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PREFACE

The purpose of this text is to provide a detailed
reference source containing:

1. a functional deseription of the Honeywell
Series 200 Models 200, 1200, and 2200
and their components.

2. a definition of the Series 200 Assembly
System (Easycoder).

3. a detailed explanation of machine opera-
tion codes.
The only prerequisite for a thorough understanding of the
information presented in this manual is a familiarity with
basic data processing terminology. No previous knowledge

of the Series 200 is assumed.

The equipment characteristics reported herein re-
main subject to change in order to allow the introduction

of design improvements.

The following publications are hereby superseded:

Honeywell 200 Programmers' Reference Manual (DSI-214),
Honeywell 2200 Programmers' Reference Manual (DSI-304),
Easycoder 8K Assembly Language (DSI-409), and
Easycoder 12K Assembly Language (DSI-313).
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SERIES 200
COMPONENTS

Honeywell's Series 200 Data Processing System is a set of modularly designed, compatible
models, three of which — the Models 200, 1200, and 2200 — are the subject of this manual.
Each model consists of two basic elements: a central processor, and an array of peripheral
devices connected to that processor. The peripheral equipment in the system can be attached to
any processor, and the number of connectable devices is limited only by the number of trunks

available with any one processor.

The initial member of Series 200 was the Model 200. The capabilities of the Model 200
processor have twice been extended since its introduction. Thus, five central processors are
described herein: the three processors of Model 200 (Types 201, 201-1, and 201-2); the Type
1201; and the Type 2201. The processing power of any one of these types can be increased at
any time by the addition of peripheral devices and/or optional hardware features. This section
describes: (1) the two basic elements of a Series 200 model (processor and peripheral devices);
(2) the manner in which these elements communicate with one another; and (3) the expansion of

processing power that is possible through the addition of optionalhardware featuresto a processor.

CENTRAL PROCESSOR

The central processor is the computing and
control center of a Series 200 model; instruc-
tions processed within the central processor
control the operations of the entire computer.

A Series 200 processor is functionally divided
into three units: stoia'ge, cor_{c_:;ol, and a{ﬂme-
tic. The storage unit provides magnetic core
storage for both the program instructions and

the data to be processed according to these in-

structions; it is also used to contain the resultant

1-1




SECTION 1. SERIES 200 COMPONENTS

data. The control unit directs the operation of the entire computer by selecting, inter&reting,
and controlling the execution of all program instructions. It controls not only the flow of infor-
mation w-i‘thin the central 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.

Included as a part of the central processor is a control panel (see Figure 1-1) which pro-
vides for easy communication between an operator and the computer. By using various control
switches, the operator can start and stop the machine and can load and interrogate memory lo-
cations. The control panel also includes from four to eight SENSE switches which may be used
in conjunction with programmed instructions to stop processing or to select predetermined pro-
gram paths. The use of these switches increases the flexibility of a program, allowing it to be

used in several different applications.

RECORD
ITEM WORD 4 2

Ll
L

4
4 2
4

SYSTEM
STOP  INITIALIZE BOOTSTRAP CLEAR INSTRUCT  RUN INTERRUPT ~ ADDRESS ODE

L]]all@]FP] ) [-]:] v BRI
ONEYWELL 1200

RESET
AC ONAC OFF DC_ONDC OFF

1
i
i

—— Figure 1-1. Type 1201 Control Panel

Another communication medium between the operator and the central processor is the
Type 220 console, of which three versions are available. The Type 220-1 console (Figure 1-2)
contains a typewriter which may 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
progress.’ The central processor control panel remains situated on the processor cabinetry and

is used for the functions described above.

In the Type 220-2 and Type 220-3 consoles (Figure 1-3), most of the control panel functions,
including that of direct access to the processor, are performed by means of the console type-
writer. In addition, the typewriter can perform the peripheral and logging functions described
for the Type 220-1. The central processor control panel is replaced by a smaller control panel

containing only the main power switches, the SENSE switches, and certain check condition
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CENTRAL PROCESSOR

indicators which are located in the bottom row of the control panel shown in Figure 1-1. The
Type 220-3 control panel contains additional indicators used with the Storage Protect Feature

(see page 1~ 17)and the additional SENSE switches used with the larger Series 200 processors.

Figure 1-2. Type 220-1 Console Figure 1-3. Type 220-2 Console

STANDARD PROCESSING MODE

‘The central processor performs arithmetic and logical operations as directed by the in-
structions of an internally stored program. These instructions are read into memory from an
input medium such as punched cards, magnetic tape, or punched paper tape. Control circuitry
within the processor then selects, interprets, and executes these instructions. Normally, the
instructions are executed sequentially. Branch instructions are provided, however, 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 when the processor is interrupted.
Any one of four sources (see below) can '"demand'' access to the central processor by generating
an interrupt signal; this signal turns on a central processor interrupt indicator. An automatic
hardware response is made to this condition: information concerning the current status of the

processor is stored, and a branch is made to a stored routine which identifies and services the

demand. Thus, programmed tests need not be made to detect the presence of an interrupt con-
dition — the entire process of detecting and responding to an interruption is automatic. When
the stored service routine has been executed, control is returned to the main program at the

point where the interruption occurred.
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The four sources of processor interruption are:

1. Peripheral Control — The control connected to any Series 200 peripheral
device can generate an interrupt signal under program control (peripheral
controls are described on page 1-6). For instance, a data communication
control which services one or a number of communication lines and de-
vices 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 temporarily 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. Operator's Control Panel or Console — The operator can interrupt the
central processor by pressing the INTERRUPT button on the control panel
or console.” The source of such '""on-site' interruptions 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 200 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.

4. Storage Protect Violation — The above-mentioned sources cause an ex-
ternal interrupt condition. When a processor contains the Storage Protect
Feature (Types 1201 and 2201 only), an internal interrupt condition, caused
by certain "violations' to storage protection, can also occur. Internal
interruptions are of lower priority than external interruptions, so that a
processor executing an external interrupt service routine cannot be
interrupted by an internal interruption until the routine is completed. The
nature of storage protect violations is described in Appendix E.

PROCESSING POWER

The power of any processor within Series 200 can be defined as the sum of its main
memory size, its internal speed, its degree of peripheral simultaneity, and the number of

optional features which may be added to it.

Main memory size within the Models 200/1200/2200 ranges from a minimum of 2, 048
character locations (Types 201 and 201-1) to 262, 144 locations (Type 2201). Figure 1-4 shows

the modular main memory structures of the five 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 single character location). These speeds range

from two microseconds to one microsecond for the five processors (see Figure 1-5).

1The Types 201 and 201-1 processors cannot be interrupted by sources 2. and 3. above.
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Peripheral simultaneity is a key feature of Series 200 processors. Among the processors
described in this manual, from three (Model 200 processors) to eight (Type 2201 processor)
simultaneous input/output operations can be performed concurrently with internal computing (see

Figure 1-6).

A number of optional features can be included in the Series 200 processors to provide

complete flexibility in specializing any one processor to a user's particular application. Since
some of these features refer to the peripheral capabilities of a processor, they are summarized

at the conclusion of this section.

201 . 20t 201-2 1201 2201

2201
262

. BASIC 201
D OPTIONAL
201-2

201-1

201

Figure 1-5. Main Memory Speed

134

2201

1201

201-2

201-1

201

Figure 1-4. Main Memory Size Figure 1-6. Peripheral Simultaneity
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PERIPHERAL EQUIPMENT

The array of peripheral devices available
with Series 200 processors includes over 40
units: punched card equipment, high-speed
printers, magnetic tape units, paper tape equip-
ment, magnetic tape strip mass memory units,
random access drum units, and various data
communication equipment. Also included are
computer-to-computer adapters, an interval

timer, a time of day clock, MICR reader/sorter

controls, and peripheral switching units which provide extremely flexible Series 200 configu-

rations.

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 de-
scribed in Section 8. By coding various control characters in this instruction, the programmer
specifies the direction of data transfer (into or out of the processor), the specific device involved
in the transfer, the data path over which information is to be transferred, and any other infor-
mation 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 con-
verts 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 the 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.
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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

200 devices connectable to a peripheral control is shown in the following tables.

PUNCHED CARD EQUIPMENT

Series 200 includes a wide variety of peripheral devices not only of different kinds but also
on several performance levels for the same kind, For instance, six different punched card units
are offered: a card reader, three card punches, and two reader/punches. Table 1-1 lists the
card devices available within Series 200. Note that a card device requires either one or two
"I/O trunks, " depending on the number of functions the device performs. The significance of the

I/O trunk is explained on page 1-13.

Table 1-1. Series 200 Punched Card Equipment

Davice No. Devices | No, 1/0 Trunks
Per Control | Redquired by
Type x Function Data Transfer Rate Control
—— |

223 Card Reader 800 cards/minute 1 1
214-1 Card Punch 100-400 cards/minute 1 1
224-1 Card Punch 50-270 cards/minute 1 1
224-2 Card Punch 90-360 cards/minute 1 1
214-2 Card Reader/Punch Read: 400 cards/minute 1 2

Punch: 100-400 cards/minute
227 Card Reader/Punch Read: 800 cards/minute 1 2

Punch: 250 cards/minute

HIGH-SPEED PRINTERS

Five types of printers (see Table 1-2) produce printed reports, listings, etc., at speeds
which vary from 450 to 1, 300 lines per minute. Processed information is printed from any pro-
grammer-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 in-

sert identifying symbols in the data prior to printing.
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Table 1-2. Series 200 High-Speed Printers

| No. Printers | No. 1/O Trunk

. o .. | Per Control | Requiredby

.. . Type . ‘ Data Transfer Rate | { Control
222-1 (96 print positions) 650-1, 300 lines/minute 1 1
222-2 (108 print positions) 650-1, 300 lines/minute 1 1
222-3 (120 or 132 print positions)|650-1, 300 lines/minute 1 1
222-4 (120 or 132 print positions)|950-1, 266 lines/minute 1 1
222-5 (120 print positions) 450 lines/minute 1 1

MAGNETIC TAPE UNITS

Magnetic tape is a compact and highly versatile medium for the storage of programs and
data files. Two complete families of industry-acclaimed tape units are available with Series 200
processors (see Table 1-3): 1/2-inch tape units (10 types) transfer data at speeds ranging from
7,200 to 83,300 characters per second; three types of 3/4-inch tape units read/write from

32,000 to 88, 800 characters per second.

Table 1-3. Series 200 Magnetic Tape Units

204B-1 7,200/20, 000 characters/second 1-8 2

204B-2

204B-3 16, 000/44, 400 characters/second 1-8 2

204B-4

204B-5 24, 000/66, 700 characters/second 1-8 2

204B-6 30, 000/83, 300 characters/second 1-8 2

204B -7 7,200/20,000/28, 800 characters/ 1-8 2
second

204B-8 16, 000/44,400/64, 000 characters/ 1-8 2
second

204B-11 13, 300 characters/second 1-4 2

204B-12

o _ 3/4-Inch Magnetic Tape Units

204A-1 32,000 characters/second 1-4 2

204A-2 64, 000 characters/second 1-4 2

204A-3 88, 800 characters/second 1-4 2
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MASS MEMORY FILE

Honeywell's reputation for reliable magnetic tape control is inherited by the new member
of Series 200, the Mass Memory File. Three types of transports, varying in access time and
capacity, use magnetic tape strips to store programs and data files and thereby complement the
main memory storage capacities of the central processor (see Table 1-4). A single control can
provide access to over two billion characters of stored information. Data transfer rate is

100, 000 characters per second, and average access times are as low as 95 milliseconds.

Table 1-4. Series 200 Mass Memory File Units

Device No. Devices| No. 1/O Trunks
: b Per Control | Required by

Type Function Data Transfer Rate Control
251 | Magnetic Tape Strip Transport |100, 000 characters/second 1-8 2

(15 million characters)
252 ) Magnetic Tape Strip Transport |100, 000 characters/second 1-8 2

{60 million characters)
253 | Magnetic Tape Strip Transport (100, 000 characters/second 1-8 2

(300 million characters)

RANDOM ACCESS DRUM FILE

The Series 200 drum file features a control unit which can direct from one to eight mag-
netic drums, each capable of storing over two million characters of information (see Table 1-5).
Thus, a single drum file subsystemn car have a total capacity of over 20 million characters. Any
record stored on the drum can be accessed in 27.5 milliseconds (average) and can be transferred

at the rate of 102, 000 characters per second,

Table 1-5, Series 200 Magnetic Drum File Units

S No. Devicés | No. I/O Trunks
Thsribis Per Control | Required by

Function Data Transfer Rate Control
270-1 Magnetic Drum (2.6 102, 000 characters/second 1-8 2
through | million characters)

270-8

PAPER TAPE EQUIPMENT

Paper tape is an ideal medium for recording data which originates at locations distant
from a central Series 200 installation and, as such, becomes particularly significant in data
communication networks. A variety of standard commercial codes may be used with this rela-

tively inexpensive medium. Two paper tape devices are offered in Series 200 (see Table 1-6).
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Table 1-6. Series 200 Paper Tape Equipment
Dovics No. Devices | No. I/O Trunks
Per Control Required by
Type . Function | Data Transfer Rate Control .
209 Paper Tape Reader 600 characters/second 1 1
210 Paper Tape Punch 120 characters/second 1 1

DATA COMMUNICATION EQUIPMENT

The immediate and automatic response to an external interrupt source by the Series 200
processor was described previously (page 1-3).

the communication control, of which two different types are available in Series 200.

A common source of external interruption is

These

controls allow the Series 200 processor to communicate with distant locations (e.g., branch

offices, warehouses, etc.) by receiving and transmitting data over toll and leased lines.

Both

single~channel and multi-channel data communication controls are offered; these controls adapt

themselves to a broad selection of lines, speeds, and terminal devices.

device is Honeywell's Data Station (see Table 1-7).

One such terminal

Table 1-7. Series 200 Data Communication Equipment
Device No. Devices|No, I/OTrunk.;
b Per Control {Required by
Type J Function Data Transfer Rate Control
E = =i
Communication Controls
281 Single-Channel Control | Up to 5,100 characters/second 1 line 2
286 Multi-Channel Control Up to 300 characters/second/ 1-63 lines 2
line
” Remote Terminal Dévice
288-1 Data Station Central 120 characters/second n/a n/a
Control
288-2 Data Station Central 120 characters/second n/a n/a
Control & Keyboard
289-2 Data Station Page 10 characters/second n/a n/a
Printer & Keyboard
289-3 Data Station Page 40 characters/second n/a n/a
Printer & Keyboard
289-4 Data Station Paper Tape | 120 characters/second n/a n/a
Reader
289-5 Data Station Paper Tape | 120 characters/second n/a n/a
Punch
289-6A | Data Station Paper Tape| 50 characters/second n/a n/a
Reader/Punch
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Table 1-7 (cont). Series 200 Data Communication Equipment

; No. Devices|No. 1/0 '.{’runks"|
Device ;
Per Control {Required by
Type Function Data Transfer Rate Control
Remote Terminal Device
289-6B| Data Station Paper Tape | 50 characters/second n/a n/a
Reader
289-7 Data Station Card 120 characters/second n/a n/a
Reader
289-8 Data Station Optical 50 characters/second n/a n/a
Bar Code Reader

A major requirement of many communication networks (e.g., inquiry handling or message
switching applications) is fast access to a stored file, Files ma}f sometimes be stored in main
memory, but for large files main memory storage is economically unfeasible. File storage
units (i.e., the Mass Memory File, magnetic tape units, or drum file units) provide the answer

to such mass storage applications.

A typical data communication network is shown in Figure 1-7, The pertinent components
of this system are: (1) a Type 201-2 processor; (2) a Type 251 Mass Memory File transport;
(3) a Type 281 communication control; (4) two DATA-PHONE data setsl; and (5) a Honeywell
Data Station, the remote terminal device. Two particular devices connected to the Data Station
are used in this example: a keyboard by which the inquiry is transmitted to the central proc-

essor, and a page printer which prints the answer to the inquiry in readable form.

PERIPHERAL DATA TRANSFER OPERATION

One of the major features of Series 200 is the degree of peripheral simultaneity that can
be achieved by the various pro;:essors. The Model 200 processors (Types 201, 201-1, and
201-2) and the Type 1201 processor can perform up to four peripheral operations simultaneously;
the Type 2201 processor performs as many as eight simultaneous peripheral operations. While
all these operations are being executed, the central processor continues its internal processing.
The ability to perform simultaneous peripheral operations derives from an internal unit of the
central processor, the input/output traffic control, which guarantees a peripheral control access

to main memory when data is to be transferred. The manner in which the traffic control does

1 . . . R .
A data set is required to convert the data signals used by the communication control to signals
acceptable for transmission over communication lines,
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KEYBOARD ——P

TYPE 288-2 ; : 3 i
DATA STATION 1. Customer inquiry is typed on keyboard in
CENTRAL CONTROL form of a coded message.
PRINTER T
DATA-PHONE
DATASET 2. Message signals are converted to a form
acceptable for transmission line.

3. Message is transmitted over transmission

line.
DATA-PHONE 4. Message signals are reconverted.
DATASET
l 5. Control generates interrupt signal and trans-
TYPE 28I fers incoming message to pre-assigned
g%f%ﬁ”" memory location as directed by interrupt
CONTROL service routine.

v

TYPE 201-2 PROCESSOR
6. Stored interrupt service routine interprets
message and issues instructions to read and

T ] update the customer's record in a file stored
in Type 251 Mass Memory File transport.

DL O O

LX';ES 250 7. Type 250 control directs the execution of the
MEMORY instructions issued by the stored interrupt
FILE
CONTROL program.
8. Customer's record is read and updated ac-
cording to instructions. Record is read into
TYPE 25 pre-assigned location in interrupt routine
MASS MEMORY FILE (in central processor memory), from which
TRANSPORT P ¥h
the answer to the inquiry is sent back to the
Data Station. (Answer to inquiry is printed

by page printer.)

Figure 1-7. Customer Inquiry Handling via Typical Communications Network
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this is explained in Section 2. The data path used by the traffic control to transfer data is'de

scribed below; Figure 1-8 illustrates the basic elements which form this data path.

CENTRAL PROCESSOR

MAIN TRAFFIC PERIPHERAL. PERIPHERAL J

1/0
MEMORY CONTROL CONTROL. DEVICE

1/0
TRUNK

g
PERIPHERAL

INTERFACE

Figure 1-8. Basic Input/Output Data Path

Input/Output Trunk

An input/output trunk permanently connects a peripheral control (and its associated device)
to the peripheral interface. The trunk transfers data either to or from the central processor
and is therefore either an input or an output trunk, depending on the type of device it connects to

the peripheral interface. For example, the I/O trunk connecting the card reader and its associ-

ated control is an input trunk, while the I/O trunk connecting the printer and its control is an
output trunk. A peripheral control which performs both input and output functions (e.g., a mag-

netic tape control) requires two I/O trunks: onefor input operations, and one for output operations.

The maximum number of peripheral controls that can be connected to a Series 200 processor

e i
b

is determined by the number of I/O trunks associated with that processor. For example, the
Type 2201 can contain up to 32 I/O trunks, which means that as many as 32 peripheral controls

can be attached to the processor at one time (see Figure 1-10).

Read/Write Channel

Notice that the data path shown in Figure 1-8 is incomplete: there is no connection across
the peripheral interface. This final link in the data path, known as a ''read/write channel, " is
inserted when the instruction is executed. Unlike an I/O trunk, which is permanently connected

to a peripheral control, the read/write channel is assigned by the programmer to specialize the

data path between a peripheral control and the processor.
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When the programmer codes a Peripheral Data Transfer instruction, he specifies among
other things the peripheral control that is to send or receive the data (and therefore the I/O
trunk connected to that control) and the read/write channel over which the data transfer is to take
place. When the instruction is executed, the specified read/write channel is automatically in-
serted in the periphéral interface. For example, Figure 1-9 shows the data path formed during
the execution of a Peripheral Data Transfer 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 interface and is available for

reassignment by another instruction.

CENTRAL PROCESSOR

1/0
MAIN TRAFFIC CARD
MEMORY CONTROL READER

Figure 1-9. Data Path During Card Read Operation

Read/write channels are the key to the achievable simultaneity in a Series 200 model: the
number of read/write channels associated with a particular processor indicates the number of

peripheral operations that can be performed simultaneously by that processor (see Figure 1-10).

READ/WRITE CHANNELS INPUT/OUTPUT TRUNKS
MODEL (NUMBER OF SIMULTANEOUS (NUMBER OF PERIPHE