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PREFACE

This manual constitutes a programmer's reference source of detailed information con-
cerning the central processor hardware of Series 2000 models. The Easycoder Assembly
Language, used with the Series 2000 Basic Programming System and the Series 2000 operating
system — OS/2000, is also defined, In addition, this volume contains information concerning
the programming of Series 2000 peripheral devices and the Scientific Unit and Scientific Sub-
processor, The hardware information presented herein is equally applicable for the program-
mer using the following operating systems: Extended Mod 1 (MSR), Mod 1, or Mod 4.

It is recommended that the user obtain software publications applicable to his operating system;

refer to the Honeywell Publications Price Catalog, Order No. AB81, for a complete list of

available publications,

. The equipment characteristics reported herein remain subject to change to allow the

introduction of design improvements.

©1973, Honeywell Information Systems Inc. ‘ File No;: 1803
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SECTION I
SERIES 2000 COMPONENTS

Series 2000 is a family of modularly designed,. compatible data proceésing systems.
Each model within the system consists of two basic elements: a central processor, and an
array of peripheral devices connected to that processor. Most peripheral equipment can be
attached to any processor and the number of connectable devices is limited only by certain

individual power and circuitry restrictions.

The processing power of any of the central processors discussed in this manual can be
increased at. any time by the addition of peripheral devices and/or optional hardware features.
The components of a Series 2000 system discussed in this section include: (1) the central
processor; (2) the processor's interface with the peripherals; (3) the peripherals; and (4) the

expansion of processing power through the addition of optional hardware features,
CENTRAL PROCESSOR

The central processor is the computing
and control center of a Series 2000 model;
instructions processed within the central pro-
cessor control the operations of the entire
computer. A Series 2000 processor is func-
tionally divided into three units; storage, con-
trol, and arithmetic. The storage unit provides
magnetic core storage for both the program

instructions and the data to be processed accerd-

ing to these instructions; it is also used to

contain the resultant data. The control unit
directs the operation of the entire computer by
selecting, interpreting, and controlling the
execution of all program instructions. It con-
trols not only the flow of information wifhin

the centra;l processor but also the flow of data
between the central processor and all peripheral equipment. The arithmetic unit performs
such operations as addition, subtraction, multiplication, division, and comparison, as directed

_ by the control unit.
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CONSOLES

The primary communication medium between the operator and the central processor is
the Type 220 console, of which three versions are available, In the Type 220-3 Console
(Figure 1-1) and the Type 220-6 Console (Figure 1-2), most control functions, including that
of direct access to the processor, are performed by means of a console typewriter. This type-
writer can also be used as a peripheral device, operating under program control, or as a
logging typewriter by which the operator can make essential notes about the program in prog-
ress. A console control panel contains power switches, SENSE switches, and certain check

condition indicators.

The Type 220-8 Visual Information Control Console (VICC) includes a keyboard and
control panel, a display screen, and a console control (Figure 1-3)., The basic console can be
ekpanded to include a second display screen, a serial printer, a remote display, and a display
switch. The 220-8 performs all of the control functions of the 220-3 and 220-6, and pfovides

Series 2000 systems with vastly increased operator flexibility.

A Type 220 Console is required on all Series 2000 Systems. The Type 220-3 (or, option-
ally, the Type 220-8) is required on the Type 2041 Central Processor. The Type 220-6 (or,
optionally, the Type 220-8) is required on the Type 2041A, 2051 and 2061 Central Processors.
The Type 220-6A (or, optionally, the Type 220-8) is required on the Type 2051A Central
Processor. The Type 220-8 is standard on the Type 2071 Central Processor,

Figure 1-1. Figure 1-2. Figure 1-3.
Type 220-3 Console Type 220-6 Console Type 220-8 Console
(VICC)

STANDARD PROCESSING MODE

. The central processor performs arithmetic and logical operations as directed by the
instructions of an internally stored program. These instructions are read into memory from
an input medium such as punched cards, magnetic tape, punched paper tape, disk, or drum.

Control circuitry within the processor then selects, interprets, and executes these instructions.
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Normally, the instructions are executed sequentially, Branch instructions are provided, how-
ever, which make it possible to skip over a group of instructions or otherwise change the

sequence of the program.

INTERRUPT PROCESSING MODE

Sequential instruction execution is changed temporarily whenever the central processor
is interrupted. Any one of four sources can ''demand' access to the central processor by
generating an interrupt signal, which turns on a central processor interrupt indicator. Once
an interrupt indicator is detected as being on, a hardware response is made: information con-
cerning the current status of the processor (including the setting of the sequence register) is
stored, and a branch is made to a stored routine that identifies and services the demand. Thus,
programmed tests need not be made to detect the presence of an interrupt condition — the entire
process of detecting and responding to an interrupt signal is an automatic hardware function,
After the stored service routine has been executed, control is returned to the interrupted
routine at the point where the interruption occurred and the previous status is restored. Two
kinds of interrupts can occur in the system: external interrupts and an internal interrupt. A
detailed description of interrupt functions and programming for interrupt processing is pre-

sented in Section II,

-External Interrupts

The three sources of external interrupts are:

1, Peripheral Control — The control connected to any Series 2000 periph-
eral device can generate an interrupt signal under program control,
For instance, a data communication controller which services one or a
number of communication lines and devices may generate a real-time
demand on central processor time to handle a customer inquiry from a
remote terminal. The current operations of the processor are tempo-
rarily interrupted so that the inquiry may be serviced. A routine to
read the inquiry and to answer the question from a stored customer
file is automatically executed, and a response is sent back to the
terminal.

2. Console — The operator can interrupt the central processor by press-
ing the INTERRUPT button on the console. The source of such 'on-
site" interrupts is made available to the program by the execution of a
single instruction at the beginning of the interrupt service routine,

3. Program Instruction — One instruction in the Series 2000 repertoire,
the Monitor Call instruction, is used to generate an interrupt condition.
For programming convenience, the activation (or ''calling') of the
monitor program can be accomplished by means of this instruction.

Internal Interrupt

When Storage Protection is in effect, an internal interrupt condition, caused by certain
violations of a protected memory area or attempts to address nonexistent memory locations,

can also occur. Internal interrupts are of lower priority than external interrupts, so that a
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processor executing an external interrupt service routine does not respond to an internal
interruption until the routine is completed. Processing of internal interrupts is described in

Section II.>

ADDRESSING MODES

Due to the binary addressing system used in referencing the individual core storage
locations within the central processor, an address portion of a machine-language instruction
can occupy two, three, or four characters of memory., The ﬁumber of character positions
employed is controlled by two instructions: the assembly control statement ADMODE, and the
Change Addressing Mode (CAM) instruction, Any main memory address can be referenced in
any addressing mode by having the central processor prefix the address expressed in the
instruction with a binary value previously set in an address register. Thus, the programmer
has the ability to set the address registers to some high module, switch to the two-character
addressing mode, and still continue to address that module. This utilization of the smallest
number of character positions to express any main memory address results in a reduction in

the amount of memory required for a particular program.

ITEM-MARK TRAPPING MODE

The item-mark trapping mode, which can be set via the CAM instruction, causes the
processor to treat and execute any instruction containing an item-marked op code as if it were
a Change Sequencing Mode (CSM) instruction, which results in a transfer of control to an
instruction stored at a prespecified location., This processing mode is used extensively in

Liberator systems and can also be used to control program branching.

PROCESSING POWER

The power of any processor within Series 2000 can be defined as the total effect of its

main memory size, its internal speed, and its degree of peripheral simultaneity.

Main memory size, for the Series 2000 Models 2040 through 2070, ranges from a mini-
mum of 49, 152 character locations to a maximum 1, 048,576 locations. Figure 1-4 illustrates

the modular main memory sizes of the various processor types.

The internal speed of a processor is measured in terms of a memory cycle (i.e., the
time required to read and restore the contents of a unit location). The unit location used by
the Type 2041 is a single, 6-bit.character location. The unit location of the Types 2041A,
2051C, and 2061 is two successive character locations. The unit location of the Types 2051A
and 2071 is four successive character locations. The processors that manipulate more than
one location at a time are called multicharacter processors. Memory cycle speeds range
from 1.6 microseconds pér single-character fetch to 1 microsecond per four-character fetch
(see Figure 1-5).
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Peripheral simultaneity is a key feature of Series 2000 processors. Among the processors
described in this manual, from 8 to 16 simultaneous input/output operations can be performed

concurrently with internal computing (see Figure 1-6).

N R
1048 1048 2071 e il Lps
= 2061P ] 14ps
Basic b
T I 2051€C L. 6ps
2041 l.6ps
— | 20414 © © |1ps [l.5pus JP-5us
Optional —= —— ac o= Erpe e
524 |s24] |- 2051A¢ oo lus |LSps) 2us
S ’ %Per four-character fetch.
b
DR § Per two-character fetch.
r"""\—.,/ c .
: 1 and 2ps cycle times optional.

262 Figure 1-5. Main Memory Speed

Basic Optional

2071 16
2061 16

2051C
S 8 3 8 8 S
N & N N N N 2041A
2051A
Figure 1-4. Main Memory Figure 1-6. Peripheral Simultaneity
Size

PERIPHERAL INTERFACE

The array of peripheral devices available with Series 2000 processors include: consoles,
punched card equipment, high-speed printers, magnetic tape units, paper tape equipment,
direct-access devices (disk and drum), MICR reader-sorters, Visual Information Projection
units, and various data communication controllers, a front-end network processor, and remote
terminals. Also included are computer-to-computer adapters, a time-of-day clock, and a

standard interval timer and selector.
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Information is transferred between any one of these devices and the central processor by
means of a single stored-program instruction — the Peripheral Data Transfer instruction
described in Section VIII. By coding various control characters in this instruction, the pro-
grammekr specifies the direction of data transfer (into or oﬁt of the processor), the specific
device involved in the transfer, the data path over which information is to be transferred, and
any other information necessary to define the input/output operation (e.g., the number of lines
to be spaced during printer operations). The actual communication with the central processor
is not made by the particular peripheral device but by the peripheral control connected to that

device.

PERIPHERAL CONTROL

A peripheral control regulates the transfer of data between a processor and a peripheral
device. The control compensates for the difference in the data transfer rates of the processor
and the peripheral device by temporarily storing each character of transmitted information
until either the processor or the device is ready to receive the character. The control also
converts each character into the code used by the intended recipient (e.g., the card reader
control converts a character from Hollerith code to the internal six-bit code of the central
processor). As each character is transferred to the control, it is also checked for accuracy
by the control. One particularly significant feature of the peripheral control is that it operates
independently of the central processor and requires access to the main memory only when
information transfers are performed. In particular, all of the previously mentioned activities
of the control — temporarily storing, converting, and checking fhe information — do not involve
the central processor in any way., When each character of information is transferred, one main

memory cycle is allocated for the transfer.

Some peripheral devices require one peripheral control per device (e.g., a card reader).
Other devices can be connected in multiple fashion to a single peripheral control (e.g., up to
eight 1/2-inch magnetic tape units can be directed by a single control). The number of Series
2000 devices connectable to a peripheral control is shown in Tables 1-1 through 1-13 on the
following pé,ge s. The information listed under '"Unit Loads' and '"Address Assignments' in
these tables is used in determining the number of peripheral controls that can be connected to

a Series 2000 processor, This connection is described below,

PERIPHERAL DATA TRANSFER OPERATION

One of the major features of Series 2000 is the vdegree of peripheral simultaneity that can
be achieved by the various processors. The Type 2041 processor can perform up to eight
peripheral operations simultaneously; the other processors can perform as manir as sixteen
simultaneous peripheral operations. While all these operations are being executed, the central

processor continues its internal processing. The ability to perform simultaneous peripheral
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operations derives from an internal unit of the central processor — the input/output traffic
control — that guarantees a peripheral control access to main memory when data is to be
transferred. The manner in which the traffic control does this is explained in Section II. The

data path used by the traffic control to transfer data (see Figure 1-7) is described below.

Peripheral Addresses and Unit Loads

When installed in a Series 2000 computer system, peripheral controls (and their asso-
ciated devices) are permanently connected to the system. Xach control is assigned one or two
addresses, depending on the number of directions in which it can transfer data. It is by these
peripheral addresses that the controls are designated in input/output instructions. For example,
a card reader and its associated control can transfer data in only one direction — into the
central processor. The reader control is therefore assigned one address by which it is always
designated in an instruction. A combination card reader/card punch and control can transfer
data in two directions — into and out of the processor. It is thereby assigned two addresses:
one address is used to specify an input (card read) operation, while the other is used to specify

an output (card punch) operation.

I
Main /O. Peripheral Peripheral
Memor Traffic Control Devi
y Control ontro evice
Peripheral
Interface

Figure 1-7. Basic Input/Output Data Path

The number of peripheral controls which a Series 2000 processor can accommodate
depends upon four factors: (1) the number of '"unit loads' of power required by the controls to
be connected; (2) the number of unit loads available from the processor; (3) the number of
peripherai addresses required to operate the controls; and (4) the number of address assign-
ments that the processor provides. A peripheral control may require either one or two unit
loads of power and either one or two addresses. The numbers of unit loads and address assign-

\r*nents available with each Series 2000 processor are shown in Figure 1-8, The numbers of
unit loads and address assignments required by each peripheral control are shown in the sum-

mary tables of the peripheral equipment (Tables 1-1 through 1-13).
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Read/Write Channel

Note that the permanent connection established in Figure 1-7 is incomplete: there is no
connection across the peripheral interface. The input/output data path is completed by one or
more ''read/write channels,' inserted in the data path when the input/output instruction is
executed. (More than one read/write channel is sometimes necessary in order to accommodate
the high data transfer rates of some devices.) A read/write channel is not permanently con-

nected to any peripheral control but is assigned by the programmer or operating system to

specify the data path between a control and the processor,

Type Address Assignments/Unit Loads

2071 80

2061 48
2051
2041

2041A
2051A

N Basic Optionali

Figure 1-8. Address Assignments and Unit Loads Available in Series 2000 Processors

When the programmer codes an input/output instruction, he specifies among ‘other things
the address of the peripheral control that is to send or receive data and the read/write channel(s)
over which the data transfer is to take place. When the instruction is executed, the specified
read/write channel is automatically inserted in the peripheral interface. For example, Figure
1-9 shows the data path formed during the execution of an input/output instruction in which the
programmer specifies that the card reader control is to transfer data over read/write channel
2 (RWC2). The specified channel remains in the interface only for the duration of the card read
operation, When the data transfer terminates, RWC2 is automatically removed from the inter-

face and is available for reassignment by another instruction.

CENTRAL PROCESSOR

TRAFFIC
CONTROL

MAIN
MEMORY

Figure 1-9. Data Path During Card Read Operation
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Read/write channels are the key to the achievable simultaneity in a Series 2000 model:
the number of read/write channels associated with a particular processor determines the
number of peripheral operations that can be performed simultaneously by the processor (see

Figure 1-6).
PERIPHERAL EQUIPMENT

Series 2000 includes a wide variety of peripheral devices not only of different kinds, but

also on several performance levels for the same kind,

PUNCHED CARD EQUIPMENT

Seven different punched card units are offered: five card readers, a card punch, and a
card reader/punch. Table 1-1 lists the card devices available within Series 2000. Note that
a card device requires either one or two address assignments depending on the number of

functions the device performs.

Table 1-1, Punched Card Equipment

No. Unit
» No. Loads Re-
Device Devices quired by Address
Per Control & Assign-
Type Function Read/Punch Speed Control Device ments
123% Card Reader 400 cards/minute 1 1 1
123-2a Card Reader 600 cards/minute 1 1 1
123-4% | Card Reader 1050 cards/minute 1 1 1
223 Card Reader 800 cards/minute 1 1 1
223-2 Card Reader 1050 cards/minute 1 1 1
214-1 Card Punch 100-400 cards/minute 1 1 1
214-2 Card Reader/ Read: 400 cards/minute 1 1 2
Punch Punch: 100-400 cards/
minute

®Available only on Models 2040, 2040A, and 2050A integrated controls.

HIGH-SPEED PRINTERS

Ten types of printers (see Table 1-2) produce printed reports, listings, etc., at speeds
that vary from 300 to 1,300 lines per minute. Processed information is printed from any
programmer-assigned area in memory. A single program instruction — the Move Characters
and Edit instruction — allows the programmer to punctuate the output data, suppress zeros,

and insert identifying symbols in the data prior to printing,
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Print Buffer

With the addition of the Print Buffer (Feature 036) to the 222-3, 222-3N, 222-4, 222-6,
or 222-7 printer, the am ount of central processor memory cycles required for data transfer
to the printer is reduced to less than 1%. Thus, more than 99% of the central processor time

is available for program execution,

Table 1-2. High-Speed Printers

No. No.
Printers Unit
a Print Speed Per Loads . Address

Type (line s/minute) Control Required Assignments
112° 300 | 1 1 1
112-3b 650 1 1 1
122-3° 650 1 1 B
122-4b 950 1 1 1
122;-6b 1100 1 1 1
222-3 650-1, 300 1 1 1
222-3N 650 1 1 1
222-4 950-1, 266 1 1 1
222-6 1100 1 1 1
222-7 300 1 1 1
A1 printers can have 120 (standard) or 132 (optional) print positions.
bAvailable only on Models 2040, 2040A, and 2050A integrated controls.

MAGNETIC TAPE UNITS

Magnetic tape is a compact, highly versatile medium for the storage of programs and
data files. A complete family of units is available with the Series 2000 processors (see Table
1-3). These tape units transfer data at speeds ranging from 7,200 to 224,000 characters per

second.

1200-BPI Recording Density

The 1200-bits-per-inch recording density (Feature 054) provides the Type 204B-9 Mag-
netic Tape Unit with the capability of reading and writing data at a density of 1200 bits per inch
(bpi) on high-resolution 1/2-inch magnetic tape. The 1200-bpi recording density enables the '
- 204B-9 to achieve a transfer rate of 144,000 characters iaer second. Similarly, the 1200-bpi
recording density (Feature 055) allows the 204B-7 to operate at 43, 200 characters per second.

1600-BPI Recording Density

A 1600-bits-per-inch recording density is standard on the Type 204D-1, -3, and -5;
204D-3A and -5A; and 204F-1, -3, and -5 tape units. This density, in conjunction with tape
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transport speeds of 35, 70, or 105 inches per second, enables maximum transfer rates of

74,600, 149,300, or 224,000 characters per second when the compatibility mode is specified.

Dynamic Tape Addressing

Feature 056, Dynamic Ta‘pe Addressing, allows the changing of tape unit addresses while

the processor is in the RUN mode;

is available for use with all 1/2-inch magnetic tape controls.

i.e., entering the STOP mode is unnecessary.

Table 1-3. Magnetic Tape Units

This feature

No. Unit
No. Loads Re-
Devices quired by Address
Data Transfer Rate Per Control & Assign-
Type (characters/second) Control Devices ments
1/2-Inch Magnetic Tape Units (Seven-Track)
204B-1 } 7,200/19, 980 1-8 2 2
204B-2
204B-3 } 16, 000/44, 500 1-8 2 2
204B-4
204B-5 24,000/66, 700 1-8 2 2
204B-7 20, 000/28,800 (or 7,200/ 1-8 2 2
28, 800 or 20,000/43, 200
or 28,800/43, 200)
204B-8 44,500/64, 000 (or 16,000/ 1-8 2 2
64, 000)
204B-9 66, 700/96, 000 (or 24, 000/ 1-8 2 2
96,000 or 66,700/144,000
or 96,000/144, 000)
1/2-Inch Magnetic Tape Units (Nine-Track)
204D-1% 37,300/74, 600 1-8 2 2
204D-3% '74,600/149, 000 1-8 2 2
204D-5%"? 112,000/224, 000 1-8 2 2
204D-3A 74,600/149, 300 i-8 2 2
204:D-5Ab 112,000/224,000 ‘ 1-8 2 2
204F-1 37,300/74, 600 1-8 2 2
204F-3 74,600/149, 300 1-8 2 2
204F-5b 112,000/224, 000 1-8 2 2
a .
As-available only.
bRes’cric:i:ed to use on buffered sector. Not available on Model 2040.
1-11 AG28



IBM Magnetic Tape Compatibility

IBM Magnetic Tape Compatibility (Features 050 and 051 on the seven-track tape units;
Feature 052 on the nine-track tape units) enables the processing of tapes that have been written
at appropriate densities by IBM tape units or to write tapes to be read byv- these units. This
capability includes end-of-file mark recognition (tape-mark sensing), and the ability to translate
between IBM even-parity BCD code and the Honeywell Series 200/2000 central processor code,
Feature 052 is applicable to nine-track units in seven-track compatibility mode and seven-track

tape units connected to the 203D tape control.

EBCDIC Code Translation

On Type 203D and 203F Tape Controls with nine-track tape units, Feature 1052, an
EBCDIC Code Translator, enables hardware conversion of a subset of the IBM eight-level
Extended Binary Coded Decimal Interchange Code (EBCDIC) to the Series 200/2000 six-bit

central processor code, and vice versa.

DISK PACK DRIVES

Honeywell disk pack drives combine the unlimited shelf storage of magnetic tape with the
fast direct access of disk storage. With the use of removable disk packs, data can be recorded,
stored indefinitely (like magnetic tape), and rapidly reinserted in an on-line drive. The various

disk pack drives are listed in Table 1-4.
Various features are available for use with the disk pack drives. Table 1-5 lists the

features and indicates whether the feature is standard or optional. When a feature is optional

to a disk pack drive, the appropriate feature number is given,
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Table 1-4, Disk Pack Drives and Disk Subsystems

Single -Spindle Units

Data Storage Capacity Max, Unit
Per Drive Data Transfer Rate Drives Per Loads Address
Type (characters) (characters/second) Control Required Assignments
258 4.6 million 208,333 8 1 2
258B 4,6 million 147,500 8 1 2
259 9.2 million 208,333 8 1 2
259B 9.2 million 147, 500 8 1 2
273 18.4 million 208,333 8 1 2
Multispindle Units
Data Storage Capacity Max, Unit
Per Drive Data Transfer Rate Spindles Loads Address
Type (characters) {characters/second) Per Control Required Assignments
274 147.2 million 208,333 9 1 2
278-5 175 million 416,000 5 1 2
278-6 210 million 416,000 6 1 2
278-7 245 million 416,000 7 1 2
278-8 280 million 416,000 81 1 2
278-9 280 million 416,000 8 1 2
Disk Subsystems
Data Storage Capacity No. Drives Unit :
Per Subsystem Data Transfer Rate Per Loads Address
Type {characters) (characters/second) Subsystem Required Assignments
275-2 36.8 million 208,333 2 1 2
277-2 128 million 167,000—500,000 2 1 2
279-2 251,4 million 167,000—500,0002 2 1 2
Disk Subsystem Expansion
Data Storage Capacity No, Drives Unit
Per Additional Data Transfer Rate That Can Be Loads Address
Type Drive (characters) (characters/second) Added Required Assignments
275 18.4 million 208,333 6 1 2
277 64 million 167,000-500,000 6 1 2
279 125,7 million 167,000—500, 000 6 1 2

_lThe 278-9 has a spare spindle off-line.

The 277 and 279 transfer rate is dependent upon central processor RWC allocation.
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Table 1-5. Disk Pack Drive Features

258 258B 259 259B | 273

Feature '

Write Protect 074 074 074 074 074

Capability

Dynamic Disk 076 076 076 076 076

Addressing _ . -

Central Processor 079 079 079 079 079

Finished

Standby - - - - -

Eight-Bit Transfer - - - - -

274 275-2 277-2 278-5 279-2
through
278-9

Feature

Write Protect Std 074 074 Std Std

Capability

Dynamic Disk Std 076 076 Std . 076

Addressing

Central Processor Std 079 - Std -

Finished

a .

Standby - - Std - Std

Eight-Bit Transfer - - 077 - 077
a'Func'ciona.lly Identical to Central Processor Finished,

Write Protect Capability

A Write Protect Capabiiity (Feature 074) allows the operator to protect individual disk
pack drives from inadvertent writing via an alternate-action push-button switch on each disk
drive. In the permit mode the drive operates as specified; in the protect mode, an attempt to
write results in a protect violation status in the disk control address register. This register

can be interrogated by the programmer.

Dynamic Disk Addressing

Feature 076 (Dynamic Disk Addressing) allows the changing of disk addresses while the

processor is in the RUN mode; i.e., entering the STOP mode is unnecessary.

Central Processor Finished

The Central Processor Finished capability (Feature 079) allows the programmer to issue

a special Peripheral Control and Branch (PCB) instruction to the disk pack drive. Upon receipt
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of this instruction, power is automatically removed from the drive and a visual indicator is

illuminated. This feature minimizes setup time,

Eight-Bit Transfer

The eight-bit transfer capability allows data to be transferred between a disk control and a
a central processor in an eight-bit transfer mode. Data may also be transferred in the standard

Series 200/2000 six-bit transfer mode.

RANDOM ACCESS DRUMS

The Series 2000 drum, storage capability features a drum control that can direct from
one to éight magnetic drums, each capable of storing 2,6 million characters of information
(see Table 1-6). Thus, a single drum subsystem can have a total capacity of over 20 million
characters. Any record stored on the drum can be located in 27 milliseconds (average) and

can be transferred at the rate of 111,000 characters per second.

Table 1-6. Random Access Dru.rnv'Units

No. Unit
No. Loads Re-
Drums quired by Address
Data Storage Capacity Per Control & | Assign-

Type Per Drum Data Transfer Rate Control | Devices ments
270A-1 | 2.6 million characters | 111,000 characters/ "1-8 1 2
through second
270A-8

HIGH-SPEED DISK FILE

The high-speed disk file is a fixed~head storage device that offers high speed perform-
ance with fast access time. Up to four devices can be operated with a single control, and thus
a control's capacity may amount to over 16,8 million characters. Any record stored on the

disk files can be located in 8.6 milliseconds (averége).

Angular Position Indicator

Feature 072 (Angular Position Indicator) provides for optimum addressing of the
Type 266 High-Speed Disk File. Information is provided at any given time as to the current
position relative to 360 degrees of rotation. Under heavy load conditions with many demands

waiting to be executed, the average access time of the Disk Files may be substantially reduced.
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Table 1-7. High-Speed Disk File
No. Unit
No. Loads Re-
Devices | quired by Address
Data Storage Capacity Per Control & Assign-
Type Per Disk File Data Transfer Rate Control | Devices ments
266 | 4.2 million characters [ 300,000 char. /sec. 1-4 1 2

PAPER TAPE EQUIPMENT

Paper tape is an ideal medium for recording data that originates at locations distant from

a central Series 2000 installation and, as such, becomes particularly significant in data commu-

nication networks. A variety of standard commercial codes may be used with this relatively

inexpensive medium.

Table 1-8. Péper Tape Equipment

Three paper tape devices are offered in Series 2000 (see Table 1-8).

No. Unit
No. Loads Re-
: Devices | quired by Address
Device Per Control & Assign-
Type Function Data Transfer Rate | Control | Devices® ments
209 Paper Tape Reader 600 frames/second 1 2 1
209-2 | Paper Tape Reader 600 frames/second 1 1
210 Paper Tape Punch 120 frames/second 1 2 1

aLThe total load requirements for the combination of a 209 (or 209-2) reader and a
210 punch is 2 unit loads.

DATA COMMUNICATION EQUIPMENT

To communicate between a central site (e.g., home office) and remote locations (e.g.,

branch office, warehouse, etc.) the Series 2000 system must have communication equipment.

The two types of communication equipment which allow remote communication with a Series

2000 processor are hardwired communication controllers and a front-end network processor.

Honeywell provides two types of hardwired communication controllers:

1.

The Type 281 Single-Line Communication Controller

a. Type 281-1 (asynchronous)
b. Type 281-2 (synchronous)

The Type 286 Multiline Communication Controller

a. Type 286-1, -2, -3 (character mode)

b. Type 286-4, -5, -6, -7 (message mode)

The single-line communication controller interfaces with only one communication line

(either leased private, switched network, or direct connect),

controller interfaces with multiple lines simultaneously.

63 lines can be serviced.
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The DATANET 2000 Front-End Network Processor can handle from 1 to 120 asynchronous
or synchronous lines simultaneously. Unlike hardwired controllers, the DATANET 2000
relieves the Series 2000 processor of the overhead required to support communications. The
DATANET 2000 is responsible for code translation, line discipline, core or disk queuing,

automatic retransmission upon detection of error, etc,

The characteristics of both hardwired controllers and the front-end processor are given
in Table 1-9. |

Table 1-9. Data Communication Equipment

Maximum Unit
. Transmission No. Lines Loads | Address
Device .
: Rate Per Per Assign-
Type Function Per Line Controller |Controller | ments

Hardwired Communication Controllers

281-1 Asynchronous Single-Line 1800 bits/second 1 1 2
Communication Controller

281-2 Synchronous Single-Line 50, 000 bits/second 1 2 2
Communication Controller

286-1, Character Mode Multiline 4800

-2, -3 Communication Controller bits/second/line 1-63 2 2

286-4, Message Mode Multiline 9600

-5, -6, -7 | Communication Controller bits/second/line 1-63 2 2

Front-End Network Processor

DATANET Front-End Network 10,800
2000 Processor bits/second/line 1-120 1 2

A major requirement of many communication networks (e.g., inquiry handling or méssage
switching applications) is fast access to a stored file. Files may sometimes be stored in main
memorAy, but for large files main memory storage is economically unfeasible. File storage

units (i.e., the disk pack drives or drum units) fulfill the requirements of these applications,

A typical data communication network is shown in Figure 1-10, The pertinent components
of this system are: (1) a Series 2000 central processor; (2) a Type 273 Disk Pack Drive; (3) a

Type 281 C-ommunication Controller, (4) two data setsl; and (5) the remote terminal.

A VIP Single Display Station is used in this example: ‘a keyboard by which the inquiry is
transmitted to the central processor, and a CRT which displays the answer to the inquiry in

readable form.

CONSOLES

Characteristics of the Type 220 consoles, described previously, are listed in Table 1-10,

A data set is required to convert the data signals used by the communication control to signals
acceptable for transmission over communication lines and vice versa.
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Table 1-10.

Console Equipment

No. Unit
No. Loads Re-
. Devices | quired by Address
Device Per Control & Assign-
Type Function Data Transfer Rate Control | Devices ments =J
220-3, | Operator's Console | Typing speed (input); or n/a 1
-6 10 char, /sec. (output)
220-8 Visual Information Typing speed (input); n/a 1
Control Console 30 char./sec. (printer
output); 480 char. /sec.
(display output).

VISUAL INFORMATION PROJECTION (VIP) DEVICES

Cathode-ray tube (CRT) display units — for businesses requiring instantaneous visual

access to data stored in computer files ~ are available to the Series 2000 user. These devices

ate on-line to the computer, either locally via direct physical connection or from remote.

locations via communication facilities, An eight-bit code (seven-bit ASCII plus parity) is used

for synchronous transmission and a 10-bit code (seven-bit ASCII plus parity and start and stop

bits) for asynchronous transmission.

a wide range of screen sizes.

block-numeric keys as standard features.,

Keyboards include both alphanumeric typewriter layout and

Both single-station and multistation systems are available; both types of systems offer

Table 1-11. Visual Information Projection Devices
No. VIP No. Unit
Devices Loads Re- .
Device Per Com- quired by Address
munication Control & Assign-
Type Function Data Transfer Rate Controller Devices ments
2323 | Single-Display 1200~2400 bps 1 not not
Station applicable applicable
2317 | Multistation 1200-2400 bps 2-36 not not
Display System applicable applicable
765 ‘| Asynchronous . | 2000-2400 bps 1-20 n/a n/a
Single/Dual/
Cluster
Configurations
775 | Synchronous 2000-2400 bps 1-20 n/a n/a
Single/Dual/
Cluster
Configurations
785 | Synchronous 2000-2400 bps 1-8 n/a n/a
Single Station '
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2 A 4
DATA SET
3
4
DATA SET
A 4
5
TYPE 281
COMMUNI-
CATION
CONTROLLER

TYPE 257
DISK
CONTROL

TYPE 273
DISK PACK DRIVE

Y—
.

Customer inquiry is typed on keyboard in
form of a coded message.

Message signals are converted to a form
acceptable for transmission line.

Message is transmitted over transmission
line.

Message signals are reconverted.

Controller generates interrupt signal and trans-
fers incoming message to preassigned

memory location as directed by interrupt
service routine or communications

program.

Stored interrupt service routine or communica-
tions program interprets message and issues
instructions to read and update the customer's
record in a file stored in Type 273 Disk Pack
Drive.

Type 257 control directs the execution of the
instructions issued by the stored interrupt
program.

Customer's record is read and updated
according to instructions. Record is read
into preassigned location in interrupt
routine (in central processor memory),
from which the answer to the inquiry is
sent back to the display unit.

Figure 1-10. Customer Inquiry Handling via Typical Cc;mmunications Network
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TELLER TERMINAL EQUIPMENT

Honeywell Teller Terminal equipment permits more efficient banking procedures through
over-the-counter, on-line processing of all teller-assigned transactions. The Type 7330 and
7340 Teller Terminal is used by the teller for all his bank transactions. The teller terminal
transmits transaction information to the computer. Data is transmitted asynchronously via a
modified ASCII-type code, permitting combinations of similarly coded terminal devices to
share common networks. This code consists of a start bit, seven data bits, an even parity bit,

and a stop bit. Specifications of the Type 7330 and 7340 are shown in Table 1-12.

Table 1-12, Teller Terminal Equipment

Maximum No. Unit
No., Terminals Loads Re-
Device Per quired by Address
Interface Transceiver Assign-
Type Function Data Transfer Rate Unit & Devices ments
7330 |Teller Terminal | 120 characters/record 10 not not
73%0 applicable" applicable

FEATURES AND POWER MODULES

The various features that enhance Series 2000 systems are described in the following
paragraphs. These features, which were available as options in Series 200 models, are stan~

dard in most Series 2000 models.

Power modules for Model 2040A and 2050A systems are described in Tables 1-13 and 1-14,

respectively.

ADVANCED PROGRAMMING

Advanced Programming provides the Series 2000 user with additional program instructions,
the ability to modify instruction addresses via indexed or indirect addressing, and a ''read

reverse' capability with magnetic and paper tape units,

PROGRAM INTERRUPT

Program Interrupt is standard. A detailed description of program interruption, including
conditions that must be present for an interrupt to occur, processor activities that are auto-
matically performed when the interrupt takes place, and the programming of interrupt service

routines, is given in Section II.

EDIT INSTRUCTION

With a comprehensive instruction, Move Characters and Edit, processed information is

edited before being converted to an output medium (e.g., a printed document) by the suppression
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of unwanted characters and symbols and the insertion of identifying symbols such as the dollar

sign, decimal point, and asterisk.

STORAGE PROTECTION

This feature allows a programmer-specified portion of the main memory (and the con-
tents thereof) to be shielded from é.ccidenta.l alteration by programs running concurrently in
the memory. An attempt to violate the protection of this area results in an "internal'' pro-
cessor interruption. The program or programs running in the protected memory area have
15 additional index registers at their disposal; these registers can also be used by programs
in the unprotected (or '"open'') memory area if desired. Storage Protection is described in

Section II,

EXTENDED MULTIPROGRAMMING AND EIGHT-BIT TRANSFER

Processing capabilities are greatly increased by the Extended Multiprogramming and
Eight-Bit Transfer feature. In addition to the capabilities supplied by the Storage Protection
feature, extended multiprogramming provides storage protection with memory address reloca-
tion (or base relocation), interrupt masking, and instruction timeout. The eight-bit transfer
capability gives the various models increased flexiibility by allowing either eight-bit or six-
bit information transfers between certain peripheral controls and main memdry. The

Extended Multiprogramming and Eight-Bit Transfer capabilities are described in Section II,

SCIENTIFIC UNIT AND SCIENTIFIC SUBPROCESSOR

The Scientific Subprocessor and Scientific Unit are two functionally-identical units that

add 14 floating-point instructions to the Series 2000 repertoire. .

The Scientific Subprocessor is standard with Model 2070 processor and is optionally

available, as PM3A50, with Model 2050A systems.

The Scientific Unit, as Feature 1100A, is optionally available with Models 2040, 2050,
and 2060.,. As PM3A40, it is optional in the Model 2040A.

The Scientific Subprocessor and Scientific Unit are described in Appendix D,

HIGH-RESOLUTION CLOCK

The High-Resolution Clock is standard on the Type 2051C, 2051A, 2061, and 2071 pro-
cessors., A similar feature, the Accounting Timer, is available as PM4A40 with a Type
2041A processor. These features allow elapsed processing time, the time the processor

spends in the RUN mode with access to memory, to be carefully measured and maintained.
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Under program control, the count can be stored in main memory and printed out on the console.

An automatic interrupt is generated if a given program is still accessing memory when the full

range of the clock is reached; this interrupt can be used, also under program control, to store

the time and reset the timer.

Table 1-13. Model 2040A Power Modules

Power
Module - Description
F PM1A40 Replaces second I/O sector with a buffered sector
PM1B40 Adds buffered third sector (Power Module PM1A40 must also be
present. )
PM2A40 1.5 microseconds memory cycle time (per two characters) .
PM2B40 1.0 microsecond memory cycle time (per two cﬁaracters)
PM3A40 | Scientific Unit '
PM4A40 Accounting Timer
Table 1-14. Model 2050A Power Modules
Power
Module Description
F PM1A50 Replaces second I/O sector with two buffered sectors
PM1B50 Adds buffered fourth and fifth sectors (Power Module PM1A50 must
' also be present,)
PMZ2A50 1,5 microseconds memory cycle time (per four characters).
PM2B50 1.0 microsecond memory cycle time (per four characters).
PM3A50 Scientific Subprocessor

EXPANDED INSTRUCTION PACKAGE

This capability enhances the instruction repertoire of the processor and affords increased

compatibility with competitive equipment.

This feature provides two additional instructions —

Move or Scan (MOS) and Table Lockup (TLU) — and also includes the "'S'"' (Special) mode of

processing. The '"'S'" mode of processing, which is implemented by the variant character of the

Change Addressing Mode (CAM) instruction, enables the processor to manipulate the Add,

Subtract, Zero and Add, Zero and Subtract, and Branch if Character Equal instructions in a

special way.

All of the above instructions are described in Section VIII of this manual.
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SECTION 1II
THE CENTRAL PROCESSOR

A Series 2000 central processor is logically divided into five basic units (see Figure

2-1): a main memory, a control memory, an arithmetic unit, a control unit, and an input/

output traffic control.

MAIN MEMORY controL Memcry | { 1/0
TRAFFIC

{ conTroL |

ARITHMETIC UNIT |

Figure 2-1. Logical Division of Series 2000 Central Processor

MAIN MEMORY

1
The main memory contains from 49, 152 to 1,048,576 character locations of magnetic
core storage that are used to store program instructions and data during a program run (see
Figure 2-2).  Every character location is identified by a unique numeric address. This means

that an instruction can designate the exact storage locations that contain the data needed for a

particular operation.

lOnly access to memory of up to 524, 288 characters is described in this manual.
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MAIN MEMORY

P<INPUT DEVICE

% 3
ERRIAIAIIRK
1202220202020 00200%

Figure 2-2., Main Memory Functions

Figure 2-3 shows one character position of memory with the name of each core shown to
the right. Each co're can be individually magnetized to represent either a 1 or a 0, depending
upon its polarity. Moving from bottom to top in Figure 2-3, the first six cores are used for ‘
data storage, the seventh and eighth cores are used to define the limits of storage areas (these
two cores are frequently referred to as 'punctuation'' bits), and the ninth core is used for parity

checking.

O PARITY BIT (P) @) ’
O | memmarkemm) 5Im OO0 |00
o WORD-MARK BIT (wm} PUNCTUATION BITS z wlOlO101010
o u ) e JO[O|O|O
o ABIT} Z0NE BITS Z «Jolololelo
O | ser > DATA BITS gle (OO 0|0
O | somf mmesc fl«lolelolole
[e) 28T v 1912 O|1010 O
(o} | BIT ) IO O O
Figure 2-3'. One Memory Position Figure 2-4. Representation of Characters

in Magnetic Core Storage
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Figure 2-4 shows how typical numeric, alphabetic, and special characters are stored in
the main memory. Shaded circles represent cores containing l-bits. Bits 1, 2, 4, and 8 in
each character position can be combined to represent the decimal values 0 through 9. This
four-bit representation of decimal numbers is known as binary-coded decimal (BCD), Alpha-
betic and special characters are .represented by a combination of the numeric (1, 2, 4, and 8)
and the A~ and B-cores. The A-~ and B-cores correspond to zone punches on cards: the A-bit
represents a 12-punch, the B-bit represents an ll-punch, a corﬁbination of the A- and B-bits
represents a O-punch. A listing of the main memory formats for all valid Series 2000 charac-

ters appears in Appendix B.

The word-mark bit (WM) is used to define logical storage fields in the memory. In-
formation is rarely stored in the memory as single, independent characters; instead, adjacent
character positions are usually grouped to form storage fields. As described in Section III,

the wordmark bit is instrumental in defining the size of such fields.

Consecutive storage fields are frequently grouped together to form a unit of information
called an item. As its name implies, the item-mark bit (IM) is used to define the size of an

item in the main memory (see Section III),

A unit of information that is to be transferred between the main memory and a peripheral
device is called a record. A record can be of any length, from one character up to virtually
the maximum number of characters in the memory. Both the word-mark and item-mark bits

are used in defining the size of a record (see Section III),

The parity bit (P) is used in conjunction with an automatic error-detection technique
known as parity checking. Every memory position must be représented in the central pro-
cessor by an odd number of 1-bits, (Punctuation bits are excluded from this rule except in the
multicharacter processors.) Whenever a character is moved from one location to another it
is automatically checked to determine if an odd number of data l-bits have been moved. In
Figure 2-4, the charactérs 0, 9, B, M, and ( are represented by an even number of ones in
the data bit positions. Circuitry within the central processor automatically adds a one in the

parity bit positions of these characters to provide the required odd bit count.

MEMORY CYCLE

" The time interval required by a processor to read or write the contents of a unit location
is termed memory cycle time. For the processors described in this manual, memory cycle
time ranges from 1.6 microseconds per character (Model 2040) down to 1.0 microsecond per

four contiguous characters (Model 2070).
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CONTROL MEMORY

The control memory is a high-speed étorage unit consisting of up to 64 control registers.
(The number of registers actually available depends on the system configuration.) Normally,
control registers contain the addresses of instructions and data being processed during a pro;
gram run. One such register, called the A-address register, is illustrated in Figure 2-5. In
this example, the A-address register contains an address (206) designating a main memory

location, which in turn contains a unit of information (fhe decimal digit 7).

REGISTER CONTENTS OF
A-ADDRESS REGISTER

conTROL MEMORY| flizo |
\ Nrraeric |
CONTROL |

ADDRESS -

CONTENTSOF _ | §
LOCATION 206

Figure 2-5, Typical Control Register Function

In single-character Series 2000 processors that do not include the Scientific Unit
(Feature 1100A), each control register is only as large as it need be to contain the largest,
or "highest, " main memory address in the user's processor. When the Scientific Unit is
included in the system, each control register is 18 bits long, Thus, a processor whose main
memory capacity is 49, 152 characters contains control memory registers that are each 16
bits long (16 bits allow 65,536 addresses), while the control registers of a processor containing
131,072 characters of memory storage are each 17 bits long (see Table 2-1). In a multi-

character processor with up to 524,288 memory locations, 19 control register bits are active.

Table 2-1. Size of Control Memory Registers

MAIN MEMORY 49,152 65,536 131,072 262,144 524,288
CAPACITY )
(Characters)

SIZE OF CONTROL 16 16 17 18 19
MEMORY REGISTER
(Bits)
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Control registers can be addressed either by programmed instruction or from the opera-
tor's control panel or console. For instance, an instruction can change the course of a program
by manipulating the contents of the control register that governs program sequence; the operator
can interrogate a control register to determine the exact location at which the program has
halted, etc. When a register is addressed by programmed instruction, it is specified by means
of a variant character in the instruction. A register is addressed from the control panel or
console by using the register's octal address. The functional name of each register and the

variant character which specifies the register are listed in Table 2-2.

ADDRESS REGISTERS

The A- and B-address registers, the two sequence registers, and the interrupt registers
are used to address main memory during the loading and execution of instructions. A detailed

description of these registers is presented in Section IV, ''Addressing,"

READ /WRITE COUNTERS

Data is transferred between the main memory and a peripheral device via a read/write
channel (described in Section I), Two location counters are associated with a read /write
channel: a starting location counter and a current location counter. When a peripheral transfer
is to be performed, the address at which the transfer is to begin is stored in both counters.
Then, as each successive character is transferred, the contents of the current location counter
are incremented (or decremented) by one so that when the transfer is completed, this counter
contains the address of the character position immediately following (or preceding) the position
of the last character transferred. In transfers rated at less than 167 KC, the current location
counter is one beyond the record-marked location, For higher transfer rates, consult the

appropriate peripheral reference manual.

The availability of starting and current addresses associated with an input/output area

greatly simplifies the manipulation of variable-length records.
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Table 2-2. Control Memory Registers

Mnemonic Variant
Designation Function Character
Registers Standard in All Processors
AAR A-Address Register 67
BAR B-Address Register 70
SR Sequence Register 77
CLCl1 Read /Write Channel 1 — Current Location Counter 01
CLC2 Read /Write Channel 2 — Current Location Counter 02
CLC3 Read /Write Channel 3 — Current Location Counter 03
SLC1 Read /Write Channel 1 — Starting Location Counter - 11
SLC2 Read /Write Channel 2 — Starting Location Counter 12
SLC3 Read /Write Channel 3 — Starting Location Counter 13
WR1 Work Register 1° -
WR2 Work Register 2° --
WR3 Work Register 3% -
CSR Change Sequence Register 64
EIR External Interrupt Register 66
IIR Internal Interrupt Register 76
CLC1! Read /Write Channel 1' - Current Location Counter 05
SLC1! Read /Write Channel 1' - Starting Location Counter 15
CLC4 Read /Write Channel 4 - Current Location Counter 21
CLC5 Read /Write Channel 5 - Current Location Counter 22
CLC6 Read /Write Channel 6 - Current Location Counter 23
CLC4! Read /Write Channel 4' - Current Location Counter 25
SLC4 Read/Write Channel 4 - Starting Location Counter 31
SLC5 Read /Write Channel 5 - Starting Location Counter 32
SLC6 Read /Write Channel 6 - Starting Location Counter 33
SLC4! Read /Write Channel 4' - Starting Location Counter 35
CLC5! Read /Write Channel 5' - Current Location Counter 26
CLC6! Read /Write Channel 6' - Current Location Counter 27
SLC5! Read /Write Channel 5' - StartingbLocation Counter 36
SLC6! Read/Write Channel 6' - Starting Location Counter 37
CLCS8 Read /Write Channel 8 - Current Location Counter 00
CLC9 ‘Read /Write Channel 9 - Current Location Counter 20
SLC8 Read /Write Channel 8 - Starting Location Counter 10
SLC9 Read /Write Channel 9 - Starting Location Counter 30
CLC3! Read /Write Channel 8' - Current Location Counter 04
CLC9! 'Read /Write Channel 9' - Current Location Counter 24
SLC8' Read /Write Channel 8' - Starting Location Counter 14
"SLCY! Read /Write Channel 9' - Starting Location Counter 34
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Table 2-2 (cont). Control Memory Registers

Mnemonic Variant
Designation Function Character

Registers Standard in All Processors

cLcz! Read/Write Channel 2! - Current Location Counter 06
CLC3! Read /Write Channel 3' - Current Location Counter 07
sLcz2!' Read/Write Channel 2' - Starting Location Counter 16
SLC3! Read /Write Channel 3' - Starting Location Counter 17

Scientific Unit/Scientific Subprocessor

ACO ‘ Floating -Point Ac'c umulator 0b --
AC1 Floating -Point Accumulator lb : :
AC2 Floating -Point Accumulator Zb : :
AC3 Floating -Point Accumulator 3b ' : :

Registers on Multicharacter Processors Only

WR4 Work Register 42 -
WR5 Work Register Sa. : --
WR6 Work Register 6a --
WRT7 Work Register 7 : --
ATR Accounting Timer Register : 54

#These registers are available only to the processor and must not be addressed
by the program.

b,These registers (accumulators) can be addressed only by the instructions included
in the scientific unit or subprocessor (see Appendix D).
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ARITHMETIC UNIT

Arithmetic and logical operations are performed by a configuration of components com-
monly referred to as the arithmetic uﬁit. Basically, this unit is composed of an adder, capable
of performing both binary and decimal arithmetic, and two operand storage registers. ! In
single-character processors, each component is capable of storing a single six-bit character,
The adder and operand storage registers in the multicharacter processors can store two or
four characters at a time. In general terms, an arithmetic or logic operation‘ is performed

as follows (see Figure 2-6):

1. An instruction in the stored program specifies the type of operation to
be performed and the main memory storage locations of the data to be
manipulated,

2. The operands are transferred to the operand storage registers a character

or a word at a time, beginning with the rightmost character in each operand.

3. Each pair of characters (or, in the multicharacter processors, each pair of
multicharacters) that enters the storage registers is combined in the adder.
The result is stored in the main memory as specified by the program in-
struction. If a carry is generated, it is stored in the adder and combined
with the next higher-order pair of characters (or multicharacters).

i m OPERAND

STORAGE ADDER

m REGISTERS

Figure 2-6. Data Flow Between Main Memory and Arithmetic Unit

The contents of these registers are not accessible to the programmer.
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CONTROL UNIT

The control unit is the hub of central processor activities (see Figure 2-7). Its major
function is to select, interpret, and execute all of the instructions in the stored program. In
carrying out these instructions, the control unit coordinates the various activities of receiving
data from input devices, transferring data within the central processor, and transferring pro-
cessed data to the output units. The main memory addresses used by the control unit in per-

forming these tasks are stored in the registers of the control memory.

' MAIN MEMORY - | | CONTROL MEMORY |

A T _
TRAFFIC |
CONTROL | |- (

" ARITHMETIC UNIT

Figure 2-7. Control Unit Activities
INPUT /OUTPUT TRAFFIC CONTROL

The ihput/output traffic control is, as its name implies, the unit which regulates the flow
(or '"traffic') of data transferred during input/output activities. It works in conjunction with
the central processor control unit to allocate central processor time to input/output operations
and to i&entify-the peripheral controls which are to use that time to transfer data (see Figure

2-8).

The 1/O traffic control enables from 8 to 16 simultaneous input/output operations
(depending on the processor type) to occur concurrently with the internal computations of the
processor. This simultaneity is achieved by the traffic control's allocation of consecutive

memory access offerings to either peripheral controls or the central processor.

DATA TRANSFER RATES

With single-character processors, and with the unbuffered sectors of multicharacter
processors, one character can be transferred to or from main memory with each access to
memory, The data transfer rate of a read/write channel or time slot is therefore totally
dependent upon the number of memory accesses it is granted. For example, if a read/write
channel or time slot is granted access to main memory 83,000 times per second (once every

12 microseconds) the data transfer rate is 83, 000 characters-per-second,
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With the buffered sectors of multicharacter processors, however, it is possible to trans-
fer two or four characters to or from memory with each memory access. Buffered sectors
provide temporary storage for characters being transferred between main memory and a periph-
eral control, thus adapting the slower single-character operation of the peripheral control to
the faster multicharacter operation of the processor. Because, with buffered sectors, more
than one character is transferred at a time, a given transfer rate can 5e sustained with fewer
accesses to memory. The data transfer rate is now dependent on the number of characters
transferred simultaneously, as well as on the number of memory accesses granted. For
example, on the buffered sector of a two-character processor, a data transfer rate of 83,000
éhara'cters-per-second can be sustained with only 41,500 memory accesses per second (one

access each 24 microseconds), since two characters are transferred each time.

INPUT DEVICE

,/0 e

SRR R R RILK]
TRAFFIC ::0:0:0:0:0:0:0:::::
CONTROL. fus LRHRRRIRKRRK

QUTPUT DEVICE

Figure 2-8. Input/Output Traffic Control Activities

MEMORY ACCESS DISTRIBUTION

Every peripheral data transfer involves some factor that prevents the device being used
from transferring data at a rate comparable to that of the central processor. Usually this
factor is mechanical — moving a card through the read station or a magnetic tape past the
read /write head — although in data communication it is the bit rate of the communication line.
Therefore, a peripheral device requires access to the central processor to transfer information
to or from the main memory during only a fraction of the time that the operation is proceeding.
The periods in which the central processor is actually interrupted for data transfer are spaced

over the duration of the peripheral operation (see Figure 2-9),
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] — TIME REQUIRED TO COMPLETE PERIPHERAL OPERATION

— CENTRAL PROCESSOR TIME REQUIRED FGCR DATA TRANSFER

Figure 2-9. Data Transfer Intervals During One Peripheral Operation

When a peripheral operation is in progress but is not using main memory (the gray areas
in Figure 2-9), another peripheral control may gain access to the main memory. This second
memory access can in turn give way to a third access by another control before the original
operation requires access to the memory again, etc, In other words, peripheral operations

can occur simultaneously with one another. The periods of time peripheral controls do not

require main memory access to transfer data are given to the central processor for its in-
ternal activities. It is the function of the I/O traffic control to direct the sharing of main

memory access by the various peripheral devices and the central processor.

As described in Section I, in order for an I/O operation to proceed, the programmer or
operating system must specify a read/write channel in initiating the peripheral instruction.
This read /write channel completes the path between main memory and the control for the

peripheral device being addressed.

The rate at which each peripheral control must transfer data over a programmer-assigned
read /write channel(s) depends on the mechanical characteristics of the device connected to the
‘control. Thus, the transfer intervals shown in Figure 2-9 are specified according to the device
being used. For instance, the transfer rate for the disk pack drive is considerably faster than
that for the card punch; therefore, the disk pack drive will require access to the main memory
more frequently than the card punch, The I/O traffic control monitors and honors the requests
for access to the main memory., The I/O traffic control decides how the memory access
offerings should be used — by a read/write channel or by the processor — as shown in Figure

2-10.

The traffic control offers consecutive memory access offerings to read /write channels,
one memory access offering per channel. If there is a demand on a particular chaﬁnel when
the memory access is offered, the channel is granted one access to the main memory. During
this cycle, one, two, or four characters are transferred to or from memory, depending on the
processor type, sector, and transfer mode. If the channel does not require access to memory

‘when it is offered, the cycle is given to the central processor for internal data processing.
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A sector always has six time slots. In single-character processing, each read /write

channel is permanently associated with a particular time slot, With a multicharacter processor,

read /write channels have no pérmanent time slot assignments; when an I/O instruction is

issued, an available time slot is associated with the RWC specified. Memory accesses that

are not offered to the I/O traffic control are given unconditionally to the central processor.

IS THERE A
DEMAND ON AN
RWC?

GIVE THE MEMORY
ACCESS OFFERING
TO THE PROCESSOR

YES

GIVE THE MEMORY
ACCESS OFFERING TO
THE RWC FOR

DATA TRANSFER

PROCEED TO
NEXT MEMORY
ACCESS
OFFERING

Figure 2-10. Logical Decision Performed by Input/Output Traffic Control

Memory Access Distribution of the Type 204.1 Processor

In the Type 2041 processor, access to memory is offered for input/output operations

each 1.5 microseconds. The eight read /write channels (four in sector 1 and four in sector

2) are each offered access to memory once every 12 microseconds as shown in Figure 2-11.

ELAPSED TIME
IN MICROSECONDS

SECTOR 1
RWC's

MEMORY ACCESS
OFFERING

SECTOR 2
RWC's

10

11

12

la | s

4l

4§

Figure 2-11. Memory Access Distribution in the Type 2041 Processor
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When a read/write channel is offered access to memory, it may transfer a single character
to or from main memory. This establishes the basic transfer rate of a read/write channel at
83,000 characters-per-second because the sequential offering of access to memory is made

83,000 times each second.

Memory Access Distribution of the Type 2041A Processor

In the basic Type 2041A processor (without input/output power modules), access to
memory is alternately offered to sector 1 and sector 2, as shown in Figure 2-12, Ina
12-microsecond period read/write channels 2, 3, 5, and 6 are each offered access to memory
twice; thus each of these read/write channels has a transfer rate of 167,000 characters per
second. Read/write channels 1, 1', 4, and 4' are each offered access to memory once in each

12-microsecond period; thus each has a transfer rate of 83,000 characters per second.

ELAPSED TIME
IN MICROSECONDS[__! 2 3 4 5 6 7 8 9 110 |11 12

MEMORY ACCESS I
OFFERING 1 2 314 5 1 6 7| 8 91 10 11[12

SECTOR 1 | | |

'(I‘;vl\;[g)SLOTS {1 | > | s (e [ 12 | s | i

SECTOR 2 i |

TIME SLOTS
mesors o[ 5 [ 5 [ o s 1 o ]

Figure 2-12, Memory Access Distribution in the Basic Type 2041A Processor
The memory access distribution of the Type 2041A processor with PM1A40 is identical
to the Type 2051C, and the memory access distribution of the Type 2041A processor with both

PM1A40 and PM1B40 is identical to the Type 2061.

Memory Access Distribution of the Type 2051C Processor

In the Type 2051C processor (and the Type 2041A processor with PM1A40), sector 1
(unbuffered) is offered alternate memory access offerings as shown in Figure 2-13. In a
l12-microsecond period each sector 1 time slot receives one access to memory and may trans-
fer a single character; thus each sector 1 time slot sustains a data transfer rate of 83,000

characters per second.
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ELAPSED TIME
IN MICROSECONDS

SECTOR 1
TIME SLOTS 1 2 3 1] 2r | 3¢ 1 2 3 1| o2 | 3

MEMORY ACCESS
OFFERING

1{2(3|4([5|6|7|819|10{11{12]13[14|15|16|17|18]19(20j21|22|23]|24

SECTOR 2
TIME SLOTS 1 2 3 1t | 2! 3! 1) 2 3 v o2 31

Figure 2-13. Memory Access Distribution in the Type 2051C Processor
and Type 2041A Processor with PM1A40.

The time slots of sector 2 (buffered) can each transfer two characters with each access
to memory. Each sector 2 time slot gains access to memory once every 24 microseconds;

thus each is capable of a-data transfer rate of 83,000 characters per second.

Memory Access Distribution of the Type 2051A Processor

In the basic Type 2051A processor (without PM1A50 and /or PM1B50), sector 1 (unbuffered)
is offered alternate memory access offerings as shown in Figure 2~14. Ina l2-microsecond
period, each sector 1 time slot gains one memory access offering; thus each sector 1 time

slot sustains a data transfer rate of 83,000 characters per second.

ELAPSED TIME AN ERRAEAAAABEBREAB880888833nnannanan

INMICROSECONDS”345"7890123456789012345678901234567]890J1234|5678

SECTOR 1

TIME SLOTS 1i213j1Y2Y 311 (23 j1*{2"13"f1 |2 {3 |1'[2"|3"|1{2({3]1'|2'}3"
AEEEREREEREEEAEREREREEE

MEMORY ACCESS NRARBERBRNBAAAABBRAEEB888838833nannnanan

OFFERING 234 BB 17 %0l {2]s]2]5l6|7]s o [oli|2]3 |t |5l6l7| 8l ololt 2|3 a5 |6 |7|e blol1|z ]34l Je]7ls
B! 'y g

SECTOR 2

TIME SLOTS {3'1 21312 13 1|23 |12 3123|127 |31 2|3 j1"|2"|3

Figure 2-14. Memory Access Distribution in the Basic Type 2051A Processor
The time slots of sector 2 (buffered) can each transfer four characters with each access

to memory. As they gain one access to memory every 48 microseconds, each sector 2 time

siot has a data transfer rate of 83,000 characters per second.

2-14 AG28



When PM1A50 is added to the Type 2051A processor, memory access distribution is as
shown in Figure 2-15. Note that sector 1 remains the same but sector 2 now consists of two
buffered sectors. The time slots of sectors 2A and 2D gain access to memory once every 48
microseconds and can transfer four ch.aractervs at a time; thus each sector 2A and 2D time slot

has a data transfer rate of 83,000 characters per second.

ELAPSED TIME 1234567891““l””2”“2“2|2“333333I334“4““4
IN MICROSECONDS o]1]2i3|4|s|6|7|8 9|0l |2}3 |4]5]617) 8|9fo|1]2|3 |45 16]|7|8 o |0f1)2|3]4|5]6]7]8
met  LTTRRR T
MEMORY ACCESS 1234H6|7|89“1““]“22222222223333333333“‘4“‘4444
OFFERING ll 012345671911234567890123151789012345678
SECTOR 2A
TIME SLOTS ‘3'1 213 1vf2r13 2 13 12312 3B jji2r)3tj1 f23 {1t |R'IB
' Y v# vy
ST?I\C/JIEC;I;;?S {3'1 21312713 1|23 (12 31|23 |1%2r{3"f1 |23 |1'{2'|3

Figure 2-15. Memory Access Distribution in the
Type 2051A Processor with PM1A50

W hen PM1A5O and PM1B50 are both added to the Type 2051A processor, sector 1 remains
the same but sector 2 now consists of four buffered sectors (see Figure 2-16). The time slots
of sectors 2A, 2B, 2C, and 2D gain access to memory once every 48 microseconds and can
transfer four characters at a t;ime; thus each time slot has a'data transfer rate of 83,000

characters per second.
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Figure 2-16, Memory Access Distribution in the Type 2071 Processor
and Type 2051A Processor with PM1A50 and PM1B50

Memory Access Distribution of the Type 2061 Processor

In the Type 2061 processor (and the Type 2041A processor with both PM1A40 and PM1B40),
sector 1 (unbuffered) is offered alternate memory access offerings as shown in Figure 2-17. In
a l2-microsecond period, each sector 1 time slot gains one access to memory; thus each sector

1 time slot sustains a data transfer rate of 83,000 characters per second. -

The time slots of sectors 2A and 2D (both buffered) can each transfer two characters with
each access to memory. Each time slot in sectors 2A and 2D gains access to memory once
every 24 microseconds; thus each time slot in sectors 2A and 2D also has a data transfer capa-

bility of 83,000 characters per second.

ELAPSED TIME
IN MICROSECONDS [112]3]4}5 6|718]9(10{11{12[13[14|15]16]17|18]19]20]21j22[23 |24

SECTOR 1
TIME SLOTS 1 2 3 1! 2! 3! 1 2 3 1! 2! 3!

N S L O O N B D

112]3(41(5]|6|7]8{9|10[11]|121314|15|16|17]18|19j20[21]|22[23{24

MEMORY ACCESS

OFFERING l } ‘ ]
muzsiors 21 If lf [2 [2 If'l NENE If' [l T

|
SECTOR 2D sl 112 |3 ]vlz a1z 3 ]1] 2 3.{
TIME SLOTS

Figure 2-17. Memory Access Distribution in the Type 2061 Processor
and Type 2041A Processor with PM1A40 and PM1B40
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Memory Access Distribution of the Type 2071 Processor

In the Type 2071 processor, sector 1 (unbuffered) receives alternate memory access as
shown in Figure 2-16. In a l2-microsecond period each sector 1 time slot receives one access
to memory and may transfer a single character; thus each sector 1 time slot has a data trans-

fer rate of 83,000 characters per second.

Sectors 2A, 2B, 2C, and 2D (all buffered) divide the remaining accesses to memory. Each
time slot in these sectors is capable of transferring four characters at a time, and each receives
access to memory once each 48 microseconds. Therefore, each time slot has a data transfer

rate of 83,000 characters per second.

INTERLOCKING READ /WRITE CHANNELS

In order to achieve data transfer rates in single-character processors higher than those
attainable with a single read /write channel, it is necessary to interlock two or more read/write
‘channels. In this manner, data transfer rates from 167,000 to 500,000 characters per second
are attainable. The same instruction that initiates the data transfer operation specifies whether
channels are to be interlocked. When this procedure is used, all of the cycles normally offered
to the interlocked channels are made available to the single data transfer operation. The trans-
fer rate thus provided is equal to the sum of the rates attainable individually with the interlocked
channels. When the operation is completed, memory cycle allocation returns to normal and
channels are ag.ain offered cycles at the normal intervals. Programming procedures for channel

interlocking are described in Section VIII,

VARIABLE-SPEED READ /WRITE CHANN