutes
after a CPU malfunction that could
keep a single system down for hours,
the dual processor configuration can
be back in action. Redundant disks and
communications subsystems can
provide increased capacity while all
components are fully operational and
back-up in case of an isolated controller
or subsystem malfunction

An extremely important and valuable
side benefit of the redundant, switched
configuration is system maintainability.
Malfunctioning subsystems, (such as
disk controllers, etc.) which require a
CPU to fully diagnose, repair, and certify
as operational, may be included in a
*maintenance configuration” while the
remaining components of the system
continue with the production tasks.
Users need not suffer from any lack of
capability until scheduled maintenance
activity or “non-prime time" allows the
testing of the complete system. When
the subsystem or component is released,
fully tested, from Field Service, a
scheduled reconfiguration (providing
minimum impact on users) can be ac-
complished, providing full capability

again.
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Dual CPU/peripheral configurations
can be initially installed or, through the
addition of appropriate redundant
system components and bus switching
hardware, can provide attractive up-
grade/migration paths for existing
systems.
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Peripherals
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There are four disk systems available
on the DECsystem-10. The RHS04 sys-
tem is designed to provide the DECsys-
tem-10 with a fast-access, high transfer
rate swapping system which greatly en-
hances system performance and load
handling capability. The DECsystem-
10's three disk pack systems offer rapid
access, on-line storage, and large ca-
pacities at low cost. Modularly expand-
able, a DECsystem-10 allows up to four
controllers each with eight drives giving
a total capacity in excess of 6.3 billion
ASClIcharacters. In addition to storage,
adisk system may be used as eitherthe
primary or secondary swapping system.

The RTPOG is DIGITAL's newest disk
system. It operates through a controller
which transfers data directly to and
from memory via the KL10 internal
channels. Since the controller provides
overlapped positioner operation, the
TOPS-10 operating system will simul-
taneously position two or more disk
drives, shortening the effective access
time and increasing throughput.

Each RP04 or RPO6 drive configura-
tion can have an optional dual Mass
Bus™ channel connection which allows
access and data transfer via two paths
for each individual drive.

The RHO4 and RPO6 offer a high level
of data reliability. A phase locked loop
clock system and MFM (modified fre-
quency modulation) recording provide
the latestinreliable reading and record-
ing techniques. In addition, error detec-
tion and correction hardware provides
information as to the position and pat-
ternof any error burst up to 11 bits within
the data field. Correction of any data
field errors is then accomplished under
TOPS-10 software control,
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Disks

Disk Drive Capacity (m words)
Transfer Rate (us/word)
Access Time: (msec)
Track-to-track
Average
Maximum
Organization:
words/sector
sectors/track
tracks/cylinder
cylinders/pack
Number of Heads
Number of Recording Surfaces
Number of Disks
Number of Drives/Controller
Number of Drives/System
Maximum Storage/System
(b ASCII Chrs)

_RPO3

10.24
15

7.5
55

128
10
20

400
20
20
11

32

1.96

"RPO4_
20.48
56

28
50

128
20
19

411
19
19
12

32

3.19

RP0O6 RS04
40.96 .256
5.6 4.0

10 0
28 8.5
55 8.5
128 128
20 64
19 64
815
19 64
19 1
12 1
8 8
32 16
6.30 .004




DAS33 Buffered Data Channel

The DAS33 is intended to replace
DF10 data channels in large DECsys-
tem-10 configurations containing many
high-speed peripherals where memory
transfer throughout is a critical consid-
eration in a peak memory contention
environment.

* Hardware and software compatible
with the standard Data Channels.

® 256-word data channel buffer re-
duces memory contention for high-
speed, direct-to-memory periph-
erals, increasing memory transfer
throughput.

® Control word and data word “look-
ahead"” logic

® 22-bit memory addressing (four
million words of 36-bit memory)

The DAS33 has been developed by
the Advanced Systems Group to re-
duce peak memory contention and to
increase memory transfer throughput
for the new generation of high-speed
peripherals such as swapping disk
pack systems. It is fully hardware and
software compatible with the existing
data channels. By incorporating a 256-
word buffer (equivalent to two disk
sectors), block transfers are averaged
over available memory bandwidth. This
results in a minimization of memory
contention during peak memory trans-
fer and an increase in usable memory
transfer throughput for high-speed
peripherals. Throughput is further en-
hanced by the “look-ahead" feature for
control and data words.
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The DAS33 is recommended for
large DECsystem-10 configurations
having swapping and disk pack sub-
systems. By minimizing memory con-
tention (with the two-disk sector buffer)
and by providing control and data work
“look-ahead", the DAS33 will increase
the system memory throughput to{
from these high-speed devices. Its 22
bit-wide memory addressing but e
ables I/0 controllers to address up 10
four million (36-bit) words of memon.

The DAS33 includes its own 18-nC
cabinet and memory bus cables. One
DAS33 is needed for each controller

R R R R ———_—_ N




DECtape Transport

Digital Equipment Corporation's
popular computer data storage medium,
DECtape, isavailable in a dual-transport
version. This fixed-address, bi-direc-
tional magnetic tape storage system
provides random access for high-
speed reading or writing of files on 260
foot reels of %i-inch-wide magnetic
tape contained on a reel less than four
inches in diameter. Redundant record-
ing (each bit of data is recorded on two
separate tracks) assures high reliability
and eliminates the need for character
parity checking. In addition, block check
summing insures data integrity

DECtape does notrequire the rewind
andcountrecord operations or the writ-
ing of separate header records typical
of ordinary magnetic tapes. The high
reliability and convenient size make
DECtape the ideal medium for program
storing and transportation
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Magnetic Tape Systems

DIGITAL provides a complete range
of magnetic tape systems from the low-
cost THU16 to the mid-range TU70/
TU71, to the high-performance TU72.

The THU16 subsystem provides 200,
556, 800 bpi (NRZI) and 1600 (Phase En-
coded—PE) capability at low cost. With
atape speedof 45ips, these transports
exhibit a 72K character per second
maximum transfer speed. For systems
with moderate duty requirements, the
THU16 is an excellent price/perfor-
mance choice.

The TU70 series of high-speed mag-
netic tape drives represents the latest
state-of-the-artdesignintape transport
technology.

The TU70 provides 800 bpi (NRZI)
and 1600 bpi (PE) capability at 200 ips,
resulting in a maximum transfer rate of
320K characters per second. The TU71
provides 7-track capability at 220/5586/
800 bpi (NRZI) at 200ips foramaximum
transfer rate of 160K characters per
second.

For very high performance systems
DIGITAL offers the TU72, providing
faster processing, fewer tapes, faster
dumps, and improved error handling
for DEC-10 sites. This 6250 bpi drive
provides 3 to 1 recording density com-
pression of an equivalent 1600 bpidrive.
Using the Group Coded Recording
(GCR) technique the higher density
provides more capacity per tape,
higher data rates and better error
correction.

Magnetic Tape Systems

The TU70-series drives incorporate
such features as automatic threading
and loading of 5-, 8- and 10'%-inch
reels as well as industry-standard car-
tridges. Dynamic amplitude control
during read operations improves per-
formance during 1600 bpioperations by
reducing read/write errors, avoids the
need for preamplifier adjustments,
and allows optimum performance with
differenttape brands on the same drive.
All TU70 tape drives are equipped with
an automatic reel hub to speed and
ease tape loadingandalleviate reel slip-
page. An analog capstan control pro-
vides constant motor drive control dur-
ing read/write and rewind for smoother
operation and greater drive-to-drive
compatibility, while a velocity feedback
reel control provides for protection and
velocity sensing of the tape loop in the
vacuum columns to minimize reel over-
speed; this prevents tape matching, re-
sultsin longer tape file, and greater ma-
chine reliability. A linear high-speed re-
wind mechanism reduces rewind time
and lessens stress on the reel drive sys-
tem resulting in smoother operation. A

tape storage pocketis provided for con-
venience.
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The controller handles up to B 1apé
drives and provides directaccessto the
DECsystem-10 memory via an inte-
grated data channel. The controlier in-
cludes such features as improved
phase-encoded and group coded re-
cording error correction technigues for
fewer permanent and temporary read
errors. A read-only memory control for
incorporation in microprogram 0iag*
nostics, monolithic MSI design. for
greater reliability, loadable in-ine mt
croprogram diagnostics, program
mable maintenance memory, adjust
ment-free read detection, and a f_ad'a’
interface which allows each mdw_@ual
drive to be maintained or physically
removed without effecting the operé’
tion of other units.




TU70/TU72

Magnetic Tape

Tape Speed
Transfer Rate at
200 bpi
556 bpi
800 bpi
1600 bpi
6250 bpi
Recording Technique
Nominal Inter-record
Gap
9-track
T-track
Rewind Time (2400 ft)

TU1OW
45 ips

9 K char/sec
25 K char/sec
36 K char/sec

NRZI

0.6 inches
0.75 inches
195 seconds

TU16
45 ips

9 K char/sec
25 K char/sec
36 K char/sec
72 K char/sec

PE/NRZI

0.5 inches

3 minutes

TU70
200 ips

160 K char/sec
320 K char/sec

PE/NRZI

0.6 inches

45 seconds

TU71
200 ips

40 K char/sec
111.2 K char/sec
160 K char/sec

NRZI

0.75inches
45 seconds

TU72

125ips

200 K char/sec
780 K char/sec
PE/GCR

0.3 inches

55 seconds
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Card Readers

Designed to meet varying through-
put requirements and provide quiet,
reliable trouble-free operation, the
CR10 card readers accept 80-column
EIA-ANSI standard cards. For fast
throughput, the user can choose the
console model CR10-E which pro-
cesses 1200 cards per minute or the
table model CR10-D which processes
1000 cards per minute. The CR10-F card
reader is a lower-cost table model
which operates at 300 cards per minute,
but utilizes the same excellent features
as the high-throughput model,

Line Printers

The LP10-F and LP10-H are drum-
typeline printers designed with empha-
sis on output quality and operating reli-
ability. The two-speed capability of the
64-character LP10-F and the 96-char-
acter LP10-H increases the printing
quality for both low-speed operation
and multi-part forms handling.

The LP10-F operates at 1250 or 925
lines per minute and the LP10-H at 925
or 675 lines per minute. Both line printers
feature optical vertical format unit using
12-channel tape, and a quick-change
drum which allows the character setto
be changed in just 5 minutes. Both
printers are available with either an EDP
or Scientific character set for the quick-
change drum.
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For user sites requiring high-grade
print quality, flexibility of printing far_\ts.
heavy print volumes and high reliability
from a horizontal font-motion fine priner,
DIGITAL offers the LP100. TheLPTOO.?:r]
impact printer using a Charaband
available with a 64-character EDPchar
acter set font on one side of the band
and a 96 character seton the other. The
Charaband* can be reversed by the
operator in about one minuté Thf
LP100 stores a stream of up to 132char
acters in a print line buffer and upon
command prints the contents of the
buffer and advances the forms &
specified.

tion
* *Trademark of Dataproducts Corpora!




Line Printers

PRINTERS

LP10-F
LP10-H
LP100

PRINTSET  MAXIMUM |

» CHARACTERS SPEED
LINES/MINUTE

1200/900

MAXIMUM

COLUMN
WIDTH

132
132
132

4 PARTS

OF PAPER
FORMS

6
6
6




Each DECsystem-10 is capable of sup-
porting up to 512 interactive terminals.
A wide variety of EIAand 20 mA Current
Loop compatible terminals is supported
by the DECsystem-10.

The LA36 DECwriter Il is designed to
be industry’s lowest-priced, best per-
forming, most reliable 30-cps impact
teleprinter. DECwriter Il is packed with
capability: it's fast—a true 30-cps ma-
chine;it's quiet—you'llalmost forgetit's
there; it has many people-oriented de-
sign considerations you wouldn't expect
in a cost-conscious product: it's versa-
tile—you can use 6-part forms and even
standard 132-column line printer paper;
and it's built for a long, reliable lifetime
of heavy use.

ALY PAPEN  DOVICE SELECT
IV sgv Ut SELECY AvAn

The LA35 Receive Only terminalis an
LA36 without the input key board.

The LA37 APL terminal is really three
terminals in one. It provides the user
with the choice of either full APL, full
upper/lower case ASCI|, or upper case
TTY in one reliable, easy-to-use hard-
copy terminal.

The LA180 DECprinter lisaninexpen-
sive 7x7 dot matrix 132 column printer
that prints at 180 characters per second
It features the 128 character ASCllupper-
lower case print set, an extensive array
of human engineering features, and
may be used either locally or as are-
mote printer hard copy unit

The DECprinter | extends the field-
proven technology of the LA36 DEC-
writer Il into applications demanding
higher speed capabilities




CHARACTERISTICS

Print speed
(chars./sec.)

Print positions
per line

Character set
Character
formation
Interfaces

@ of copies

Purpose of Unit

Comments

Hardcopy Terminals

LA35 RECEIVE
ONLY

10/15/30
132

96 ASCIl upper/
lower case

7x7 dot matrix

20mA standard;
ElA optional

Original +6

A hardcopy output
device (e.g. CRT
display attachment)
Basically an LA36
without keyboard

LA36

1015/30
132
96 ASCII upper/

lower case
7x7 dot matrix

20mA standard,

EIA optional
Original +6
Interactive

hard copy
terminal

LASTAPL LA180 RECEIVE
e ONLY
10/15/30 up to 180
132 132
(with 133 bit buffer)
Full APL: Full ASClIl 128 ASCIl upper/
upper case TTY lower case

7x7 dot matrix

20mA standard;
EIA optional

Original +6
APL Terminal

7x7 dot matrix
Parallel

Original +5

A medium-speed
hard copy unit

Prices include
controller/interface
to attach to PDP-8
or PDP-11




DECscopes—DIGITAL's VT50 series
of character oriented video terminals—
eliminate the need for electromechani-
caldevices. They areall simple foroper-
ators to master, quieter than mechani-
cal terminals, and inexpensive. The
three models—VT50, VT50H, and VT52
—differ only in advanced application
features.

The VT61 is the first DECscope that
can transmit in either block or char-
acter mode. It offers over 80 com-
mands, including character and line
insertion and deletion, text justification,
reverse video and protected forms, and
a number of other editing features not
found on the VT50 and VT52 DEC-
scopes.

The VT61 is an upper and lower case
ASCIl video terminal with a 1920 char-
acter display and 19-key function pad.
However, the VT61 uses a faster micro-
processor with larger memory than do
the other DECscope models, so it can
offer more stand-alone capabilities.

30




CRT Display Terminals

{_:HAR&CTERISTICS
Screen format (lines
and chars./line)
Character matrix
Character set

Keyboard

Communications
interface
Data rates (bps)
Editing capabilities
~Erase to end of line
=Erase to end of
screen
~Downward scroll
~Upward scroll
~Insert/delete
character
~insert/delete line

Cursor control

Optional features

VTS50

12x80
(960 chars.)

5x7
64 ASCIl upper case

Standard typewriter

20 mA std., EIA
optional

75-9600

yes
yes

no
yes
no

no

Cursor movement
via ESCAPE
sequences

No optional
attachments

VIS50H
12x80

(960 chars.)
5x7

64 ASCIl upper case

Standard typewriter
plus 19-key pad

(10 numeric, enter,
period & 3
unlabeled function
keys)

20 mA std., EIA
optional

75-9600

yes
yes

no
yes
no

no

Direct cursor
addressing

No optional
attachments

vis2 VT6t
80x24 24x80
(1920 chars.) (1920 chars.)
77 7x8
96 ASCIl upper/ 128 char. upper/lower
lower case
Standard typewriter DEC standard +19-
plus 19-key pad key pad + 12 user
(10 numeric, enter, defined keys
4 censor, period &
3 unlabeled function
keys)
20 mA or EIA 20 mA std., EIA
standard optional
75-9600 75-9600
yes yes
yes yes
yes yes
yes yes
no yes
no yes
Direct cursor Direct cursor
addressing plus addressing
cursor keys
Electrostatic LA35
copier, LA35RO LA180
202T modem
interface
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DATA COMMUNICATIONS
SYSTEMS

The DECsystem-10 Data Communi-
cations System unifies software and
hardware into a capability designed
and implemented for flexibility and
ease of use. The system provides a
wide spectrum of capability to distri-
bute computing power to a continually-
growing user community. In concept,
the DECsystem-10 Communications
System provides a transparent link be-
t\_neen remote users and the central
site. Because of this transparency,
users, at any location, may work with
the same facility as those physically
located atthe central site, with the same
et of commands and machine re-
sources used at the central site

DECsystem-10 Data Communications
also links networks of computers to-
gether from both local and remote
sites. Data collection stations, remote
control stations, remote concentrators,
and remote job entry stations are easily
tied into a single data network.

An important features of these capa-
bilities, which translates into a direct
benefit to users in ease-of-use, is that
communications is handled as an inte-
gral subsystem of the DECsystem-10
computer system. Communications
protocol is handled by the communica-
tions front end system, fully in league
with the TOPS-10 Operating System.
Users need not concern themselves
with a “tacked on" communications
handler; TOPS-10 interfaces directly
with the user environment in a trans-
parent fashion. The powerful and flexible
communications capability of the DEC-
system-10 is just one of the features of
TOPS-10. Users may design and imple-
ment their systems by concentrating
on the application; the DECsystem-10
Communications products take care of
the communications problems.
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Synchronous vs. Asynchronous
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Complex Topologies
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DASBO Series Remote Station
DAS92 Remote Station
DAS 61 IBM 2780/3780 Support
DAS 62 1BM HASP Multi-leaving
Support




Asynchronous
Communications

Asynchronous communications equip-
ment, with associated terminals, serve
a broad spectrum of user needs within
the DECsystem-10 interactive environ-
ment. These needs include interactive
program development, operator con-
trol of the system, program production
and control, data entry, program and
data preparation, interactive problem
solving, student instruction, and infor-
mation storage and retrieval, to name a
few. Asynchronous communications
is used to link the DECsystem-10 with
terminal equipment ofthree types:hard
copy, such as the LA37 or LA36 DEC-
writers, CRT terminals such as the VT52
DECscope, and buffered terminals,
such as the new VT61.

Local terminals within 1500 feet of
the computer site can be connected
over dedicated hard-wired lines. Re-
mote terminals located beyond this
distance are connected over dedicated
or dial-up telephone lines.

Speeds of asynchronous hard-copy
terminal equipment generally range
from 10 to 30 characters per second.
CRT terminals range in speed from 10
1o 960 characters per second, depend-
ing upon their communications inter-

face and type of line used for
transmission,

The goal of an interactive terminal
system is to match all users to the sys-
tem in such a way that they feel the
terminal is identified closely with the
computer. In this way, the machine be-
comes an easy and natural extension
of each application. To do this, the com-
puter must be a willing partner in the
interchange so that the user feels that
he is in control of the terminal, and not
thereverse. Typically, auser typesinput
sporadically, occasionally makes mis-
takes, and reads fast on output. The
Data Communications system for the
DECsystem-10 has been engineered to
deal with these user characteristics.

The system, which includes hardware
and software elements, accepts charac-
ters at uneven rates, allows for single
character or line correction of mistakes,
and allows the user to type at his own
speed—even typing ahead of the com-
puter's response to his characters.
When users are entering large volumes
of dataand need no prompting, the sys-
tem accumulates data and anticipates
ongoing entries so that the user can
continue to type despite fluctuations in
the system’s response.

Features of DECsystem-10 asynchro-
nous communications include the ability
to delete one or more characters, delete
entire lines, retype lines and characters,
interacton a characteror complete line
basis (depending upon the application),
suppress unwanted output, and make
use of prompting messages to call for
input. Terminals may communicate with
the system administrator or operator at
the central or remote sites as well as
with other terminals.
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c - -
ommunications

DECsystem-10 synchronous com-
munications provides error-free, high-
speed paths between the central com-
puter and remote stations or other
computer systems. DECsystem-10 syn-
chronous equipment controls frans-
mission over high-speed synchronous
lines. This transmission is onamessage
basis in contrast with the character-y-
character basis of lower-speed, asyn-
chronous transmission.

Full duplex protocol software Sup-
plied with the DECsystem-10 makes
efficient use of high-speed transmission
in both directions simultaneously on &
full-duplex line. Frontend hardwareand
software handles hardware control
message formatting, and message ac-
knowledgements. The data transmission
is “pipelined”, a technique which in*
creases line efficiency by fully overiap”
ping the acknowledge-continue signais

Transmission errors are Idetectet?
using block-oriented techniques in
cluding longitudinal data checks. Data
errors are corrected through re!ranS:
mission of the erroneous block. Hardd
ware is available to interface toabroa
range of communications modems.

B




Synchronous vs.
Asynchronous
Transmission

Asynchronous transmission is em-
ployed to transmit data on a character-
by-character basis; synchronous trans-
mission is preferred for moving large
blocks of data. Asynchronous transmis-
sion, at 2400 baud, is limited to convey-
ingnomore than 240 eight-bit characters
per second; synchronous transmission,
al 2400 bits/second, can convey 300
eight-bit characters per second. This
difference comes about because syn-
chronous transmission uses independ-
:;:1 blzc‘kvriented clock synchroniza-
re-e.s:;t:lg asynchronous transmission
e ishes Iats character-oriented

CX synchronization with each char-
acter. Thus, in the asynchronous case,
each eight-bit character requires, mini-
mally, one start bit and one stop bit.

.

The most important distinction be-
tween asynchronous and synchronous
methods of transmitting data is the
means of error detection and recovery.
Error detection for asynchronous de-
vices is normally accomplished by in-
sertion of a parity bit into the data field
of each character transmitted. Half-
duplex (local character echo) receivers
will typically check this parity bit and
notify the sender of the existence ofan
error. In full-duplex systems, such as
the DECsystem-10, the character echo
is generally provided by the communi-
cations computer (ON87, DAS80, etc.)
to which the user is immediately
attached. In this case, transmission error
detection and corrective action are
thus the responsibility of the sender,
who simply compares what was sent
with what the computer says it received.
The communications computer which
echoes the character to the user then
guarantees that it will deliver that char-
acter, without error, through the net-
work, to the appropriate DECsystem-10

host.

This mode of error detectionis highly
efficient and fully acceptable for inter-
active, terminal-oriented systems, but
is less efficient and less than acceptable
formessage-oriented communications
with other computers. Synchronous
communication normally uses a block-
oriented error detection technique,
such as the Cyclic Redundancy Check
(CRC-16) polynomial. This technique is
most efficient for block-oriented data
transmission and for this reason, com-
munications with remote computers is
accomplished using synchronous data
transmission.




Remote
Communications

Prior to the current line of DECsystem-
10 remote communications products,
each remote user had been individually
linked to the computer center by sepa-
rate long-distance telephone lines.

The only device that the remote user
had available at his location was the
terminal; he was able to utilize available
devices at the central station, but he
could not obtain output other than his
terminal output at the remote site. Either
the user had to travel to the central sta-
tion to obtain a listing, or he had to have
the listings delivered to him. However,
with remote communications hardware
and software, listing files and data can
be sent via a single synchronous full-
duplex line to asmall remote computer.
That remote computer in turn services
many remote peripherals, including ter-
minals, card readers and line printers.
This eliminates the need for the user to
travel to the central site to obtain his
output. The remote computer and its
associated peripherals constitute a re-
mote station.

Remote station use of the central
computer is essentially the same as
local use. All sharable programs and
peripherals available to local users at
the central computer station are also
available to remote users. The remote
user specifies the resources he wants
to use and, ifavailable, these resources
are then allocated in the same manner
as to a local user. In addition to utilizing
the peripherals at the central station,
the remote user can access devices
located at his station or at another re-
mote station. Local users at the central
station canalso make use of the periph-
erals at remote stations. Therefore, by
specifying a station number in appro-
priate commands to the operating sys-
tem, each user of the DECsystem-10 is
given considerable flexibility in allocating
system facilities and in directing input
and output to the station or DECsys-
tem-10 of his choice

The DECsystem-10 allows for simul-
taneous operation of multiple remote
stations. Software provisions are incor-
porated in the operating system to dif-
ferentiate one remote station from
another. By utilizing peripheral devices
at vanious stations, the user is provided
with increased capabilities. For examplg,
data can be collected from various re-
mote stations, compiled and processed
at the central station, and then the results
of the processing can be sent to al
contributors of the data




Simple Topologies

3 The most b_asic network topology is
l_’&l.;tc:u_rn-n':a-pt:u|nL or star topology. It is
Hlustrated by the following diagram.
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Complex Topologies

This is the name given to a group of
general network building capabilities
which, when put together, allow the
user to make many different cost, per-
formance and high availability trade-
offs so that his network may be config-
uredin awaywhichisverymuch optimized
for him and therefore very favorable to
his environment. These building block
capabilities are:

Route-thru

This is the ability fora Remote Station
tosendinformationtoa DECsystem-10,
via the Universal Front End, to which itis
only indirectly attached-i.e., indirectly
through another Remote Station or Uni-
versal Front End. This is most easily
illustrated in the following picture:

DECsystem-10
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Information flows from Ato Conly by
being routed through B. This is a very
useful price performance trade-off since
the costofa communications line from
Ato B and from B to C may be substan-
tially cheaper than the costoflinesfrom
Ato C and from B to C.
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Muiti-pathing

This is the ability to have more than
one path between nodes in the net-
work. In general, these links are auto-
matically load leveled depending upon
the relative speed and error rate of the
lines. This is best illustrated by the fol-
lowing diagram:

DECsystemn-10
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The two links between A and B will
be automatically load leveled with data
flowing through each link. This may be
a desirable configuration for high avail-
ability systems with, for example, one
link via microwave and one by ground
link. This would allow degraded opera-
tion if either link went out for any reason.
There are also two routes from D to A.
The direct link could be a high speed
link, while the link routed through C
could be lower speed and used as hot
backup to the direct link. Again, both of
these configurations have desirable
benefits that the user, in building his
network, can pick and choose from
depending upon his specific needs and
desires. The ability exists to pick and
choose rather than having a very rigid
set of network configuration rules.




Multiple Host Support

Ifthere is more than one DECsystem-
10 in a network, the Universal Front
Ends on the DECsystem-10s may be
hooked up to each other via a synchro-
nous link, or the Remote Stations may
be hooked up to each Universal Front
End. This allows Teletype users any-
where in the network to select on an
individual basis, before they LOGIN,
which DECsystem-10 they wish to
LOGIN to. This is accomplished by
means of the SET HOST command.
Dynamic Topology

This feature allows individual nodes
in a network to go down or come up
without affecting the remainder of the
network. The exact implications of an
individual node going down depend on
the type of node and its network func-
tions, but any new node may be added
to the network dynamically.

Task-to-Task
Communication

DECnet-10 provides the capability to
have tasks or jobs in different and geo-
graphically removed processors com-
municate with each other in a straight-
forward manner. These jobs appear to
each other as mere I/O devices much
like a magtape. Jobs in different DEC-
system-10s may communicate with
each other, or DECsystem-10 jobs may
communicate with other DECnet sys-
tems, such as RT-11, RSTS, RSX-11M, D,
& S, IAS, and RTS-8 when they are
equipped with DECnet software.

This interprocessor communication
allows only for jobsto talk to each other,
not for terminal concentration. It does
notdirectly allow forremotefileaccess,
remote device access or program shar-
ing. It does, though, present a mecha-
nism or a building block which could be
used to provide those features.
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IBM
Device Emulation
and Termination

Through the use of IBM device emu-
lation the DECsystem-10 can be a_t-
tached to an IBM 360/370computervia
a synchronous link. The DECsyslem_'w
will be treated by the IBM systemas it
were an IBM 2780 or 3780 or HAS_I_’
multi-leaving remote station. This facili
tates job submissions and file t{ansfers_
back and forth between the two com

uter systems. .

i Throzgh IBM device termination !Bl::
2780's, and HASP multi-leavingd Wﬂb
stations can be used as Remote _J£;U
Entry stations to enter batch jobs mbe
the DECsystem-10; batch jobs rn;);w
placed in the card reader of the 2/ ";
3780 or HASP work station, l‘t!adh":"”3
the DECsystem-10, executed amcl3
their output returned to the 2730.

or HASP work station line printer.
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Communications Products

DN87/DN87S

Universal

Synchronous/
Asynchronous

Front End Subsystem

The DECsystem-10 data communi-
cations products are based on the
DN87 Universal Synchronous/Asyn-
chronous Communications Front End
Subsystem. The DNB7 is configurable
in asynchronous only mode (up to 112
asynchronous lines), synchronous
only mode (up to 12 synchronous lines)
or with a mixture of synchronous and
asynchronous lines in the same DNB7
These three modes allow the DNB7 to
be configured very cost effectively ina
wide variety of customer specific con-
figurations. This great flexibility is the
essence of the DNB7 Communications
Subsystem

The DNB7 is capable of synchronous
communication with the DASBO series
Remote Stations, the DAS92 Remote
Slatton and the DC72NP Remote Sta-
tion. These allow Remote Job Entry, Re-
mote Concentration of interactive Tele-
type lines or a combination of the two.
The DNB7 with these Remote Stations
Supports complex topologies such as
multi-pathing, route-thru, and multiple
host support. With DECnet-10, it is pos-
sible to have a DECsystem-10 commu-
:faa: lezh any DECnet system—for
I-As R1:Tie RSX-11M, RSX-11D, RSX-11S,
ki ;E?;SS-LS;E RTS-8, DECsystem-
With DECnet sotIE':rjO s
ah:-h: UEB?S has the same function-
N ‘{hesao NB87 except thatitis attached
e ECsystem-10 via the DTE10
S S; ratr?er than the DL10. Up to
e 87S's may be attached to the
i nterf_ace. The DN87 and the

require TOPS-10 version 6.03
or later monitor release

E—

Asynchronous Functionality
On an eight-line group basis, the

DNB7/87S is capable of terminating

20 mA currentloop, local EIA or EIA with

full modem control type of asynchro-

nous line/terminal interfaces. On an
individual line basis the DN87/87S
asynchronous lines can be:

* ASCII Teletype-compatible code or
2741 EBCD or Correspondence
Code.

e Full duplex with echoplex (i.e. echo
generated by computer) or full-
duplex with local copy (simulated
half-duplex).

* Program selectable line speeds of
from 50 through 9600 baud.

« Split transmit/receive speeds.

e Automatically baud rate detected
for 110, 134.5,150 and 300 baud lines.
Some off-loading of the DECsystem-

10 host is accomplished, in that the

DN87/87S does the majority of the

echoing for asynchronous lines. Itdoes

not echo special characters, nor does it
echo when the user is in character-at-
a-time mode (e.g., DDT—when an indi-
vidual character can be a command).

The DNB7/87S also does fill character

generation.

Synchronous Functionality

The DN87/87S is capable of termina-
ting EIA and/or current-loop type syn-
chronous links. The line speeds may be
2400, 4800, 7200, 9600, 19.2K, 384K or
40.8K baud on an individual line basis.
These links operate only in full-duplex
with simultaneous bidirectional trans-
mission. The synchronous links use
DDCMP protocol for error checking
and correction and for point-to-point
link control.

These synchronous links communi-
cate only with the DC72NPRemote Sta-
tion (DC72NP is a software only up-
grade of the DC710r DC72), the DAS80
Series Remote Stations, the DAS92
Remote Station or another DNB87/87S.
On anindividual synchronousline basis
the DN87/87S can also communicate
on a task to task basis with systemsrun-
ning DECnet software.




Options List

The DNB87 is the Universal Synchro-
nous/Asynchronous Front End Com-
munications Subsystem. Software to
provide complex topology support is
included with the DN87. The DNB87 re-
quires the addition of DN81-xx synchro-
nousand/orasynchronousline options.
DN87-DA, DB-DN87 including DL10-C
port only. Requires DL10-A with avail-
able port. Note that this is what would
be ordered with a 1080 or 1060 System
Package, which includes a DL10.

DN87-AA, AB-DN87 including DL10-A
Communications Interface and one
DL10-C port,

DNB?S-AA, AB-DNB87 with DTE10
interface.

ASYNCHRONOUS LINE OPTIONS

DN81-EA, EB-Asynchronous Expan-
sion Cabinet including one DN81-EC
16-Line Asynchronous Expansion
Group. Requires two DNB81-Fx 8-Line
Terminator Groups to activate the lines

DNB81-EC, ED-Asynchronous 16-Line
Expansion Group. This requires two
DN81-Fx 8-Line Terminators to activate
the lines.

DN81-FA-8-Line Terminators each
with 20 mA Current Loop Local Inter-
faces.

DN81-FB-8-Line Terminators each
with EIA Local Interfaces

DN81-FC-8-Line Terminators each
with EIA Full Modem Control Interfaces
DN81-FD-8-Line Terminators with In-

tegral Auto Answer Modems. (These

modems require customer supplied
DAA's).
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SYNCHRONOUS LINE OPTIONS
DNB81-EE, EF - Synchronous Expansion
Cabinet. Includes one DN81-H
DNB81-H-Synchronous Liné Contmlfer:
Expansion Line. For data transm:!::;.
speedsofupto 10K baudandfora =
ment to EIA RS232C compatibié
dems

DNB81-J-Synchronous Line Con!w"fi;
For data transmission speeds of U;GS-
40.8K baud and for attachment fo
type current mode modems. :
NOTE: Option designa!iqns are sﬁe
that if there are two demgnalloﬂsd e
first is 115V/60Hz and the SBCO“NOH
230V/50Hz. If thereis only 2 On_? nger
designation that option s NOT P
dependent.

_4‘



Hardware Configuration Guidelines

A pictorial representation of the DN87
cabinet arrangements should help to
simplify the explanation of the configu-
ration rules

Asynchronous Configuration Rules
* The DN87 cabinet(DN87-A or DN87-

D) has no available mounting space
for asynchronous lines.

If any asynchronous lines are re-
quired a DN81-EA Asynchronous Ex-
pansion Cabinet must be ordered.
This cabinet includes one DN81-EC
Asynchronous 16-Line Expansion
Group and has available mounting
space for up to three additional
DNB81-EC units. Therefore, the DN81-
EA is capable of containing up to 64
asynchronous lines.

A maximum of two DN81-EA Asyn-
chronous Expansion Cabinets are
permitted per DN87.

Each DN81-EC Asynchronous 16-
Line unit requires two DN81-Fx (FA,
FB, FC or FD) 8-Line Terminators to
activate the lines.

Synchronous Configurations Rules

* The DNB87 cabinet (DN87-A or
DN87-D) has available mounting
space for up to four DN81-H/J syn-
chronous line units.

® |f more than four Synchronous Line
Units are required a DN81-EE Syn-
chronous Expansion Cabinet must
be ordered. This cabinet includes
one DN81-H Synchronous Line Unit,
and available mounting space for up
to seven additional DN81-H units.

DL10-A DNB87-D or DN87S DN81-EA DN81-EE

INCLUDES INCLUDES ONE

INCLUDES ONE DN81-EC DN81-H SYNC.

PDP-11/40 16-LINE ASYNC. LINE UNIT

16K MEMORY EXPAN. UNIT

(DN87), 32K

MEMORY

(DN87S) AND

INTERFACE AVAILABLE AVAILABLE

PORT MOUNTING MOUNTING
SPACE FOR SPACE FOR

AVAILABLE UPTO 3 UPTO 7

MOUNTING ADDITIONAL ADDITIONAL

SPACE FOR UP DN81-EC DN81-H *

TO 4 DN81-H/J

SYNC LINE

UNITS

% )
DNB7-A

LINE MAXIMUMS PER DN87/DNB7S

Max. No of Max. No. of |
Sync. Lines Async. Lines
=0 A2
[ 4 64

=8 age —
.-——P—-—-———T'—‘

12

e proper number of asynchronous
lines are made up using the Asyn-
chronous Configuration Rules from
above.

e proper number Of synchronous
lines are made up using the Synchro-
nous Configuration Rules from
above.

a1




Complex Topologies

Complex topologies are available to
all DECsystem-10s using the DAS80
Series Remote Stations and the DN87
Front End (includes DC75NP and
DASB8S) with the 6.03 version of TOPS-
10.This means thatroute-through, mult-
pathing, multiple host support and dy-
namic topologies (SET HOST monitor
command) are all a standard partofthe
6.03monitorand available to those who
have the appropriate communications
hardware and software configurations.

DECnet-10

DECnetis the set of software products
which extend various DIGITAL operat-
ing systems so they may be intercon-
nected with each other to form compu-
ter networks. The DECnhet user can
configure a variety of networks, satisfy-
inga variety of constraints, by choosing
the appropriate CPU's, line interfaces

(and speeds) and operating systems
software.
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Digital Network Architecture, |mpi9:
mented across a wide range of olper
ating systems and hardv\{are arc_h;tec;
tures, enables users to builda variety 0
ne[t)\r;ér:est-m provides interpracess:r
task-to-task communications for E:'
DECsystem-10. Thus users may com .
municate on a program to program bash
with any other DECnet syste‘mlthro:g
the DN87 front end. This will mc!:"
RSX-11S, RSX-11M, RSX-11D, IAS, R d
RSTS, RTS-8, DECSYSTEM-20 an
other DECsystem-10s.

R



DAS 80 Series
Remote Station

ne DASB0 Series Remote Stations
are a family of remote stations with a
wide range of functionality. The DAS80
is a Remote Job Entry Station with a
300 cpm Card Reader. a 300 lpm Line
Printer and an LA36 Console. The DASB1
is a Remote Concentrator capable of
concentrating up to 32 asynchronous
lines. The DASB2is acombination of the
DAS80and DASS!, facilitating both RJE
and Remote Concentration

When linked to a DNB7/DNB87S Uni-
versal Front End the DAS80 Series Re-
mote Stations will support complex
s such as route-thru, multi-
i multiple host support

D -y

Asynchronous Functionality

The asynchronous terminal lines at-
tached to the DAS8B0 Series Remotes
have the same functionality as the
asynchronous lines attached directly
to the DNB87/DN87S.
Synchronous Functionality

The synchronous line is used as a full
duplex dedicated line to any one of a
DC75NP,DAS850or DN87/DNB7S DEC-
system-10 Front Ends. The DAS80 Ser-
ies Remote Stations are all downline
loadable from the DECsystem-10
through the synchronous link.

Unit Record Devices

The Line Printer (LP) and the Card
Reader (CR) on a DAS80 or DAS82 Re-
mote Station are available from the
DECsystem-10 host in a transparent
manner. This means that any user at
any terminal can use this remote LP or
CR very similarly to how he would use a
LP or CR attached directly to the host.

Thisis accomplished by use ofthe DEC-
system-10 Monitor Command LOCATE
which sets the default LP and CR for a
specific user.

The LA36 DECwriter, whichisincluded
with the DAS80 Series Remotes, canbe
used as the Operator Controlling Con-
sole for the spoolers which are running
for the LP and CR at that station. This
means that any operator-type requests
(e.g., LP out of paper) appear at the re-
mote location withthe LPand CR rather
than at the host.

Host Interfaces

The DAS80 Series Remote Stations
can only communicate with the DEC-
system-10 via the DC75NP, the DAS85
or the DN87/DN87S Front Ends. The
DNB87/DNB87S requires the 6.03 or later
version of the TOPS-10 monitor, while
the DC75NP and the DAS85 require the
6.02A or later monitor. The DC75 Front
End will not run under 6.02 or later mon-
itors unless it is equipped with the “NP"
upgrade (additional 4K memory, KG11
CRC unit and software).




OPTIONS LIST
DASB0-AA, AB—Remote Batch Station
Includes 1 DN81-H, LA36 Console,
DAS80-CA/CB, DASB0-LA/LB, PDP-11
and software.
DASB1-AA, AB-Remote Concentrator
Includes PDP-11, 1 DN81-H, DN81-EA
and software. One more DN81-EC can
beaddedforatotalof32asynchronous
lines.
DASB82-AA, AB—Remote Batch Station
and Concentrator. Includes PDP-11,
LA36 Console, DAS80-CA/CB, DAS80-
LA/LB, DN81-H, DN81-EA and software.
DN81-Fx asynchronous irterfaces are
also required and must be ordered
separately.

UNIT RECORD OPTIONS

DAS80-CA, CB—CardReader, 300 cards
per minute.

DAS80-LA, LB-Printer, 300 lines per
minute, 132 printing positions, 64 print-
ing characters, EDP character set.
DASS80-LC, LD~-Printer, 230 lines per
minute, 132 printing positions, 96 print-
ing characters, EDP character set.

ASYNCHRONOUS LINE OPTIONS
DNB81-EA,EB—Asynchronous Expansion
Cabinet including one DN81-EC 16 Line
Asynchronous Expansion Group. Re-
quires two DN81-Fx 8-Line Terminator
Groups to activate the lines.

DN81-EC, ED-Asynchronous 16-Line
Expansion Group. This requires two
DNB81-Fx 8-Line Terminators to activate
the lines.

DN81-FA-8-Line Terminator each with
20mA Current Loop Local Interfaces
DN81-FB—8-Line Terminators each with
EIA Local Interfaces.

DN81-FC—8-Line Terminators each with
EIA Full Modem Control Interfaces.

DN81-FD—8-Line Terminators with Integ-
ral Auto Answer Modems. (These

modems require customer supplied
DAA's).

SYNCHRONOUS LINE OPTIONS
DNB81-H-Synchronous Line Controller
Expansion Line. For data transmission
speeds of up to 10K baud andforana_ch‘
ment to EIA RS232C compatible
modems.

DN81-J-Synchronous Line Controller
For data transmission speeds of up 10
40.8K baud and for attachment to 303
type current mode modems.

Note: These same line options (DN81-xX)
are used on the DAS80 series remote
stations, as described here, on the
DN87 and for DC76 add-ons.




DAS 92
Remote Station

The DAS92 Remote Station is a low
costremote jobentry concentrator that
s attached to the DECsystem-10 via

snesynchronous link toaDNB7/DN87S
end. The DAS92 may be con-

fiaured in one of the following manners

upto 16 asynchronous terminal lines

7 ypto12asynchronous terminal lines
plus a card reader or line printer
3 yp to B asynchronous terminal lines
plus a card reader and line printer
Only one synchronous interface is
permitted on the DAS92, therefore the
DAS92 must be a sequential node. This
means it may not do multi-pathing or
-thru. Data to the DAS92 may be
uted from some other node, but no
a may be routed through the DAS92
8 it is only capable of having one

S
synchronous link

Options
1. DAS92-AA, AB Basic Unit, including
16K, PDP-8/A processor, VT52 console
terminal, desk, ROM for down-line load-
ing, one (1) synchronous line interface
and software. Requires at least one (1),
butamaximum offive (5) optional units
listed below:
(a) DAS92-EA Asynchronous 4-line
multiplexer, including line drivers.
The DAS92-EA Asynchronous 4-line
Multiplexer willaccommodate either
20 ma. or EIA lines in any mixture.
One out of every four can be full
modem control. The baud rate is
switch selectable anywhere from 50
to 4800 baud. Maximum of four (4)
DAS92-EA’s per DAS92-A.
(b) DAS92-CA, CB Card Reader.
The DAS92-CA, CB Card Reader is
a Digital CR8-F for 80-column (only)
cards, and operates at 285 CPM.
Maximum of one (1) Card Reader per
DAS92-A.
(c) DAS92-PA LA180 Printer. The
LA180 operates at 180 characters
per second and uses a 96-character
set (upper and lower case). The
carriage is 132 columns wide. Max-
imum of one (1) LA180 per DAS92-A

(dy DAS92-VA, VD LP0O5 Line
Printer, (64-characters). This is the
LPO5 (LE8-V) and operates at 300
lines per minute using a 64-char-
acter set. The carriage is 132 columns
wide. Maximum of one (1) LPOS5 per
DAS92-A.

(e) DAS92-WA, WD LPO5 Line
Printer, (96 characters). This is the
same as the DAS92-VA except that
it uses the 96-character set (upper
and lower case). Maximum of one (1)
LPO5 per DAS92-A.
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DAS61
IBM 2780/3780
FRONT END

The DAS61 Front End allows IBM
2780 and 3780 emulation and termina-
tion. This means thatIBM 2780’s and/or
3780's can be used as RJE stations into
the DECsystem-10 or that the DECsys-
tem-10 can emulate (or simulate) an
IBM 2780 or 3780 to an IBM 360/370
computer. The DAS61 can handle a
maximum of 12 synchronous lines each
operating independently with any com-
bination of 2780 or 3780 emulation or
termination. The maximum aggregate
throughput of a DAS61 is 100,000 bits
per second (100K baud). The DAS61-D
is interfaced to the DECsystem-10 via
the DL10 and the DAS61-S is interfaced
via the DTE10. Multiple DAS61's are
supported per DECsystem-10.

OPTIONS

DAS61-DA,DB-IBM 2780 and/or 3780
Emulation and Termination Front End.
Including DL10-C port and requiring
DL10-A with available port. Requires
addition of DAS61-H and/or DAS61-J
synchronous line units.

DAS61-SA, SB-IBM 2780 and/or 3780
Emulation and Termination Front End
including DTE10 interface. Requires
addition of DAS61-H and/or DAS61-J
synchronous line units.

DAS61-EA, EB-Synchronous Expan-
sion Cabinet for expansion past 4 syn-
chronous lines. Includes no synchro-
nous lines.

DAS61-H-Synchronous Single Line
Controller for datatransmission speeds
of up to 10K baud and for attachment to
EIA RS232C compatible modems.

DAS61-J—-Synchronous Single Line
Controller for data transmission speeds
of up to 50K baud and for attachment
to 303-type current modems.

DAS61-QC—-DAS61 Software Only.

DAS61-QX-DAS78 to DAS61 Software
Only Upgrade (prerequisite GALAXY).

DAS62

IBM HASP
MULTI-LEAVING
FRONT END

The DAS62 Front End combines all
of the functionality of the DAS61 with
support of IBM HASP multi-leaving
work stations as DECsystem-10 RJE
stations and also allows for the DEC-
system-10 to simulate a HASP multi-
leaving work station to an IBM host
computer. The DAS62 can handle a
maximum of 12synchronous lines each
operating independently with any com-
bination of 2780 or 3780 or HASP multi-
leaving emulation or termination. The
maximum aggregate throughput of the
DAS62 is 100,000 bits per second (100K
baud). The DAS62-D isinterfaced to the
DECsystem-10 via the DL10 and the
DAS62-S is interfaced via the DTE10.
Multiple DAS62's are supported per
DECsystem-10.

OPTIONS

DAS62-DA,DB-IBM 2780 and/or 3780
and/or HASP multi-leaving work station
Front End. Including DL10-C port and
requires DL10-A with available port. Re-
quires addition of DAS62-H and/or
DAS62-J synchronous line units.

DAS62-SA, SB—IBM 2780and/or 3780
and/or HASP multi-leaving work station
Front End including DTE10 interface.
Requires addition of DAS62-H and/or
DAS62-J synchronous line units.

DAS62-EA, EB-Synchronous Expan-
sion Cabinet for expansion past 4 syn-
chronous lines. Includes no synchro-
nous lines.

DAS62-H-Synchronous Single Line
Controller for data transmissionspeeds
of up to 10K baud and for attachment to
EIA RS232C compatible modems.
DAS62-J-Synchronous Single Line
Controller for data transmission speeds
of up to 50K baud and for attachmento
303-type current modems.

DAS62-QC-DASE2 Software Only

DAS62-QX-DAS78 to DAS62 Sqﬂ'
ware Only Upgrade (prerequisite
GALAXY)

DAS62-QY -DAS61to DAS62 Software
Only Upgrade




CONFIGURATOR

SAMPLE COMPLEX CONFIGURATION
1090 WITH HIGH AVAILABILITY SWITCHOVER

MEMORY SYSTEM
4 WAY INTERLEAVED KLIOB CPU® 1/0 BUS D103
——— CENTRAL [
PROCESSOR DNB7S
IOH
g DTE 20 DNBIFB DAS82
| RH20 DN8IH
RH20 REMOTE STATION
RH20 LPIOF
MGIOH
' D) ) o
MHI0H CPIOD
—8
' !RPOA) !RPOb) !RPO&)
MH10H L_{FORMATTER
TTUIGE
— DX10 Lol L5 ° s =
ovo_ |- e 55N
KLIOB CPUI
CENTRAL
R
PROCESSO \ = NETWORK
DTE 20 1 DNB1FB LINK
RH20 DNBIH  |(SEE NOTE)
RH20 I
USE ONLY AS BACKUP
NOTE:
em connected to CPU 1 would

,u: his system would normally run as a 1099 with CPU O the master and
1098“0'1 as a DAS 81 remote concentrator to the DN87S on CPU 0.Sho
and TOPS-10 reloaded to run on CPU 1, Route-through would be use

DNB7S or CPU 1

47

CPU 1 the slave. The DN97S Subsyst
uld the master CPU 0 fail. the system would be reconfigured asa

d with the DN87S on CPU O now operating as a DAS 81 to the
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(514

MEMORY
MODULE

MEMORY
MODULE

UP 7O
MEMORY
MODULES

MEMORY
MODULE

DEC SYSTEM 10907 1099 CONFIGURATION

[ cCenTRAL 140 _8US
PROCESSOR
— — .
- I HARD COPY
COMMUNICATION] UP 7O 112 ASYNCHRONDUS LINES CONTROL
DATA LINK MULTIFLEXER OR UP TO 12 SYNCHRONOUS LINES
| P10 3 ! {UP 1O 4)
' FORMAT TER
1
DATA CHANNEL Cofl o
CONTROL RH20 UP TO & TAPE DRIVES DECTAPE
DATA CHANNEL ol " - . . CONTROL
CONTROL RH20
UP TO 8
UP TO 8 DISK DRIVES (UP TO 32 PER SYSTEM)
DATA
P Ihplety CONTROLLER
UP TO 3 UP 10 3
UP_TO 8 TAPE DRIVES
1
| DATA COMMUNICATION| UP TO 112 ASYNCHRONOUS LINES
CHANNEL MULTIPLEXER | OR UP TO 12 SYNCHRONOUS LINES
UP 10 2 UPTO &
CENTRAL
PROCESSOR

UPTO 3 LINE PRINTERS
2 CARD READERS
1 CARD PUNCH

UPTO 8 DECTAPES




OPTION DESIGNATOR

116V/60Hz 230V/50Hz

DESCRIPTION

PREREQUISITE

E:entr&l Processors
KA10-A, KA10-C

Ko, KHo

KL10-BA, KL10-BB

Memories and Channels
MF10-A, MF10-A

MF10-E, MF10-E
MF10-G, MF10-G
MG10-HA
MH10-H

MC10-D, MC10-D

MC10-F, MC10-F
MX10, MX10

MX10-C, MX10-C

DF10, DF10

DF10-CA, DF10-CB

DAS33

Disk Systems
RP02-A, RP02-B

RPO3-AS, RP03-BS

RP02-P, RPO2-P
RP10-CA, RP10-CB

RP02-CA, RP02-CB

RPO3-CA, RPO3-CB

KA10 Central Processor; 366 hardware instructions,

10-character-per-second console terminal

K110 Central Processor; 378 hardware instructions
memory paging, instruction look-ahead, virtual
memory, 10-character-per-second console terminal

KL10 Central Processor; 395 microprogrammed
instructions, business instruction set, high-speed
cache memory, virtual memory, instruction look-
ahead, 30-character-per-second console terminal

MF10 Core Memory; 32K words of 1.0-microsecond
memory.

MF10 Core Memory expansion module; 32K words
of 1.0-microsecond memory to expand MF10-A

MF10 Core Memory; 64K words of 1.0-microsecond
memory.

MG10 Core Memory; 128K words of 1.0
microsecond memaory

MH-10 Core Memory 256K words of 1.2
microsecond memory

Memory Access Port; for MD10 Memories
Memory Access Port: for MF10 Memories

Memory Port Multiplexer; provides direct memory
access for up to eight FD10 Data Channels using
18-bit address logic

Memory Port Multiplexer; provides direct memory
access for up to eight DF10-C Data Channels using
22-bit address logic.

Data Channel; permits data transfer between high-
speed devices and core memory: uses 18-bit
address logic

Data Channel; permits data transfer between high-
speed devices and core memory; uses 22-bit
address logic.

Buffered Data Channel; permits block data
transfers between I/0 controllers and core
memory; contains 256-word data buffer: uses
22-bit address logic.

Disk Drive; 5.12-million words capacity; average
access time 47.5 milliseconds: transfer rate
15 microseconds per word

Disk Drive; 10.24-million words capacity; average
access time 47.5 milliseconds: transfer rate 15
microseconds per word

Disk Pack; additional disk pack for RP02 or RP03
disk drive.

Disk Controller: controller for up to eight RP02
and/or RPO3 Disk Drives

Disk System: includes DF10 Data Channel, RP10-C
Controller and one RPO2 Disk Drive

Disk System: includes DF10 Data Channel,
RP10-C Controller and one RPO3 Disk Drive

None

None

None

KA10, KO or KL10

MF10-A

KA10, KO, or KL10

KA-10, K110, or KL10

KA-10, KO or KL10

MD10
MF10
MCi10

MC10

MC10 or MX10

MC10 or MX10-C

Avail. memory port
MX10 or MX10-C

RP10 or RP10-C

RP10-C

RP0O2 or RPO3

DF10 or DF10-C

MC10, MX10

MC10, MX10

MAX. NO,
SUP-

PORTED
(NOTE 1)

Note 2
Note 2
Note 2
Note 2

Note 2

64
64
3

32
32

n/a



OPTION DESIGNATOR
115VI60Hz  230V/50Hz

DESCRIPTION

PREREQUISITE

MAX. NO.
SUP-
PORTED
(NOTE 1)

RPO4-AA. RP0D4-AB

RPO4-BA, RPO4-BB

RPO4-C, RPO4-C

RPO4-P, RP0O4-P
RHPO4-AA, RHPD4-AB

RHPO4-BA, RHP04-BB
RHP04-DA, RHP04-DB
RHPO4-EA, RHPO4-EB
RHPO4-FA, RHPO4-FB
RHPO4-HA, RHP04-HB
RTPO4-AA, RTPO4-AB
RTP04-BA, RTPO4-BB

RTP04-C
RHPOB-AA, RHP0G-AB

RHPO6-BA, RHP06-B8

RPOG-AA, RPOG-AB

RPO6-BA, RPO6-BB

RPO6-C
RTPOG-AA, RTP0G-BB

RTP06-BA, RTP06-BB
RTPO6-C
RHS04-DA, RHS04-DD

RHS04-CA, RHS04-CD

RHS04-GA, RHS04-GD
RHS04-HA, RHS04-HD

RHS04-JA. RHS04-JD

Disk Drive; 20.48-million words capacity; average
access time 27 milliseconds; transfer rate 5.6
microseconds per word.

Disk Drive: 20.48-million words capacity, average
access ime 27 milliseconds; transfer rate 5.6
microseconds per word; controller select option
for attachment to two controllers

Controller Select Option; converts RP04-A to
RP04-B

Disk Pack; additional disk pack for RP04 Disk Drive.

Disk System; includes controller and one RPO4-A
Disk Drive

Disk System; includes controller and one RP04-8
Disk Drive

Disk System; includes DF10 Data Channel, con-
troller and RP04-A Disk Drive.

Disk System: includes DF10 Data Channel, con-
troller and one RP04-B Disk Drive.

Disk System: includes DF10-C Data Channel,
controller and one RP04-A Disk Drive

Disk System; includes DF10-C Data Channel,
controller and one RP04-B Disk Drive

Disk System including Controlier and RPO4-A
(single access) Disk Drive

Disk System including Controller and RP04-B
{dual access) Disk Drive

Dual Channel Access Kit

Disk System; including Controller and RPO6-A
(single access) Disk Drive.

Disk System; including Controller and RPO6-B
(dual access) Disk Drive.

Add-on Disk Drive (single access), includes one
RPO6-P Disk Pack. 39, 40 million word capacity
average access time. 27 milliseconds, transfer
rate 5.6 microseconds per word.

Add-on Disk Drive (dual access); includes one
RPO6-P Disk Pack. 39, 40 million word capacity
average access time, 27 milliseconds, transfer
rate 5.6 microseconds per words,

RP06 Dual Access Kit

Disk System including Controller and RPO6-A
(single access) Disk Drive

Disk System including Controller and RP06-B
(dual access) Disk Drive

Dual Channel Access Kit

Swapping Disk; 256K words of swapping slorage.
transfer rate of four microseconds per word; room
for one additional RHS04-C.

Swapping Disk; 256K words of swapping storage;
transfer rate four microseconds per word; for
expansion of RHS04-D

Swapping System; includes controlier and one
RHS04-D Swapping Disk

Swapping System: includes DF10 Data Channel,
controller, and one RHS04-D Swapping Disk.
Swapping System; includes DF10-C Data Channet.
controller, and one RHS04-D Swapping Disk.

51

RHPD4-A, RHP04-B,
or RHP04-D

RHPO4-E, RHPO4-F,
or RHPD4-H

RP04-A

RPO4-A or RP04-B
DF10 or DF10-C

DF10 or DF10-C
MC10, MX10
MC10, MX10
MC10, or MX10-C
MC10. MX10-C
KL10-B

KL10-B

KL10-B, RTPO4-A
DF10 or DF10-C

DF10 or DF10-C

RHPO6-A or RHP06-B

RHPO6-A or RHPO6-B

RPOG-A
KL10-B

KL10-B

KL10-B, RTPO6-A
RHS04-G, RHS04-H
or RHS04-J

RHS04-D, RHS04-G
RHS04-H. RHS04-J

DF10 or DF10-C
MC10, MX10

MC10 or MX10-C

32

Note 3

nfa

nia

32

32

16

16

- —



MAX.NO.

SUP-

OPTION DESIGNATOR PORTED

115V/60Hz 230V/50Hz  DESCRIPTION - PREREQUISITE (NOTE 1)

Magnéhc Tape-SystelTIS

TU10A-EE, TU10A-EJ Magnetic Tape Drive; 9-channel drive, 45-inches- TM10-A or TM10-B 8
per-second; recording densities of 200, 556 and
88 bpi.

TU10A-FE, TU10A-FJ Magnetic Tape Drive; 7-channel drive, 45-inches- TM10-A or TM10-B B
per-second; recording densities of 200, 556 and
800 bpi.

TM10-AA, TM10-AB Magnetic Tape Controller; Interfaces to I/0 bus of KA10 or KO 1
KA10 or K10 Central Processors for control of
up to eight TU10A Magnetic Tape Drives.

TU10-CA, TU10-CB Magnetic Tape System; includes TM10-A Controller  KA10 or KI10 1
and one TU10A Magnetic Tape Drive.

THU16-EA, THU16-ED Magnetic Tape System; including RH10 and TM02 DF10 or DAS33 8
Controllers and TU16-E 9-track, 45 ips Tape Drive
Recording densities of 800/1600 bpi

TTU16-EA, TTU16-ED Magnetic Tape System including Massbus KL10-B 4
Controller, Tape Controller and TU16-E
Tape Drive

TU16B-E, TU16B-ED Tape Controller and TU16-E Tape Drive THU16-E or TTU16-E 8
(for expansion beyond 4 drives)

TU16-EE, TU16-EJ Add-on Magnetic Tape Drive, 9-track, 45 ips. THU16-E 32
Recording densities of 800/1600 bpi

TU40-A, TU40-B Magnetic Tape Drive; 9-channel drive, 150-inches- TU40-C, TU41-C 16
per-second; recording densities of 200, 556 and
800 bpi.

TU41-A, TU41-B Magnetic Tape Drive; 7-channel drive, 150-inches- TU40-C, TU41-C 18
per-second; recording densities 200, 556, and
800 bpi.

TM10-BA, TM10-BB Magnetic Tape Control; attaches to DF10 or DF10 or DF10-C 2
DF10-C Data Channel to control up to eight TU40
and/or TU41 Magnetic Tape Drives.

TU40-CA, TU40-CB Magnetic Tape System; includes DF10 Data Chan- MC10, MX10 2
nel, TM10-B Controller and one TU40 Magnetic
Tape Drive.

TU41-CA, TU41-CB Magnetic Tape System; includes DF10 Data Chan- MC10, MX10 2
nel TM10-B Controller and one TU41 Magnetic
Tape Drive.

TU70-AA, TU70-AB Magnetic Tape Drive; 9-channel drive, 200-inches- TU70-C 16
per-second; recording densities 800 and 1600 bpi

TU71-AA, TU71-AB Magnetic Tape Drive; 7-channel drive, 200-inches- TU70-C 16
per-second; recording densities 200, 556, and
800 bpi.

TU70-CA, TU70-CB Magnetic Tape System; includes Data Channel, MC10, MX10 or 2
controller and one TU70-A Magnetic Tape Drive MX10-C

TU56-A, TUS6-B DECTAPE Unit; dual-drive DECTAPE. TD10 or TD10-G 8

TD10-A, TD10-B DECTAPE Control; provides control for up to four KA10 2
TUS56 DECTAPE units

TD10-CA, TD10-CB DECTAPE Control; provides control for up to four KI10, KL10 2
TUS56 DECTAPE units.

TD10-GA, TD10-GB DECTAPE System:; includes TD10 Controller and KI10 or KL10 2
one TU56 DECTAPE unit.

TU72-C Magnetic Tape System: includes DX10 data K10 or KL10 2

channel, TX02 tape control unit and TU72-E
9-track 125 ips Tape Drive. Recording densities
of 1600 and 6250 bpi.
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MAX. NO.

OPTION DESIGNATOR gg’;‘TED
TUT2:E Magnetic Tape Drive; 9-track, 125-inches- Tu72-C 8
per-second; recording densities 1600 and 6250
bpi
Hard-copy Equipment
CR10-DA. CR10-DB Card Reader; table-top card reader, 1000-cards- KA10, KO or KL10 2
per minute.
CR10-EA, CR10-EB Card Reader; console card reader, 1200-cards-per- KA10, KO or KL10 2
minute
CR10-FA, CR10-FB Card Reader; table-top card reader, 300-cards-per- KA10, K110 or KL10 2
minute
LSP10-LA, LSP10-LB Line Printer; 245-lines-per-minute, 64-character KA10, K10 or KL10 1, Note 5
print set
LP10-FE, LP10-FE Print Drum; 64-character EDP print drum for LP10-F
LP10-F Line Printer N/A
LP10-FF, LP10-FF Print Drum; 64-character Scientific Print drum LP10-F N/A
for LP10-F Line Printer.
LP10-HE, LP10-HE Print Drum, 96-character EDP Print drum for LP10-H N/A
LP10-H Line Printer
LP10-HF, LP10-HF Print Drum, 96-character Scientific Print drum for LP10-H N/A
LP10-H Line Printer
LP10-FA, LP10-FB Line Printer: 1,250-lines-per-minute, 64-character KA10, K10, KL10 3
EDP print set
LP10-FC, LP10-FD Line Printer: 1,250-lines-per-minute, 64-character KA10, KNO, KL10 3
Scientific print set
LP10-HA, LP10-HB Line Printer, 925-lines-per-minute, 96-character KA10, KO, KL10 3
EDP print set
LP10-HC, LP10-HD Line Printer, 925-lines-per-minute, 96-character KA10, KIO, KL10 3
Scientific print set
LP100-BA LP100-88 Line Printer; up to 1500LPM, EDP print set— KA10, KO, KL10 3
see LPO7-Y
LPO7-YA Charaband for LP100 with 2 sets of 64-char. fonts, LP100-B N/A
LP07-YB Charaband for LP100 with 2 sets of 96-char. fonts. LP100-B N/A
LPO7-YC Charaband for LP100 with 1 set of 64-char. fonts LP100-B N/A
and 1 set of 96-char. fonts
XY10, XY10 Plotter Control; for CALCOMP Model, 583 or 565 KA10, K110, KL10 2
plotter or equivalent.
XY10-A, XY10-A Plotter: CALCOMP Model 565 plotter with control; KA10, K110, KL10 2
uses 12-inch paper; specify step size:
Step size Steps/minute
0.01 inches 18,000
0.005 inches 18,000
0.1 inches 18,000
KA10, KI10, KL10 2

XY10-B, XYD-B

Plotter: CALCOMP Model 563 plotter with control;
uses 31-inch paper; specify step size:

Step size Steps/minute
0.01 inches 12,000
0.005 inches 18.000
0.1 inches 18,000




Maximum No.

Option Designator Supported
115V/60Hz 230V/50Hz DESCRIP’I_‘IOH Prerequisite (Note 1)

Asynchronous Data Communication Systems

DC10-AA, DC10-AB Data Line Scanner; provides controller plus four KA10, KHO 2
units of cabinet space; DC10 System handles up to
64 lines per DC10-A.

DC10-B, DC10-B Eight-line Group; Interface for eight local or DC10-A 16
dial-up lines; requires one unit of cabinet space;
dial-up lines require DC10-E for full modem control.

DC10-C, DC10-C Telegraph Relay Assembly; provides conversion DC10-B and DC10-D 8
from local to long lines using full- or half-duplex
facilities; requires two units of cabinet space.

DC10-D, DC10-D Telegraph Power supply; provides a standard line- DC10-C 8
voltage power supply used with DC10-C (120 volt,
2 amps); no cabinet space required.

DC10-E, DC10-E Expanded Data Set Control; provides expanded DC10-B 8
control of eight data sets in the DC10; recom-
mended for maximum system security; requires two
units of cabinet space.

DC10-F, DC10-F Expander Cabinet; provides eight units of cabinet DC10-A 2
space and power supplies for expansion beyond
DC10-A.

DC10-H, DC10-H Eight-line Group; interface for eight local or dial- DC10-A 8
up 2741-type lines; requires one unit of cabinet Note 6
space; dial-up lines require DC10-E for full modem
control.

Remote Stations

DASB0-AA, DASB0-AB Remote Batch Station. Includes 1 DN81-H, DAS 85, DN87, or N/A
LA36 Console, DAS80-CA/CB, DAS80-LA/LB, DC75NP
PDP-11 and software.

DASB81-AA, DAS81-AB Remote Concentrator. Includes PDP-11, 1 DN81-H, DASB8S5, DN87, or N/A

DN&1-EA and software. Can add one more DN81-EC, DC75NP
ED for a total of 32 asynchronous lines. DN81-Fx
asynchronous interfaces are also required and must

be ordered separately.

DAS82-AA, DAS82-AB Remote Batch Station and Concentrator. Includes DAS85, DN87, or N/A
PDP-11, DAS80-CA/CB card reader, DAS80-LA/LB DC75NP
line printer, 1 DN81-H, DN81-EA and software.
DN81-Fx asynchronous interfaces are also
required and must be ordered separately.

DAS92-AA, DAS92-AB Includes 16K PDP-8/A processor, VT52, ROM for DECsystem-10 N/A

down-line loading, one synchronous line interface. DC75-NP, DAS85
or DN87

DAS92-EA As_ynchronous 4 line multiplexer including line See DAS92 4
drivers. Will accommodate either 20 mA or EIA configurator
lines in any mixture.

DAS92-CA, DAS92-CB Card Reader for 80-column (only) cards: See DAS92 1
operates at 285 cpm. configurator

DAS92-PA, DAS92-PD LA 180 Printer operates at 180 cps and uses a See DAS92 1
96-character set. configurator

DAS92-VA, DAS92-VD LPO5 Line Printer (64 characters) operates at See DAS92 1
300 Ipm; 132 columns wide carriage configurator

DAS92-WA, DAS92-WD  LPOS5 Line Printer (96 characters). See DAS92 1

configurator




QOption Designator

Unit Record Options
0ASE0-CA, DASBO-CB
DASS0-LA, DASBO-LB

DAS80-.C, DAS80-LD

Front Ends
DNg7-DA, DN87-DB

DN87-AA, DN87-AB

DNB7S-AA, DNB7S-AB

DN87-U

DESCRIPTION

Maximum No.

Card Reader, 300 cards per minute.

Printer, 300 lines per minute, 132 printing positions,
64 printing characters, EDP character set.

Printer, 230 lines per minute, 132 printing positions,
96 printing characters, EDP character set.

DN87 including DL10-C port only. Requires DL10-A
with available port. Requires addition of DN81-xx
synchronous and/or asynchronous line options.
DNB87 including DL10-A Communications Interface
and one DL10-C port. Requires addition of DN81-xx
synchronous and/or asynchronous line options.
DNB87 with DTE10 interface. Requires addition of
DNB81-xx synchronous and/or asynchronous line
options.

DC76 to DNB7 software only upgrade (including
KG11-A).

Asynchronous Line Options

DNB1-EA, DNBI-EB

DNB1-EC, DNB1-ED

DNB1-FA

DN81-FB

DNB1-FC

DNB1-FD

Synchronous Line Options
DNBI-EE, DNB1-EF

DN8t-H

DN8t-J

Asynchronous Expansion Cabinet including one
DNB1-EC 16-Line Asynchronous Expansion Group.
Requires two DN81-Fx 8-Line Terminator Groups
to activate the lines.

Asynchronous 16-Line Expansion Group. This
requires two DN81-Fx 8-Line Terminators to
activate the lines.

8-Line Terminators each with 20 mA Current
Loop Local Interfaces.

8-Line Terminators each with EIA Local
Interfaces.

8-Line Terminators each with EIA Full Modem
Control Interfaces.

8-Line Terminators with Integral Auto Answer
Modems. (These modems require customer
supplied DAA's).

Synchronous Expansion Cabinet. Includes

one DN81-H

Synchronous Single Line Controller Expansion
Line. For data transmission speeds of up to 10K
baud and for attachment to EIA R$232C
compatible modems.

Synchronous Single Line Controller. For data trans-
mission speeds of up to 40.8K paud and for
attachment to 303-type current mode modems.

*Used on DN87, DNB7S Front Ends and on DAS80 Series Remote Stations.

Supported
Praiequlsite (Note 1)

DASBO0 Series Remote 1
DASB80 Series Remote 1
DASB80 Series Remote 1
KA10, K110, KL10 6
DL10

KA10, K10, KL10 2
1090 3
DC76 N/A
DNB87, 875* 2
DN87, 87S* 5
DN87, 87S N/A
DN87, 87S N/A
DN87, 875 N/A
DN87, 875 N/A
DN87, 87S 1
DN87, 87S 12
DAS 80, 81, 82 4
DN87, 87S 12
DAS 80, 81, 82 4




Maximum No.
Option Designator Supported

115V/60Hz 230V/50Hz DESCRIPTION

Prerequisite

(Note 1)

IBM DEVICE EMULATION AND TERMINATION FRONT ENDS

DAS6E1-DA, DB

DAS61-SA, SB

DASGB1-EA, EB

DAS61-H

DAS61-J

DAS61-QC
DASE1-QX

DAS62-DA, DB

DAS62-SA, SB

DAS62-EA, EB

DAS62-H

DAS62-J

DAS62-QC
DAS62-QX

DAS62-QY

Terminals

LA36-CC, LA36-CD

LA37

VTO5B-DA, VT05-DB

IBM 2780 and/or 3780 Emulation and Termination
Front End. Including DL10-C port and requiring
DL10-A with available port. Requires addition of
DASG61-H and/or DAS61-J synchronous line units.

IBM 2780 and/or 3780 Emulation and Termination
Front End including DTE10 interface. Requires
addition of DAS61-H and/or DAS61-J synchronous
line units.

Synchronous Expansion Cabinet for expansion past
4 synchronous lines. Includes no synchronous lines.

Synchronous Single Line Controller for data
transmission speeds of up to 10K baud and for
attachment to EIA RS232C compatible modems.

Synchronous Single Line Controller for data
transmission speeds of up to 50K baud and for
attachment to 303-type current modems.

DAS61 Software Only

DAS78 to DAS61 Software Only Upgrade
(prerequisite GALAXY).

IBM 2780 and/or 3780 and/or HASP multi-leaving
work station Front End. Including DL10-C port and
requires DL10-A with available port. Requires
addition of DAS62-H and/or DAS62-J synchronous
line units.

IBM 2780 and/or 3780 and/or HASP multi-leaving
work station Front End including DTE10 interface.
Requires addition of DAS62-H and/or DAS62-J
synchronous line units.

Synchronous Expansion Cabinet for expansion
past 4 synchronous lines. Includes no synchronous
lines.

Synchronous Single Line Controller for data
transmission speeds of up to 10K baud and for
attachment to EIA RS232C compatible modems.

Synchronous Single Line Controller for data
transmission speeds of up to 50K baud and for
attachment to 303-type current modems.

DAS62 Software Only.

DAS78 to DAS62 Software Only Upgrade
(prerequisite GALAXY).

DASGE1 to DAS62 Software Only Upgrade.

DECwriter-ll; 30-character-per-second teleprinter
with 20-mA current loop interface; handles up to
6-part forms, 132-column printing, variable-width
forms, 96 upper- and lower-case characters.

APL-ASCII Terminal, 30-character-per-second,
features full APL, full upper/lower case, or upper
case TTY character sets.

Alphanumeric Terminal; 110 to 2400-baud CRT
display terminal; features 128-character keyboard,
1440-character capacity screen, direct cursor ad-
dressing, 20-mA current loop or EIA interface.
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KI10, KL10, DL10
TOPS10 6.03

KL10B

DAS61-D, DAS61-S

DAS61-D, DAS61-S

DAS61-D, DAS6E1S

DAS61-D, DAS61-S
DAS61-D, DAS61-S

KI10, KL10, DL10
TOPS10 6.03

KL10B

DAS62-D, DAS62-S

DAS62-D, DAS62-S

DAS62-D, DAS62-S

DAS62-D, DAS62-S
DAS78

DAS61

Asynchronous Line

12

12

Note 6
Note 6

12

12

Note 6
Note 6

Note 6

Note 4

Note 4

Note 4




Maximum No.
Option Designator Supported
115V/60Hz 230V/50Hz DESCRIPTION Prerequisite (Note 1)
GT40-AA, GT40-AB Graphic System; computer-level graphic system " Note 4

consisting of a graphical display system and
general-purpose minicomputer; features light pen,
128-character keyboard and EIA serial interface.

JT50-CA, VT50-CD DECscope; 75 to 9600-baud CRT terminal, 20-mA " Note 4
current loop interface, 960-character capacity
screen, 64-character keyboard.

V152 DECscope; 75 to 9600-baud CRT terminal, EIA " Note 4
interface, 1920-character capacity screen,
96-character keyboard.

VISO-EA, VT50-ED DECscope; 75 to 9600-baud CRT terminal, EIA " Note 4
interface, 960-character screen, 64-
character keyboard.

V161 DECscope Video Display Block-mode T