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HOW TO USE THIS MANUAL

 This manual provides an introduction to the operation and use of the Wang
Model 2207A I/0 Interface Controller. N '

Its primary purpose is to serve as a clear and concise reference manual for
the users of the Controller Board; it is assumed that the reader is familiar with
the operation of the System 2200 and its BASIC language features, ‘

’
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- MODEL 2207A I/0 INTERFACE CONTROLLER BOARD
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/" Chapter-1;” General Introduction

r~_____ .

The Model 2207A 1/0 Interface Controller provides the capability to inter-
face the Wang System 2200B CPU with a RS-232-C compatible teletype (not supplied
by Wang) or teletype compatible peripherals terminal and laboratory instrumenta-

tion at up to 1200 baud.

This option is available on the System 2200A In limited use only where the
teletype is used only as a "dumb" Input/Qutput terminal. The paper tape cannot
be used with the System 22004,

The Model 2207A describes two standard teietype Signais: BREAK and ESCAPE
(ESC) into HALT/STEP and RESET, respectively, to provide operational control in
the System 2200B.

The System 2200B language contains features that can commznd the Teletype
to perform input or output operations with data or programs. The Model .2207A
operates at switch selectable baud rates (asynchromous) of 110, 150, 300, 600 and
1,200 with either of the following code formats: (a) 1 start bit, 8 data bits
and 2 stop bits, oxr (b) 1 start bit, 7 data bits plus an even parity bit and 2 X
stop bits. S T S I B SVen barLby.2ob ShE.l

The Model 2207A has two modes of operation which can be selected by a
switch., TFor the normal mode, fors operations with a Teletype terminal or Teletype
tape using ASCII characters, the data format of 7 data bits plus even parity bit
is selected. The high order parity bit is stripped when each character is read,
In addition, a break signal, when received, produces a HBALT/STEP command in the
System 22008, and an ESC character (ESCAT.) produces a RESET command in the
System 2200B. fThis functionally,) provides complete System 2200B keyboard
operation using a Teletype. "~~~ ° £S5e el B

reqored

In the second mode, where binary data is wanted< from a Teletype tape or
Teletype compatible instrument, the 8 data bit characters (code) format is
selected. All eight data bits are received in the System 2200B. In addition,
the BREAK and ESC character special decoding is inhibited;”
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MODEL 2207A FEATURES RS-232-C COMPATIBILITY

The EIA (Electronics Industry Association)

N

Standard specifications defining the pin assignment and signals for inter-
connection of Data Terminal Equipment with Communication Channel is called
RS-232~C. The Model 2207A I/0 Interface Controller is designed to be compatible
with the widely used standard RS-232-C.

2200A CPU 22008 CPU

er TF 3 .
The 2207A can be purchased with either the 2200A and- 2200B CPUYE; however,

if the 2200A CPU is ordered, only the keyboard and printer on the teletype can be
used. The 2200A CPU cannot accommodate the paper tape reader, or punch paper
tape; this capability is sanly‘%.gvaﬂ%z‘ on the 2200B. :

UNPACKING AND INSTALLATION
Call your Wang Service Representative and request installation of the Model
2207A 1/0 Controller Board. )
A i
The procedure for unpacking and installation-«ofcthe system for its“use, is
as follows: ‘ S

Carefully unpack all equipment and inspect.the units for shipping damage.
If damage is noticeable do not proceed; notify the shipping agency. Check each
unit received against the purchase order, decals specifying model number can be
found on all Wang equipment.
INSTALLATION

(1) Model 2207A gpntrolier should be plugged into the System 2200 CPU

(2) Commnect CPU to power supply \

(3) Connect teletype cable to 2207A controller board

(4) Plug in power cable of the‘teletype;

(5) Plug in power cable of the power supply




The transmission
milliseconds per character.
total bits-per-character in the format must be known,
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TOTAL BITS PER
CHARACTER
DATA
RATE IN BAUD

110
150
.300
600
1200

TRANSMISSION TIMING 2207A

timing

15.71
21,42
42,85

85.71 -

171.42
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18.75
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data

oL ST '.{“‘T -
LR S TEUR L N

12.22
16.66
33.33
66.66
133.33

e g .-
spE R 2

10

11.00
15.00
30.00
60.00
120.00
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11

10.00
13.63
27.27
54,54
109.09

TRANSMISSION TIMING IN MILLISECONDS PER CHARACTER

TOTAL BITS PER
CHARACTER
DATA
RATE IN BAUD

110
150
300
- 600
1200
(Yoo

A6

63.63
46.66
23.33
11.66

5.83

72,72

53.33
26.66
13.33

6.66

81.81
59.99
30,00
15.00
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10

50.90
66.66

33.33

16.66
8.33
4.17
2 .68

11

1006.00
73,33
36.66
18.33

9.16

is expressable in either character-per-second or
transfer rate is baud and the

i2

9.16
12.50
25.00

. 50.00
100,00

12

109.09
80.00
40.00
20,00
10.00




TELETYPE CONTROL KEYS

HALT/STEP = BREAK

To halt a program the BREAK key must be held down a wminimum of 1/4 of a
second.

RESET = ESC
EDITING KEYS

BACKSPACE

*
Il

LINE ERASE

{/"' A . NOTE:

Conversion of teletype equipment to EIA standard RS-232~-C must be
accomplished by the customer, See Appendix of suggested conversion kits,
‘ . ™ .

[ . .
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Y :
-

50 feet o

]

MAXIMUM CABLE LENGTH




CHAPTER 3
NON-PROGRAMMABLE COMMANDS

BASIC STATEMENTS




DATALOAD /¢ |
el g

S TEE TCLETYPE STATEMENT SYSTEM 2200IF ONLY
= N . SL
General Form: DATALOAD [" " ] argurment list
[xxx, :
where #n = Logical file number to which a device address
: has been assigned (n is integer from 1 t0 6).
T * Axx = Device address of Teletype. Output {41D, 41E or 41F) :
N If neither of the above is specified, the default

device address (the device address currently assigned
to TAPE {see SELECT) ) is used.

. variable
_argument list = \array designator{ ..

]

array designator

array name { ). eg, A$( L, B{ )}

Purpose
This statement reads values from the Teletype paper tape and sequentially assigns those values to the

variables in the argument fist. Numeric values can be assigned 'to alphanumeric variables; values assigned to
numeric variables must be legitimate BASIC numbers. Arrays are filled row by row.

Values are successively read from the tape until alt variables in the list are satisified or until the end-of-
file is encountered {i.e., an X-OFF chxacter is read). When an end-of-file is encountered, the remaining
variables in the list are left with their current values; an IF END THEN statement then causes a transfer to
#he specifind line number. ‘ ‘

FThe System 2200 will auiomatically transmit a X-ON character to the Teletype to start the tape reader,
and a X-OF F character to stop it when reading is completed. .
To be read, the paper tape must contorm 1o the following format:

= =
=2 2 =2 2 "
o o O O b
M M M o )
0w o 2 2 e ow 2 2 7
O o & @ © 4 I =
S N
© o |¢ 2] o le o
o 18 |& e |9 18 e 1st channel
a de o & e leo
. . . . . . . el . sprocket holes
¢ lo je lo eole |o |a
- } -
VALUE e |06 VALUE e |@ 8th channel
)
e

Values are punched in ASCI character code and are separated by CR LF RUBOUT RUBOUT. All other
RUBOQUTS and monpunched frames on the tape are ignored when the tape is read. DATALOAD reads only

the {irst seven channels of the tape; the 8th bit is always read as 0. .
Paper tapes punched on a Teletype via DATASAVE statements conform to this format. To read tape not

“in this fonnat, use the DATALOAD BT statement.

Example:

DATALOAD X, Y, AS, BS

' DATALOAD #3, N{ }, AS
DATALOAD /41D, A1$( ), X, ¥

DATALOAD STR (AS, 1, J)

&
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DATALOAD BT

TELETYPE STATEMENT SYSTEM 2200L°0NLY

f}])} [ '

a0

C‘}General For_m:

) DATALOAD BT [({N-'cxprcssion] , [L

falpha variable
. alpha array designato

o

1alpha-vnriubl

a4 XX
efI'1T lalpha-variabl

Number of characters to read.

v

3 ..

where N
' Leader code character {ignored when reading
until a different character code is read).

If alpha variuble is specified, the first character is
used to specify the leader code.
If L is not specified, no leader code is assumed. -

Stop character.
If alpha voriable is spetilied, the first character s used
to specily the stop code.

Hexadecima! digit (i.e., 0-9 or A-F).

‘Logical file number to which a device address
has been assigned (n is integer from 1 to 6).

#n

dxx Device address of Teletype. Output (41D, 41E, or 41F}

1f neither of the above is specified, the default )
device address {the device address currently assigned to
TAPE (see SELECT}} is used. '

*Commas must separate N, L, S arguments.if more than one is present.

Purpose ) : . 4 :
This statement reads a paper tape and stores the characters read in the alpha variable or alpha array
designator specified. The tape is read until the stop character is encountered, the alpha variable or array is
full, or the number of characters specified by N are read, whichever occurs first. All eight channels of the
paper 1ape are read. ‘ ‘ '
The System 2200 automatically sends

out an X-ON cha.acter to start the Teletype tape reader and an

) (e
o

X-OFF character to stop it. Because {wo additional characters are read after the X-OFF issent, the following

Considerations should be observed. For termination by count {N parameter), the system normally sends out
the X-OFF charactcr after N-2 characters have been read. Therefore, if the number of characters o be read
is specified by N, N should by 3 3. If N = 1 (or 2), the next 2 or {1} characters may be lost. Similarly, if read-
ing is terminated by fitling the variable or array, the number of characters in the variable or array should be
= 3. If a stop character is encountered, the stop character and the next 2 characters are read; the 1ape then
stops. The ‘L' parameter specifies the leader code on the paper tape; when a tape is read, leader code is
ignored (i.c., all characiers read which are equal to the specified leader code character are ignored until a
character not equal to the leader code is recognized). ‘ '

DATALOAD BT permits_ paper_tapes in any format to be read by the Sy
can be converied into a form usable by the System 2200 using System 2200 data manipulation state-
ments, '

s

stem QZOO. The data read then




DATALOAD BT

@ " . i Exgnlp,els:

DATALOAD BT /41D, AS

DATALOAD BT (L=FF, S=0D} #1, AS(")
DATALOAD BT (N = 100} AS( )
DATALOAD BT {N=20, L=00, S=AS} A1S( }
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TELETYPE STATEMENT SYSTLM 22008"ONLY

@Géﬁcraﬁ Form:

‘where | #n

4xx

argument fist

array designator

name

 OPEN
" END

#n OPEN “name’’ . B
" DATASAVE ! END
f4xx,

fl

‘has been assigned {n is integer from 1 to 6).

Punch leader code {50 null characters).

argument fist
Logica! file number to which a device address

Device address of Teletype. Output {41D, 41E, or 41F)

if ncither of the above is specified, the default
device address {the device address currently assigned
1o TAPE {see SELECT)} is used. '

literal string
alpha variable
expression .

array designator,
variable name { }  ({e.g.,, AS{ ), B( }

1 to 8 characters (note, the name is
required but is not used).

Punch X-OFF character and trailer code
(50 null characters).

 Purpose

This statement causes the values specified in the argument list to be punched on paper tape. Numeric

values are written in a form identical to that resulting from a PRINT statement:

Format 1:.
Format 2:

where:

SM.MMMMMMMME+X X
SZ2ZZ2ZZ.FFFFFFF

M = mantissa digits
= exponent digits
= fraction digits
integer digits

1t

VN TR

107 > value = 103

10" <value < 10*13

= minus sign if valug < 0, or blank if value 2 0

Alphanumeric values are written identically to the character string data they contain; trailing spaces in
values of alphanumeric variables are not written. Alphanumeric values must not contain any of the follow-
ing characters: CR, RUBOUT, X-OFF, null. The OPEN parameter writes leader code {50 null characters).
The END parameter terminates the data file by punching an X-OFF character and trailer code {50 null

characters).
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@The paper tape is punched in the following format:

= [
o D =2 2
O O O © =
@ o 0 m
Lo 2 D £ w D 3 o
(S T T L I A s X
o o la e o |o e 15t channo!
0.l6 (¢ e [o |6 @ . .. y
c Jo jo @ o e
P O L T e o b oo 4 o ]i e o« s | o . usprocket holes
Jda le |o (o : ¢ | |o |a ’ :
- 6 (o e |G -
s s S |8
VALUE )
;g 8th channel
7/ :

Values are punched in ASCII character code and are separated by CR LF RUBOUT RUBOUT.

If the Teletype has the facility for turning the tape punch on and off with TAPE-ON and. TAPE-OFF
codes these can be utilized under program control by transm|tt|ng the codes 10 the Teletype by a PRINT
statement prior to and after puncn- ig.

Example:

DATASAVE X, Y, AS

DATASAVE OPEN “TTY"

DATASAVE END

DATASAVE #1, £3( )

DATASAVE /41D, N{ ), AS, X, Y, Z
DATASAVE STR(AS,I J), HEX{FAFB)
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TELETYPE STATEMENT SYSTEM 2200870NLY

C}’Gerherzﬂ Form: DATASAVE BT #n, alpha variable . .
‘ : /4xx, alpha array designator

where #n = Logical file number to which a device addres.
has been assigned (n is integer from 1 to 6). - o

4xx = Device address of Teletype. Output (41D, 41E, or 41F) RN

If neither of the above is specified, the defaull
device address (the device address currently assigned
to TAPE (see SELECT) ) is used.

alpha array designator alpha array name { ) (e.g., AS( ) )

Purpose
This statemes:i punches the values of an alpha variable or alpha array onto a paper tape with no control

information (i.e., no CR LF RUBOUT RUBQUT separating values). Trailing spaces in alpha values are
punched. _ :
DATASAVE BT permits paper tapes to be punched in any format. Any 8-bit codes msy be punched.
if the Teletype has the facility for turning the tape punch on and off with TAPE-ON and TAPE-OFF
codes these can be utilized under program contrel by transmitting the codes 1o the Teletype by a PRINT
statement prior to and after puiching.

Example:

DATASAVE BT 72, AS( }
DATASAVE BT /41D, B1$
DATASAVE BT OS( )




‘ 1 I i
i - TCLETYPE COMMAND SYSTEM 22008 ONLY
5 Je —
. ; . ‘n
General Form LOAD #n,
{Axx,
whert #n = File number 1o which a device address is

currently assigned {n - an integer from 1 to 6).
; \4xx = Device address of device to load from. {41 D, 41E, or 41F)

N If neither of the above is specified, the default device
. address {the dovice address currently assigned to
TAPE (see SELECT)} is used.

Purpose )

When the LOAD command is entered, the program punched on the paper tape is loaded and appended to
the current program in memory. This cormmand permits additions to a current program, or if entered after a
CLEAR command, entry of a new program. ) .

To be read, the paper tape must conform to the following format:

55 55
o O o 0 W
@ M o M Lol
> D e ow 2 D2 ? G
o G a4 = o 'y ® oW K
s o ol lo |e 4 6 le lo | istchannel
G &} e 4] & @ [ =3 (& .
¢ {© o 6 |o
. PR Y L I I P RS als s v ¢ = = ¢ 2 v 8 = |&e o] s o e .sprocket holes
¢ |o | FIRST ¢ lo o lo|  NEXT
& |a | TEXT & o TEXT ¢ |e |o .
© 1] LINE ' ° | LINE e 8th charel
e N
LOPTIONAL

Text lines are punched in ASCI! character code and are separated by Cft LF RUBOUT RUBOUT. The
program is terminated by 3 X-OFF characters. LOAD reads only the first seven channels of the paper tape;
the 8th bit is always read as 0. Nonpunched frames and RUBOUTS are ignored when reading the tape.

LOAD also can be used as a program statement, as described on the next page.

Examples:

LOAD
LOAD #1
LOAD /41D
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Tcxt lines are punched in ASCH character code and are separated by CR LF RUBOUT RUBOQUT. The
program is terminated by three X-OFF characters. LOAD reads only the first seven channels of the paper
tape; the 8th bit is always read as 0. Nonpunched frames and RUBOUTS are ignored when reading the tape.

In immediate execution mode, LOAD is interpreted as a command (sce LOAD command}.

Example:
100 LOAD
100 LOAD #2
100 LOAD /41D
100 LOAD #2, 400, 1000
100 LOAD /41D, 100

s

gN
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TLLETYPE STATELMENT SYSTLM 22000 CNLY

:""3"“'_ 13
quneral Form:

where #n

4w

line number 1

line number 2

[4xx,

m ’ . '
LOAD [“n’ } [Iine number 1 [,!inc number'2]]

File number to which the device is currently assigned

Anis an integer form 1 to 6},

De\nce address of Teletype.

If neither of the above is specified, the default dewce
address {the device address currently assigned to
TAPE (see SELECT)) is used.

The line number of the first line to be deleted {rom the
program currently in memory, before loading the new
program. After loading, execution continues at the line
whose number is equal to ‘line number 1'. An error will
result if there is no line number = ‘line number 1" in the
new program. : N

= The line number of the last line to be deleted from the

program currently i memory, before loading the new
program. : :

Purpose

Thisisa BASIC program statement which, in effect, produces an automatic combination of the followmg

STOP (stop current program exccution)
CLEARP [line number 1 [,line number 2] ] {remove program text)

CLEARN (remove noncommon variahbles only)
LOAD (load new program}
RUN [line number 1] (run new program)

If only ‘line number 1" is specified, the remainder of the current program is deleted starting with that line
number. If no tine numbers are specified, the entire current program is deleted, and the newly loaded pro-
gram is executed from the lowest line number. '

This permits segmented jobs to be run automatically without normal user mtervent:on Common
variables are passed bctween program segments. LOAD misst be the last statement on a statement line,

To be read, the paper tape must conform to the following format:

1st channel

« sprocket holes

8th channel

Tho. LOAD statement must not be within

: 5 5 5 -
O O o © s
m m . m cC O O
jon T °© uw 2 2 - : y g
& o [ S T R T - /7 X ® X
7/ .
3E °le |38 g s s
& =] & v ] [&]
e |e FIRST o (e |lelo NEX
[~ o )
& 161 TEXT 8 |g | TEXT
@11 LINE LINE I,
7 L
(OPTIONAL

NEXT or RETURN statement is encountoered. -

a FOR/NEXT loop or subroutine; an error results whon the

D
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: '_: 1 . ’ JLLETYPE COMMAND SYSTUM F20UFONLY
@ H S o : n . . ‘
General Form : . SAVE in, line number  |,line number
: /4%, . :
where - #n = File number to which device address is assigned

(#1 10 #6).
4xx = Drvice address of Teletype. {41D, 41E, or 41F)

If neither of the above is specified, the default device

A address {the device address currrently assigned to
TAPE, {(see SELECT)) is used.
1st line number .= Starting line number to be saved.
2nd line number = Ending tine number to be saved. -
Purpose . .
The SAVE command causes BASIC programs (or portions of BASIC programs) to be punched on paper
tape.

If no line numbers are specified, the entire user program text is saved. SAVE with one line number
causes all user program lines from the indicated line through the highe$t numbered program line to be
punched on tape. [f two line numbers are entered, all text from the first through the second line number,
inclusive, is punched. '

The paper tape format is:

E 5 5 5 *
c O o O e
gmoo@ m M
D D r ow 2 2 e o Q
Y= O = o ®x K X
///
a o ) a ¢ / e le |o
[+ Q ) Q O [ & & ¢
& le 2] o | @
(] e (]
& | FIRST e EE G NEXT e le (6
9181 TEXT g TEXT
LINE LINE L,y
, 7/

Text lines are punched in ASCII character code and are separated by CR LF RUBQOUT RUBOUT. The
program is terminated Ly 3 X-OFF's. '

Examples:

SAVE

SAVE #3 !
SAVE /41D ‘
SAVE /41D, 100, 200
SAVE #5, 400
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e CHAINING

. One important use of the LOAD statement is in the technique known as chaining. Chaining makes
possible the execution of programs too large 1o be stored in memory. Although this technique is most
commonly used with tape cassettes, it is readily adaptable for use with the paper tape reader. Suppose, for
example, that you have written a program too large for the 8K memory of your machine {remember that
700 bytes are reserved for “housekeeping’ and cannot be utilized for storage of program text or data; since
an 8K machine actually has 8192 bytes of storage space, this leaves about 7500 bytes available for storing
program text). Suppose, further, that your program incorporates a large number of subroutines which are
referred 'to throughout 'the program. The following procedure would allow you to “chain’’ the program and
run it despite the fact that it is too large for memory.

1. Store the subroutines which are common throughout the program in memory {assume they occupy
lines 10-950 and take up 2400 bytes of memory}. -

2. Assume that 2100 bytes are required for the storage of variable data.

3. Write the main program and save it on punched paper tape. The program must be broken up into a
series of segments, or ‘blocks’, designed to fit into the remaining memory space {in this case, 3000
bytes}. Assuming that your main program occupies 6000 bytes, you will need to break it down into
two blocks of 3000 bytes each {i.e., 2400 + 2100 + 3000 = 7500 bytes}.

NQOTE:

Since program text lines have varying lengths, it is often diffi-
cult to estimate how many bytes of memory a program re-
quires. Refer to Appendix B of your System 2200 BASIC
Programming Manual, ‘‘Estimating Program Memory Require-
ments”. )

4. Number the program text lines in each program block with the same sequence of line numbers, starting
with the line number immediately following the fast line of programming in memory (in this case,
since your subroutines occupy lines 10-950 in memory, you would begin numbering the text lines in
each block on tape at 960). '

5. At the end c;f the first block, as the final statement in that block, add a LOAD /618, 860 statement.
6. Insert the tape in the Paper Tape Reader and key.a LOAD command {in Immediate Mode}.

The calculator begins execution of the program immediately after it is stored in memory. It executes
through the main program, diverging 1o subroutines as instructed, and comes finally to the LOAD state-
ment. [t then clears memory starting at line 960, and loads “he next block of program text into the same
space just occupied by the first block. This segment is executed until a second LOAD statement is en-
countered, and the process is repeated. In this way, extremely long programs can be broken down into
segments which will fit into memory, be executed, and then discarded to make room for the next segment.
Operations commonly used throughout the program can, on the other hand, be written as subroutines and

permanently stored in memory.

1st Program Block ' lL.oad ‘ 2nd Program Block

begins at line /618 ‘ begins at line
960 860 960

B

- v .




e ASCII CODES

ASCI{ character code is a standatd-coding system in which each number, letter, and symbol in the ASCI!
character set is assigned a unique 8-bit binary code {although in fact only 7 bits are actually used for the
_ cade, since the 8th bit is reserved in ASCil for parity). In the System 2200B, the 8th bit is automatically

set equal to 0 when read in under LOAD and DATALOAD control; it is actually read only under DATA.-
LOAD BT control}. This 8-bit binary code is, in turn, transtated into a pattern of punches on paper tape.

Consider the following section of a paper tape:

Ty SPROCKET CHANNEL

l CHANNEL 1

CHANNEL 8———%’
GG *ceC

COOOB0 8 O
¢ © e

e @6 r@20Q@0C

8 CHANNELS =
1 FRAME

NOTE:

- In order to read a paper tape properly, always position it 5o’ _ )
" that the three data channels 1-3 are to the right of the sprocket : -
channel and the five data channels 4-8 are to the !eft of the

sprocket channel,

ﬁ“%kfﬂ‘?\ﬂ?e,
Each channel in which a hole is punched is read by the%.2:3 as a ’1"; each channel in which no hole is

punched is read as a 0", Thus each frame on the paper tape really represents a binary value, and each
individual channel represents a binary digit, or bit (Binary digiT}, either 1 or 0, dependmg on whether that
channel is or is not punched.

The binary value punched in the first frame iflustrated above is 10110111; remember, howuver, that the
8th bit is always set equal to O whether it is punched or not, under LOAD and DATALOAD control. Thus
the binary value actually read into the system is 00110111. The table of ASCII codes on page £ shows ~—*
that 00110111 is the binary code in ASCll for the number 7. Therefore, this particular frame of a paper
tape contains the number 7 in ASCII code. You can read any frame on tape in the same fashion, by check-
ing the binary code in that frame and finding the character which corresponds to that code in the ASC]I

table,

. Despite its value as a code whlch is readily translatable into a pattern of punches on tape, hewever, the

notation of the binary system is somewhat ponderous to work with. For this reason, the ‘Hexadecimal
system has been developed as a means of expressing binary values in a shorthand notation. The Hexadecimal
system is to the base 16. Every 4-bit binary value can be expressed by one of the 16 Hexadecimal digits.
Thus every 8-bit binary value can be expressed as a 2-digit HEX number, and therefore every 8-bit binary
code in ASCI! is expressible as a 2-digit HEX number. Frequently in dealing with ASCII codes it is more
efficient to refer to the 2-digit HEX code for a particular character than its equivalent 8-bit binary code, '
The 16 HEX digits with their binary as well as decimal equivalences are listed below {for a more detailed %J'
discussion of the Hexadecimal counting system and the System 2200 HEX function, consult your System '
2200 BASIC Programming Manual}.
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BINARY HEXADECIMAL DECIMAL EQUIVALENCE
0000 0 0
0001 1 1
0010 2 2

0011 3 3
0100 4 4
0101 5 5
0110 6 6
o111 7 7
1000 8 8
1001 9 9
1010 A 10
1011 B 11
1100 C 12
1101 D 13
1110 E 14
1111 F 15

The 2-digit HEX code for each frame of tape is related to the 8-bit binary code in the following way:

CHANNEL 8 j CHANNEL 1

€& QO eGCO

il

B

always set l
equal to
0

0 0
= HEX 3 =HEX7
High-order - Low-order
bits bits

As you can see, the right 4 bits of each 8-bit binary value {tape channels 1-4) are represented by the
right digit of the 2-bit HEX code; they are referred to as Yhe “low-order” bits. The left 4 oits {channels
5-8} are represented by the left digit of the HEX code; they v.called the “high-order’” bits, The binary value

in the above frame, then, is expressed in HEX shorthand as 37. The table on page ﬁshows that HEX 37, like

its binary equivaient 00110111, is the code in ASCII for 7. Often you’ll find it convenient when reading a
tape to convert each frame into a HEX code and then check the table for the characters corresponding to

these HEX codes.
Letters and symbols are handled in a manner exactly anaiogous to nurabers. The letter K, for example

is assigned the binary code 01000001 (HEX 4B) in ASCII. A frame punched with the letter K then, would

look like this:
CHANNEL 8 ___ CHANNEL 1

v Vv,

TR

B

20 .

A

-

v,
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o g mm — Device Selection for System 2200 I/O Operations

Five address codes are designated as Primary Device Addresses in the System 2200 (see Table B-1).
Dovices with these default addresses are “'selected’” automatically whenever the system is Master Initialized
(i.c., power is turned off and then on again). A |

P ' Gt e

TABLE B-1. PRIMARY DEVICE ADDRESSES FOR.THE SYSTEM 2200

DEFAULT.| I/ODEVICE | SELECT Statement
ADDRESS | CATEGORY |-MODPELNUMBER 1\ 0o parameter
0ot Keyboards 2215 or 2222 Cl (console input)
: INPUT
005 CRT 2216 - cO {console output)
' PRINT :
LisT
10A Tape drives 2217 or2218 | TAPE
- 310 Disks 2230 or 2240 DISK -
413 Plotters 12202, 2212, or PLOT
2232
Two or more model numbers in Table B-1 correspond to one default address in several cases. These models )

should be considered as “candidates” for the primary device address. Since device addresses within a
configuration are unique, only one keyboard or one tape drive can be the primary device for a particular
device category. '

Input/output operations for the System 2200 are grouped in eight classes designated by the 1/0 “class
parameters’™: Cf, INPUT, CO, PRINT, LIST, TAPE, DISK, and PLOT. Chart B-1 identifies the 1/O
Operations in each class, and Table B-1 gives the default device address for these classes of 1/0 operations.

To change the device address for particular 1/0O operations, use the SELECT statement. This statement
has other uses; but, in every case, it requires a “‘select parameter’ (see the Reference Manual). When
selecting /O peripheral devices, keep in mind that the sel~ct-statement-parameter is two-fold. It consists of
an 1/Q class parameter and a three-digit device address.

For example, the statement
SELECT PRINT 215

inSU‘UCtS the system to access the Line Printer with address 215 for all-subseq.uent output from Program
Mode PRINT and PRINTUSING state:nents.

To reselect the CRT for this output, use the statement
SELECT PRINT 005
or Master Initialize the system if the memory can be cleared at this point.

~ Two or more devices performing different functions can be selected in one statement by using commas as
device separators. For example, : '

SELECT LIST 215, PRINT 211, TAPE 10C 7
The SELECT verb “assigns” the specified device address to the specified 1/0 class parametér. ‘Using a

& 9\ Y
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5 — Device Selection for System 2200 1/0 Operations

select-statement is analogous to setting an 1/0- class rotor switch which includes the device- address-options

For input as follows:

Chart B-1 I/O Operations and Class Parameters for the System 2200

.. for that class. All subsequent 1/O operations in the 1/O class are “switched™ to the de51gnated device until
_the system encounters another select-statement for that 1/0 class.

For output as follows:

[1) BASIC commands. - r1} Data from Immediate Mode
12} Program text entry. PRINT or HEXPRINT commands.
. 2)  Literal string messages from
For input as follows: (NPUT staternents.
(1) Data for INPUT Cl 3}  Question marks when the system is
statements. c) . awaiting INPUT-class data.
2} Datafor KEYIN 4) Echo of data being received for
statements. / INPUT statements.
For disk 1/0 operatlons INPUT co  |b} Colons wher.w the system is ready
for Cl-class input.
1)  LOAD DC 6) Error .message codes. .
2) SAVEDC _ 1/0 7)  System message other than (3} and
3) DATALOADDC <t DISK CLASS (5).
4) DATASAVE DC . PARAMETERS 8) TRACE mode printouts.
5] DSKIP ' 9)  STEP mode displays.
( 6) DBACKSPACE
i et cetera PRINT For output as follows:
For tape drive 1/O operatnons \ 1)  Data from Program Mode
' PRINT or HEXPRINT statements,
1) LOAD . TAPE 2) Data from PRINTUSING and
2) SAVE LIST ] associated Image statements.
31 DATALOAD PLOT j
4) DATASAVE - : : For output as follows:
5} SKIPnF (1) LIST command.
{6} BACKSPACE nF 2} LIST S command.
7} REWIND 3 LISTn
et cetera . " For output as follows: 4)  LISTmn
1) PLOT
2} PLOT expression 0 _
et cetera -
NOTE:

This chart identifies the inputjoutput operations in the eight
Systern 2200 /O classes. A class parameter {Cl, INPUT, CO,
PRINT, LIST, TAPE, DISK, or PLOT} with a device address
is used in SELECT statements to change or reselect a device
for 1/O operations. The default address for Cl and INPUT
operations is 001 (the keyboard). The default address for CO,
PRINT, and LIST operations is 005 (the CRT).
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- ELLTTTIITTER — ASCHE CONTROL AND GRAPHIC CHARACTERS
* IN HEXADECIMAL AND BINARY NOTATION

.

FORMATS:
HEXADECIMAL CODES: * -HEX (a, a,) - | _
* 7-BIT BINARY CODES: (b, bg by b, by b, b, ) , X
gere a6 oty e . i
THREE BITS o 0 0 1] 1 1 1 1 b 7BIT
(HIGH ——= ¢ o 1 1 0 0 1 1 Tbﬁ BINARY
, ORDEA) 0 1 0 i 0 1 0 1 b,  NotaTion
FIRST HEX o ‘ r HEX
PIGIT—» 0 1 2 -3 4 5 6 .| 7 2,
HIGH ORDER :
( ) ., b, by b0, )
NUL | DLE sp 0 @ P N p 0 o|ojofo0
SOH | DC1 ! 1 A o] a8 q 1 0| 6]°0F1
STX | BC2 " 2 B R b r 2 gic(tyo
ETX | DC3 | # 3 c s | e s 3{lolo] 1]
ECT | DC4 $ 4 D T d t 4 (ol tiofo
c
H ENO | NAK % 5 E U e u 5 o101
A ACK | SYN ¢ 6 F v f v 5 al 1] 1|0
R .
A BEL | ETB | (apos i G W w 7 o] 1| t]1
$ BS | CAN| ! 8 H X h x 8l1(o|0}0
E HT EM } g { Y i % 9 110{0]|1
R LF | suB| * J z i z Allr|oji|o
s
VT | ESC,| + : K [ k|1 g [[1]0f1]1
‘FF FS |iommal < L N\ I v cll1h1]0]0
CR | 65 {gm | = | ™ 1| m } Dfl1[1]ol1
SO | RS {ipeiomr | = N t I Ef1|1]1}0
si-| us | / 2 | o {uner| o | DEL RIRARERUE
- - A [}
' | SECOND HEX FOUR BITS
CHARACTERS DIGIT " (Low
N ' (LOW ORDER) ORDER)
LEGEND FOR ASCII CONTROL CHARACGTERS
NUL | Null DLE | Data Link Escape’
SOH Start of Heading DbC1 Dev'ce Control 1 <
STX Start of Text DC2 Device Control 2
ETX End of Text DC3 Device Contral 3
EOT End of Transmission Dc4 Device Control 4
ENQ | Enquiry NAK | Negative Acknowledge
ACK | Acknowledge SYN | Synchronous Idle
BEL Bell {audible or attention signal} £ETB End of Transmission Block
BS Backspace CAN | Cancel ‘
HT Horizontal Tabulation - EM End of Medium
{punched card skip) . SUB | Substitute
LF Line Feed ESC Escape
VT Vertical Tabulation FS File Separator
FF Form Feed ) GS Group Separator
CR Carriage Return RS Record Separator ¢
SO Shift Qut Us Unit Separator
SI Shift in DEL Delete




i — Device Addresses for System 2200 Peripherals

I/O0 DEVICE CATEGORIES

DEVICE ADDRESSES*

KEYBOARDS (2215, 2222)

CRT  (2216)

TAPE CASSETTE DRIVES (2217,
' 2218)

LINE PRINTERS (2221, 2231)

(2261)
OUTPUT WRITER (2201)
THERMAL PRINTER (2241)
PLOTTERS (2202, 2212, 2232}

. DISK DRIVES  (2230-1,-2,-3)

(2240-1, -2)
{2242, 2243)

MARK SENSE {(MANUAL)
CARD READER (2214)

HOPPER FEED CARD READERS
(2234, 2244)

PUNCHED TAPE READER (2203)

TELETYPE (2207) s

-

001, 002, 003, 004
005, 0086, 007, 008

10A, 10B, 10C, 10D, 10E, 10F

215, 216

211,212

215, 216 {Revised 3/7/74}
413, 414

310, 320, 330

517

629, (029)
618 o -
7019, 01A, 01B  INPUT

01D, 01E, 01F  OUTPUT -

TELETYPE TAPE UNITS
TELLECOMMUNICATIONS (2227)

PARALLEL 1/O INTERFACE (2250)

BCD INPUT INTERFACE (2252)

41D, 41E, 41F

219, 21A,21B  INPUT
21D, 21E, 21F  OUTPUT

23A, 23C, 23E  INPUT
23B, 23D, 23F QUTPUT
{Revised 3/7/74)

25A, 258, 25C, 25D, 25E, 25F

*In some cases, more than one device address is lisied for each device category. Unless otherwise noted, each peripheral device is assigned a
unigue address; device addresses are assigned sequentially. Therefore, if a System 2200 has only one device 'of a particular category (suchasa
tape drive}, it is set up with the first device address listed (10A in the case of the tape drivel. If it has two drives, they are set up with device
addresses 10A and 10B. Each device address is printed on the interface card which controls that device,

& oo -




PREVENTATIVE MAINTENANCE INFORMATICN

~
GUARANTEE

Your Equipment is guaranteed from defects in materials and workmanship for a
period of ninety days (one year Ifor State and Federal Governments).

MAINTENANCE

It is recommended that your egquipment be serviced . A
Maintenance Agreement is available to automatically assure this servicing. If no
Maintenance Agreement is acquired, any servicing must be arranged for by the
customer. A Maintenance Agreement protects your investment and offers the fol-
lowing benefits: :

,Preventive Maintenance: (Annually, Semi-annually, Quarterly)
your equipment is inspected for worn parts, lubricated, cleaned and updated
with engineering changes, if any. Preventive maintenance minimizes
"downtime" by anticipating repairs before they are necessary. ’

Fixed Annual Cost: When you buy a maintenance agreement, you issue only one .
purchase order for service for an entire year and receive one annual
billing, or, more freguent billing, if desired.

_ Purther information regarding Maintenance Agreement can be acguired from
your local Sales Service Office. '

NOTE:

Wang Laboratories, Inc. will not guarantee or honor maintenance
agreements for any eguipment modified by the user. Damage to equip-—
ment incurred as a result of this, will be the financial
responsibility of the user. . ' . J
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, Tao help us 1o provide you with the cht manuals possible, please mal\c your comments and suggestions
l concerning (his publication on the form below. Then detach, fo!d 1ape closed and mail to us. All comments

L and suggustions become the property of Wang Laboratories, Ine. For a reply, he sure to. mclude vour
-.§ name and addiess. Your cooperation is appreciated.
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