


























































































































































main storage simply by estabUshing a mask con­
sisting of aliI bits for the portion to be blocked. 
The comparison is made only on bytes which are not 
masked out by 1 bits in main storage. The data 
area length, however, must always be 270 bytes 
regardless of the mask involved or the number of 
sectors to be Bca:nned. If only ten bytes are to be 
scanned, the data area in main storage must contain 
an additional 260 mask characters completely set to 
1 bits. 

The data address of the CCW speCifies the left­
most main-storage location of the area containing the 
data to be compared with the data on disk storage. 
The number in the sector count portion of the CCW 
(bits 8-15) specifies the number of sectors to be used 
for the operation. A maximum of one cylinder (100 
sectors) can be scanned with one command. 

The count area address in the CCW specifies the 
leftmost main -storage location of the nine-byte count 
area for the first sector to be scanned. 

NOTE: Although the last previous seek operation has 
specified a head to be selected, final head selection 
is performed under control of the count area that is 
used for the scan operation, provided the flag byte is 
not 0000 0001. The cylinder that is used is deter­
mined by the last previous Seek command. 

For multiple sector scans, the count area is 
updated between sectors by the storage control. The 
scan low or equal operation begins when an equal 
compare between the count area in main storage and 
the count area on the disk storage is detected. The 
operation terminates when a data area on the disk is 
fOWld which is lower than, or equal to, the data area 
in main storage, or the number of sectors called for 
in the operation have been scanned without finding a 
low or equal condition. The operation also termi­
nates at the end of any sector in which a data error 
is detected. The status modifier (bit 9 in the CSW) 
is set to indicate that the scan was successful. If an 
equal compare occurs, only bit 9 of the status 
modifier is set to 1. 

If a low compare occurs, the status modifier 
(bit 9 tin the CSW) and not equal scan (bit 8 in the CSW) 
are both set to 1. In addition, the count area for the 
sector on which the compare occurred is now located 
in main storage at the location of the original count 
area. When the scan operation is unsuccessful (no 
compsre), the cOWlt area in main storage contains 
the count field of the last sector scanned. 

Scan Equal: The Scan Equal command compares a 
�2�7�0�~�b�y�t�e� area in main storage with data stored on 
disk storage. The programmer may block the com-

pare of any portion of the 270-byte area in main stor­
age simply by establishing a mask consisting of all 
one bits for the portion to be blocked. The compari­
son is made only on bytes which are not masked out 
by 1 bits in main storage. The length however, must 
always be 270 bytes, regardless of the mask involved 
or the number of sectors to be scanned. If only ten 
bytes are to be scanned, the data area in main stor­
age must contain an additional 260 mask characters 
completely set to 1 bits. 

The data address of the CCW specifies the left­
most main-storage location of the area containing the 
data to be compared with the data on disk storage. 
The number in the sector count portion of the CCW 
(bits 8-15) specifies the number of sectors to be 
used for the operation. A maximum of one cylinder 
(100 sectors) can be scanned with one command. 
Multiple sector scans may start at any sector but 
are valid only for sequentially numbered sectors in 
the cylinder. The count area address in the CCW 
specifies the leftmost main-storage location of the 
nine-byte count area for the first sector to be 
scanned. 

NOTE: Although the last previous seek operation 
has specified a head to be selected, final head 
selection is performed under control of the count 
area that is used for the scan operation, provided 
the flag byte is not 0000 0001. The cylinder that 
is used is determined by the last previous Seek 
command. 

For multiple sector scans the cobnt area is 
updated between sectors by the storage control. The 
scan equal operation begins when an equal compare 
between the count area in main storage and the count 
area on the disk storage is detected. The operation 
terminates when the data area on the disk is found, 
which is equal to the data area in main storage or 
the number of sectors called for in the operation 
have been scanned without. finding an lequal condition. 
The operation also terminates at the end of any sec­
tor in which a data error is detected. The status 
modifier (bit 9 in the CSW) is set to one to indicate 
that the scan was successful. In addition, the count 
area for the sector on which the equal compare 
occurred, is now located in main storage at the loca­
tion of the original count area. When the scan 
operation is unsuccessful (no compare), the count 
area in main storage contains the count field of the 
last sector scanned. 

Scan High or Equal: The Scan lfigh or Equal com­
mand compares a 270-byte area in main storage, 
with data stored on disk storage. The programmer 
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may block the compare of any portion of the 270-byte 
area in main storage simply by establishing a ma,sk 
consisting of alII bits for the portion to be blocked. 
The comparison is made only on bytes which are not 
masked out by 1 bits in main storage. The field 
length however, must always be 270 bytes in length, 
regardless of the mask involved or the number of 
sectors to be scanned. If only ten bytes are to be 
scanned, the data area in main storage must contain 
an additional 260 mask characters completely set to 
1 bits. The data address of the CCW specifies the 
leftmost main-storage location of the area containing 
the data to be compared with the data on disk storage. 
The number in the sector count portion of the CCW 
(bits 8-15) specifies the number of sectors to be 
used for the operation. A maximum of one cylinder 
(100 sectors) can be scanned with one command. 
Multiple sector scans may start at any sector but 
are valid only for sequentially numbered sectors in 

.• the cylinder. The count area address in the CCW 
specifies the left most main -storage location of the 
nine-byte count area for the first sector to be scanned. 

NOTE: Although the last previous seek operation 
has specified a head to be selected, final head 
selection is performed under control of the count 
area that is used for the scan operation, provided 
the flag byte is not 0000 0001. The cylinder that 
is used is determined by the last previous Seek 
command. 

Fot multiple sector scans, the count area is 
updated between sectors by the storage control. The 
scan high or equal operation begins when an equal 
compare between the count area in main storage, 
and the count area on the disk storage is detected. 
The operation terminates when a data area on the 
disk is found. which is higher than or equal to the 
data area in main storage, or the number of sectors 
called for in the operation have been scanned without 
finding a high or an equal condition. 

The operation also terminates at the end of any 
sector in which a data error is detected. The statUs 
modifier (bit 9 in the CSW) is set to indicate that the 
scan was successful. If an equal compare occurs, 
only the status modifier is set to one. If a high 
compare occurs, the status modifier (bit 9 in the 
CSW) and not equal scan (bit 8 in the CSW) are both 
set to one. In addition, the count area for the sector 
in which the high or equal compare occurred, is now 
located in main storage at the location of the original 
count area. When the scan operation is unsuccessful 
(no compare), the count area in main storage- con­
tains the count field of the last sector scanned. 
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Sense: A Sense command transfers a five-byte field 
to main storage which indicates the status of the 
stora,ge control and the status of the selected disk 
storage drive at the completion of the previous disk 
storage operation (other than sense). The data ad­
dress area of the CCW (bits 16-31) specifies the left­
most main storage location of the five-byte field in 
which the status information is to be stored. Bits 8-15 
and bits 32-47 of the CCW are not used for a sense 
operation. The status data stored by a sense opera­
tion has the following format. 

Da to Address of the 
Status Byte last Sector Transferred Sense Data 

o 1 8 

Bit Position 

o 

or Attempted 

23 24 39 

Function 

Not used - set to zero. 

Intexvention Required - this bit set to 1 in­
dicates that the previous operation could not 
be executed because the specified disk stor­
age was not up to operating speed or was not 
turned on. 

2 End of Cylinder - this bit set to 1 indic ates 
that the operation was terminated because 

the end of the cylinder was reached .. Bit 

positions 24-39 contain head number 10 

and record number O. 

3 Equipment Check - this bit set to 1 indicates 
that an equipment malfunction was detected 

during the previous operation. 

4 

5 

6 

7 

Data Check - this bit set to 1. indicates that 
a read error was detected during the previous 
operation or an unequal compare was de­
tected during the previous verify record opera­

tion. 
Seek Check - this bit set to 1 indicates that 

the last seek attempted did not come to a 
normal end. Recovery can be accomplished 
by doing a recalibrate operatipn and then 

repeating the seek attempt. 
No Record Found - this bit set to 1 indicates 
that the lust sector specified in a data opera-
tion cannot be located on the track; or after 

any sector is transferred during a multiple 
sectDr operation, a subsequent sector is not 

in sequence; or during a read count operation 
all count areas on the track had errol'S. 

Track Condition Check - this bit set to 1 
indicates that the flag byte of the count area 

in main storage is not identical tD the flag 
byte recorded on the track during a data op­
eration. The operation is terminated when 

this condition is detected. This condition 
cannot occur on a count and data operation 

~ad count operation. 



Operation Timing (Average) 

Read Data 145 usee + 180 usee + 2.5 (N) ms + 12.5 ms· 

Read Count and Data 145 usee + 180 usee + 2.5 (N) ms + 12.5 ms" 

Read Count 145 usee + 180 usee + 12.5 ms· + 40 usee + 2.5 (C) ms 

Write Dato 145 usee + 180 usee + 2.5 (N) ms + 12.5 ms· 

Write Count and Data 37.825 ms (for ten sectors) 

Verify Count and Data 37.825 ms (for ten sectors) 

Verify Data 145 usee + 180 usee + 2.5 (N) ms + 12.5 ms* 

Seek 145 usee + 220 usee + Access Motion Time 

Reeal ibr-ate 145 usec + 100 usee + Access Motion Time 

Sense 275 usee 

Scan Low or Equal 145 usec + 180 usee + 12.5 ms* + 40 usee + 2.5 (N l ) ms 

Scan Equal 145 usec + 180 usec + 12.5 ms· + 40 usec + 2.5 (N l ) ms 

Scan High or Equal 145 usee + 180 usee + 12.5 ms* + 40 usee + 2.5 (N l ) ms 

N = Number of sectors. Each Sector requires 2.5 ms 
* = This factor of 12.5 ms represents the average rotational delay incurred 

during a large number of operations 
.• C = N umber of count areas unsuecessfu II y attempted 

Nl = Number of sectors unsuccessfully scanned ~ 

IBM 2311 Operations Timing Table 

Bits 8-23 of the status data stored by a sense 
operation contain the main-storage address of the 
.ast sector to be transferred or attempted. For a 
single sector operation the data address is always 
the same'as the data address in the CCW which ini­
tiated the operation. For multiple sector operations 
the data address is always the data address for the 
start of the last sector transferred or attempted. 
The highest available main-storage location cannot 
be used for data because the storage control incre­
ments the data address in the CCW before it detects 
the end of sector indication. If the highest available 
main-storage location is used, a false program check 
indication may be set in the channel status word. 

The contents of bit positions 24-39 of the data 
stored by a sense operation are determined by the 
type of operation performed immediately prior to 
the senae operation. The follOWing shows the con­
tents of bit poSitions 24-39 after each type of 
operation. 

Previous Command 

Read, Write, Verify 

Data (successfully 
initiated) 

Scan (successfully 
initiated) 

Read, Write, Verify 

Count and Data (suc­
cessfully initiated) 

Read Count (successfully 
completed) 

Seek, Recalibrate, 

unsuccessful Read COlUlt, 
or any operation not in­
itiated because of a busy 
or not ready condition. 

Contents of Bit Positions 

24-39 

Head and record number 

of the last count area op­

erated upon. 

Head and record number 

of the original sector. 

Count area address of the 

last sector transferred or 

attempted. 

Count area llddress of the 
last sector transferred or 
attempted. 

Indeterminate; contents 
should not be used. 
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Information stored on a sense operation always 
applies to the last operation executed. For example, 
a read operation on disk storage drive number 1, 
followed by a write on disk storage drive number 2, 
followed by Jl sense operation would store the status 
at the completion of the write operation. The sense 
information for the read operation would be lost. 
The unit address portion (bits 40 -47) of the XIO 
command: for a sense operation is checked to ensure 
that it is a valid operation and that it is for a device 
actually attached to the system. If the unit address 
is not a valid address (0000 0000) the program check 
bit in the Channel Status Word (CSW) is set. If the 
unit address specifies a disk storage drive not 
attached to the system, the operation is terminated 
and the condition code in the CSW is set to 11. 

Channel Status Word (CSW) 

The channel status word is located in main storage, 
starting at location 156 and is six bytes long (bytes 
156-161). The CSW has the following format. 

Residual Sector 
Count 

31 32 47 

~ 

Bits 0-19 of the CSW are replaced by new status in­
formation, under the following conditions: 

1. At'the time a seek or recalibrate operation is 
initiated or rejected. 

2. At the time a data transfer or sense operation 
is rejected, terminated,or completed. 

3. At the time a seek or recalibrate operation is 
completed and the interrupt is accepted and 
cleared. 

At the time a data transfer (other than sense) is 
rejected, terminated, or completed, bits 20-47 of the 
CSW are also stored. Bits 24-31 indicate the resid­
ual sector counts, i. e. , the number of sectors which 
were not satisfactorily completed during the data 
transfer operation. Bits 20-23 are set to zero. Bits 
32-47 indicate the address of the CCW of the last 
command initiated. On a seek, recalibrate, or sense 
operation, bits 20-31 of the CSW are set to zero. 
The residual sector count is the actual number of 
sectoTs not satisfactorily completed. If the sector 
count in the CCW was 8 (indicating 8 sectors) and 
no sectors were successfully completed, the residual 
sector count is 8. When the CSW is stored, bits 
0-7 identify the 2311 Disk Storage for which the 
CSW applies: 
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Unit Address: This unit address, in bit positions 
0-7, identifies the 2311 Disk Storage for which the 
CSW applies: 

Bit Position Function 

0-5 Not used - set to zero 
6 Disk Storage number 2 - this bit set to 1 

indicates that 2311 Disk Storage number 2 
has been selected. 

7 Disk Storage number 1 - this bit set to 1 
indicates that 2311 Disk Storage number 1 
has been selected. 

For all operations other than sense operations, 
the unit address in the CSW is identical to the unit 
address which was specified in the B2-D2 fields of 
the last XIO command. For a sense operation, the 
unit address in the CSW identifies the last 2311 Disk 
Storage selected prior to the sense operation. 

A unit address which is aU zeros is invalid and 
results in a program check condition. 

0000 0001 
0000 0010 

drive 1 
drive 2 

Unit Status: The unit status, bits 8-15 in the CSW, 
contains the following information. 

Bit Position 

8 

9 

10 
11 
12 
13 

11=0 I 12=0 

13=1 

11=0\ 12=1 
13=0 

Function 

Not Equal Scan - this bit is set to 1 when 
a low or high condition, specified by a 
scan low or equal or scan high or equal 
respectively, is satisified. 
Status Modifier - this bit is set to 1 when 
any condition specified by a scan operation 
is satisfied. This bit is set to 1 with bit 11 
(busy bit) to indicate control unit busy. A 

control unit busy condition is indicated at 
any time a disk storage operation is attempt­
ed during the fiJst 15 milliseconds of a 
previously initiated recalibrate operation. 
Not used - set to zero. 

Busy I Combinations of these 3 
Channel End bits are used to indicate 
Device End specific conditions en­

countered during the op­
eration. Refer to the 
following list for detailed 
conditions. 

This combination indicates that a program 
interruption due to the completion or 
termination of a seek or recalibrate opera­
tion has occurred. A seek or recalibrate 
operation is terminated if the disk storage 
is tumed off. 
This combination indicates that a seek or 
recalibrate operation requiring access motion 
was successfully initiated. 



Bit Position 

11:::0 I 12=1 
13=1 

11=1 I 
12:::0 
13=0 

11=1 I 
12:::0 
13=1 

14 

Function 

Thls combination indicates that a data or 
sense operation was completed, or that a 
seek operation which requires no access 
motion was completed. 
This combination indicates that the speci­
fied disk storage drive is busy executing a 
previously initiated seek or recalibrate 
operation. 
This combination indicates that the selected 
disk storage drive had a seek or recalibrate 
intenuption pending that was masked off. 
The specified command is not initiated; the 
pending intenupt is serviced and the request 

is cleared. 
Unit Check - this bit is set to 1 to indicate 
that one of the following conditions exists 
on the selected disk storage. Manual inter­
vention or programming may be necessary 

due to: 
1. Data Check. 
2. No record found. 
3. Intervention required. 
4. Track condition check. 
5. Equipment check. 
6. End of cylinder. 
7. Seek check. 
A Sense command can be used to determine 
which of the above seven conditions caused 

this bit to be set. 
15 Not used - set to O. 

Channel Status: The channel status, bits 16-19 in 
the CSW, contains the following information: 

Bit Position 

16 
17 
18 
19 

Function 

Not used - set to zero 
Not used - set to zero 
Not used - set to zero 
Program Check - this bit is set to one to 
indicate any of the following conditions: 
1. Bit positions 40-47 (unit address) of 

the number derived from the B2-D2 
fields of an XIO instruction contained 
all zeros. 

2. Bit positions 0-7 (commmd code) of the 
CCW contained an invalid comm.md. 

3. Bit positions 8-15 (sector count) of the 
CCW were greater than ten for a read 
count and data operation, or were not 
equal to ten for a write count and data 
or a verify operation, or were zeros. 

4. Bit Positions 16-31 (data address) of the 
CCW exceeded the limit of available 
main storage or referred to the protected 
fbst 144 bytes of main storage. 

5. Byte 4 of the seek address (cylinder 
number) in main storage exceeded 202 
for a 2311 model 11 or 102 for a 2311 
model 12. 

Bit Position Function 

6. Byte 6 of the seek address (head num­
ber) exceeded nine, or the head num­
ber specified in the count area for a 
data or scan operation exceeded nine. 

7. An address encountered during the op­

eration exceeded the limit of available 
storage. This overflow condition also 
sets the channel end and device end in 
the CSW. 

CONTROL I/O AND TEST 1/0 AND BRANCH 
INSTRUCTIONS 

A Control I/o or a Test I/O and Branch instruction 
with a device address of 8 is treated as a no-opera­
tion. A CSW is not stored and the condition code is 
not affected. 

Condition Code 

The condition code in the Program Status Word (PSW) 
is set at the time a data transfer operation is rejected, 
terminated, or completed, or at the time a seek op­
eration is rejected or initiated. The condition code 
is also set on a sense operation. 

Condition Code Set to 01: The condition code is set 
to 01 at the time a data transfer or a sense opera­
tion is rejected, terminated, or completed, or at the 
time a seek or recalibrate operation is rejected or 
initiated to indicate that the CSW was stored. 

Condition Code Set to 10: The condition code is set 
to 10 at the time a data transfer operation (other than 
sense) is rejected, due to a channel busy condition. 
Channel busy is the condition existing when time 
shared System/360 Model 20 input/output operations 
are in progress. No CSW is stored under this condi­
tion. 

Condition Code Set to 11: \ The condition code is set 
\ 

to 11 at the time a data transfer, sense, recalibrate, 
or seek operation is rejected due to a not opera­
tional condition. A not operational condition is de­
fined as one in which the unit, address in the XIO 
command calls for a disk storage address greater 
than 2, or one in which the addressed disk drive is 
not attached. No CSW is stored under this condition. 

Interrupt 

A request for interruption of the System/360 Model 
20 program by the storage control can occur at the 
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completion or termination of the seek or recalibrate 
operation. An interruption can occur in the 2020 
only when the channel mask bit (bit 7 in the PSW) is 
1 and after the execution of the current instruction is 
completed. A burst mode I/O data transfer is the 
same as a processing operation in this respect. An 
established priority among requests for interruptions 
exists. A request for interruption from disk storage 
on the storage control, remains pending until an 
interruption due to that request occurs. When a 
disk storage attached to the System/360 Model 20 
causes an interruption, the storage control is identi­
fied by device address 8 in bits 8-11 of the old PSW 
stored in main storage, starting at location 0144. 
The type of operation or function completed is not 
identified in bits 12 -15 of the old PSW. These bits 
are set to O. The disk storage that caused the in­
terruption is identified in 'bits 0-7 of the CSW. 

ERROR CONDITIONS 

Error conditions associated with operations con­
trolled by the storage control can be determined by 
examining one or more of the following indications: 

1. Programming error stop. 
2. Condition code in the PSW. 
3. Channel status word settings. 
4. Sense information. 

Programming Error Stop 

A programming error stop occurs under the follow­
ing conditions: 

1. The direct or effective address derived from the 
BI-Dl fields of the XIO instruction exceeds the 
limit of available main storage or refers to the 
protected 144 bytes of main storage. 

2. The nwnber derived from the B2-D2 fields in 
the XIO instruction contained all zeros. 

Condition Code in the PSW 
I 

The condition code in the PSW has the following three 
valid settings: 

1. Condition code set to 01. This setting indicates 
that a C SW was stored and should be examined. 
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This setting' also indicates that the disk stor­
age specified could be attached to the system and 
that the operation was attempted with no inter­
ference from other System/360 Model 20 time 
shared input/output operations. 

2. Condition code set to 10. This setting indicates 
that a data transfer operation (other than a sense 
operation) was rejected by the storage control 
because a System/360 Model 20 time shared 
input/output operation was in progress. No CSW 
is stored for this condition code setting. 

3. Condition code set to 11. This setting indicates 
that the unit address (bit positions 40-47) portion 
of the XIO command specifies a disk storage 
numbered higher than 2, which is the maximum 
number of disk storage drives that can be attach­
ed to a System/360 Model 20. 

Channel Status Word Settings 

A condition code setting of 01 in the PSW indicates 
that a CSW was stored because of a condition de­
tected during the operation. Examination of the con­
tents of the CSW is a convenient means for the pro­
grammer to check for the following conditions: 

1. The operation was rejected because the selected 
disk storage was busy executing a previously in­
itiated seek or recalibrate operation. Bit posi­
tion 11 (busy) is the only unit status bit set to 1. 

2 . The operation specified was rejected because the 
selected disk storage had a seek or recalibrate 
interruption pending. The interruption was then 
accepted and cleared. The unit status bit posi­
tions 11 (busy) and 13 (device end) are set to 1. 

3. A seek or recalibrate operation requiring acces: 
motion was initiated. Bit position 12 (channel 
end) is the only unit status bit set to 1. 

4. The data transfer or sense operation was success­
fully completed or if a seek operation was speci­
fied, no access motion was required. Bit posi­
tions 12 (channel end) and 13 (device end) in the 
unit status are set to 1. 

5 . A seek or recalibrate interruption occurred and 
was accepted by the storage control. Unit status 
bit position 13 (device end) is set to 1. 

6. A successful equal scan operation is indicated 
by bit positions 9 (status modifier), 12 (channel 
end), and 13 (device end) in the unit status being 
set to 1. 

7. A successful high or low scan operation is in­
dicated by bit positions 8 (not equal scan), 9 
(status modifier), 12 (channel end), and 13 
(device end) in the uilit status being set to 1. 

8. An operation is terminated by the detection of a 
program error. Bit position 19 (program check) 
in the channel status is set to 1. 

9. An operation was rejected by the storage control 
because a previously initiated recalibrate opera­
tion is in progress. During the first 15 ms of a 
recalibrate operation the storage control is busy, 



and if an operation is rejected during this 15 ms 
interval, unit status bit positions 9 (status modi­
fier) and 11 (busy) are both set to 1. 

10. An error occurred which prevented the success­
ful completion of the operation. Detailed in­
formation about the error condition can be ob­
tained by performing a sense operation. Unit 
status bit position 14 (unit check) is set to 1; 
other bit positions mayor may not be set to 1. 

Sense Information 

A sense operation is a convenient means for the pro­
grammer to determine what happened during the 
previous operation to cause an error condition. 

A sense operation transfers a five-byte field to 
main storage to indicate the status of the storage 
control and the status of the selected disk storage 
at the completion of the previous disk storage opera­
tion (other than sense). The data address area of 
the CCW, bits 16 -31, specifies the leftmost main­
storage location of the five-byte field in which the 
status information is to be stored. Bits 8 -15 and hits 
32 -47 of the CCW are not used for a sense operation. 
The status data stored by a sense operation has the 
following format. 

.1 Status 

I Byte 

a '78 

Bit Position 

a 
1 

2 
3 
4 
5 
6 
7 

Data address of the last 
sector transfen-ed or 

attempted. 

Function 

Not used - set to zero 

Intervention required 

End of cylinder 
Equipment check 

Data check 
Seek check 
No record found 
Track condition check 

Sense data] 
23 24 39 

Intervention. Required and Equipment Check: If the 
status byte has bit position 1 (intervention required) 
or bit position 3 (equipment check) set to 1, the pro­
gram should retry the operation eight to ten times. 
If the error condition persists, the program should 
be halted, and the operator should turn off the asso­
ciated disk storage and then turn it back on to reset 
any unsafe conditions that might exist. Retry the 
operation another eight to ten times. If the error 
condition persists, further operation on this disk 
storage should not be attempted until the cause of the 
error has been corrected. 

For this type of error, the condition code in the 
PSW is set to 01 and unit status bit positions 12 
(channel end), 13 (device end), and 14 (unit check) in 
the CSW are set to 1. If a multiple sector opera­
tion was in progress when the error condition oc­
curred, any data preceding the addres s in bit posi­
tions 8-23 of the sense data is valid. 

Data Check: If the status byte has bit position 4 
(data check) set to 1, a data error was detected in 
data read from disk storage, or during a verify 
operation, the data in main storage is not identical 
with the data recorded on disk. For a read operation 
error, the program should retry the read eight to ten 
times. If the error persists, an audit trail procedure 
may be necessary to recover the data. 

For a verify operation error, the program should 
retry the verify eight to ten times. If the error per­
sists, the program should repeat the previous write 
operation and retry the verify eight to ten more times. 
If the error persists, the track should be considered 
defective and flagged as such. (See Da.ta Recovery 
and Flagging Procedures.) 

For a data check, the condition code in the PSW 
is set to 01 and unit status bit pOSitions 12 (channel 
end), 13 (device end), and 14 (unit check) in the CSW 
are set to 1. 
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If a multiple sector operation was in progre~s 
when the error condition occurred, any data pre­
ceding the address in bit positions 8-23 of the sense 
data is valid. 

No Record Found: If th~ status byte has bit position 
6 (no record found) set to 1 during a data operation, 
one of three conditions may exist: 

1. The first sector could not be found on the track. 
2. On a multiple sector operation, after the first 

sector has been fOWld, one of the subsequent sec­
tors was not in sequence. 

3 . On a count and data operation a read or verify 
error was detected in a count area. 

If the first sector could not be found, the residual 
count in the CSW is the same as the sector count in 
the CCW that initiated the operation. 

The program should retry the operation eight to 
ten times. If the error persists, the program should 
do a recalibrate operation, then reseek to the same 
address and retry the operation eight to ten more 
times. If the error persists, a read count and data 
operation should be done and the count area examined 
to determine if the seek operation was successful. 
If the seek operation was unsuccessful the cause 
should be located and corrected. 

If the seek was successful, and the count area 
for the sector is wrong, the track should be re­
written using a write count and data operation. Do 
a verify' operation next to ensure that the track is not 
defective. If the verify operation is unsuccessful, 
the track should be considered defective and flagged 
as such. (See Data Recovery and Flagging Pro­
cedures.) 

If this type of error occurs after the first sector 
of a multiple sector operation, the residual count in 
the CSW is less than the original sector count in the 
CCW. Bit positions 24-39 of the sense data contain 
the address of the sector in which the error occurred. 

For this type of error, the condition code in the 
PSW is set to 01 and unit status bit positions 12 
(channel end), 13 (device end), and 14 (unit check) in 
the CSW are set to 1. 

Track Condition Check: If the status byte has bit 
position 7 (track condition check) set to 1, a data 
operation was attempted but the track condition bits 
in the flag byte in main storage are not identical to 
the track condition bits in disk storage. This error 
could mean that the track is either a defective or an 
alternate track t and a read count operation should 
be done to get the alternate track address. 

This error does not occur as a result of the con­
dition of the track. This error indicates only that 
the track condition bits in the flag byte in main stor­
age are not identical to track condition bits recorded 
in disk storage. 

For this type of error the condition code in the 
PSW is set to 01 and unit status bit positions 12 
(channel end), 13 (device end), and 14 (unit check) in 
the CSW are set to 1. 

End of Cylinder: If the status byte has bit position 2 
(end of cylinder) set to 1, a multiple sector scan or 
data operation was attempted with a sector count 
greater than the available sectors in the cylinder. All 
sectors within the cylinder were handled successfully. 
A seek operation is necessary if the programmer 
wishes to continue processing in another cylinder. 

For this type of error, the condition code in the 
PSW is set to 01 and unit status bit po~itions 12 
(channel end), 13 (device end), and 14 (unit check) in 
the CSW are set to 1. 

Seek Check: If the status byte has bit position 5 (seek 
check) set to 1, the disk storage did not~successful1y 
complete the seek operation. A recalibrate operation 
followed by another seek operation should correct this 
condition. 

For this type of error the condition code in the 
PSW is set to O~ and unit status bit position 14 (unit 
check) in the CSW is set to 1. At the time this con­
dition is detected, the storage control does not indicate 
a seek check. Seek check is indicated when the next 
operation is attempted on the same disk storage. 

Defective Surface s 

With the high density magnetic recording techniques 
used in the 2311, minute particles of contamination 
can cause disk surface damage during the life of the 
disk pack. While experience with magnetic record­
ing surfaces indicates that surface damage resulting 
in unreadable areas is a rare occurrence, a means 
for identifying these defective areas is provided in 
the flag byte of the count area. 

An entire track can be flagged as defective by 
setting the track condition bits in the: flag byte of the 
count area. There are three possible settings of the 
track condition bits: 

1. U sable original track. Track condition bits are 
set to 00. In this case, the track address por­
tion of the count area is identical to the actual 
address of the track in disk storage. 
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2 . Defective original track. Track condition bits 
are set to 10. In this case, the track address 
portion of the count area is identical to the ac­
tual address of the alternate track. All ten sec­
tors on the track are flagged as defective, and 
all tel\. sectors contain the alternate track ad­
dress in the count area. 

3. U sable alternate track. Track condition bits 
are set to 01. In this case, the track address 
portion of the count area is identical to the ac­
tual address of the original defective track. 

Data Recovery and Flagging Procedures 

If a track contains a defective area, either during 
initial formatting of the track or on a subsequent 
attempt to read or verify data written on the track, 
the following procedures may be used to recover 
data, flag the track, and assign an alternate track. 

Data Recovery 

If the defective track was detected during a verify 
operation after a write count and data operation, the 
data to be written should still be available in main 
storage. Sectors which were written and verified 
successfully, prior to the sector in which the error 
occurred, can be recovered by a read operation. 

If the defective track was detected during a read 
operation, the data for the sector in which the error 
occurred cannot be recovered from disk storage. In 
this case, data recovery may require the use of an 
audit trail procedure to reconstruct the data. 

If the defect was in the count area, the data may 
be recovered by using a read count and data opera­
tion. If the status byte has bit position 6 (no record 
found) set to 1 and all other bit positions in the byte 
set to 0 (after the read count and data operation) the 
count area is unreliable, but the data area is good. 
The count area for that sector may be reconstructed, 
using an audit trail procedure, and the remaining 
sectors may be recovered by using a read data op­
eration. 

Assigning an Alternate Track: The assignment of 
data tracks and alternate tracks is flexible and the 
user can allocate data and alternate tracks as needed 
within the total available. The 2311 model 11 has 203 
tracks available; the 2311 model 12 has 103 tracks 
available. A typical assignment of data tracks for a 
2311 model 11 and 2311 model 12 is: 

76 

Any data track determined to be defective can 
be assigned an alternate track address. Spare 
tracks, not already assigned as data or alternate 
tracks, can be determined by keeping a table of avail­
able tracks. 

Copying Data On an Alternate Track: The data from 
the defective track should be set up in main storage 
with the count area identical to the actual address of 
the original track. The track condition bits in the 
associated flag byte should be set to 01. Since heads 
are selected from the count area in main storage 
during data operations, care must be taken to ensure 
that the head address in the count area written on the 
alternate tracks is identical to the head address in 
use. Write count and data operations can be used to 
copy the data onto the alternate track. If the head 
used for the alternate track is different from the head 
used for the d~fective track, the programmer must 
store the defective track head address in main stor­
age to ensure that the program can resume disk stor­
age operation in the right location. 

Flagging a Defective Track 

The defective track may be flagged by setting up 
the count and data areas in main storage to write 
270 bytes of zeros for the data area; for the count 
area in main storage, set the track condition bits in· 
the flag byte to 10 and set in the alternate track ad­
dress. All of the ten sectors on the track must be 
written in this format, using a write count and data 
operation. 

Typical Alternate Track Procedure 

During normal disk storage operations the track con­
dition bits of the flag byte in main storage should be 
set to 00 for a usable original track. If the status 
byte has bit position 7 (track condition check) set to 
1 during the operation, the track has been flagged as 
a defective track. In this case, the programmer 
should do a read count operation to recover the alter­
nate track address; then do a seek operation· to the 
alternate address derived from the count area of the 
defective track. The data on the alternate track can 
now be processed as if it were on the original track. 

The track condition bits of the flag byte in main 
storage must be set to 01 to process the data on an 
alternate track, and the head address in the count 
area in main storage should be identical to the head 
address in use. After processing an alternate track, 
disk storage operations can continue by doing a seek 
operation to the next track to be processed. 



IBM 1419 MAGNETIC CHARACTER READER 

rhe 1419 Magnetic Character Reader can be attached 
to a System/360 Model 20 through a Serial Input/ 
Output Channel (SIOC). The 1419 reads into the sys­
tem the magnetically inscribed information on checks 
and other banking documents at speeds as high as 
1,600 documents per minute. Documents can be 
sorted into -as many as 13 classifications as they are 
read. All magnetic inscriptions can be checked for 
validity. 

Documents read by the 1419 Magnetic Character 
Reader may be of intermixed sizes and thicknesses, 
as typically encountered in check-handlingoperations. 
The standard minimum length is six inches; shorter 
documents, such as the 51-column postal money 
order, can be read into the System/360 Model 20 at 
a maximum rate of 1,960 documents per minute. 
.Shorter documents (which may be intermixed with 
standard-length documents) can be sorted if the 
optional (no charge) feature for this purpose is in­
stalled. 

Many special features are available for the 1419, 
including an endorser that prints a full endorsement 
on the back of each document at no reduction in 
operating speed. 

Instructions 

fhe 1419 Magnetic Character Reader operates 
through the Serial I/O Channel (SlOC) of the System/ 
360 Modei 20. The SIOC is identified by a device 
address of 6. 

An Engage 1419 instruction must be given to start 
document feeding. A Read From 1419 instruction 
notifies the CPU to accept information as it is avail­
able from the document. A Select stacker Pocket 
instruction must precede the arrival of a document 
at photocell number 6. A Disengage 1419 instruction 
stops the flow of documents. 

Transfer Instruction (XIO) 

OP 

Code 

DO 

I 
DA 

6 

FS Function 

2 Read From 1419 

The direct or effective address is derived from 
the B1-til fields of the instruction and specifies the 
rightmost data location in core storage. Length of 
the data transferred is derived from the B2-D2 fields 
of the instruction. 

When the Read From 1419 instruct.ion is terminated, 
the low order byte (residual count) of the field length 
specification is stored in main-storage location 155. 

A Read From 1419 instruction causes a serial 
transfer of characters from the 1419 to the CPU. 
The CPU ac.cepts each character as the 1419 makes 
it available. The CPU is free for other processing 
during a read operation except for 55 microseconds 
per character. 

The first character or symbol transferred is 
placed in the rightmost (highest) core-storage 
position specified by the instruction and subsequent 
characters enter successively lower core -storage 
locations. 

The read operation is terminated by an end of 
data signal which occurs when the trailing edge of a 
document passes the read head (or when a specified 
character count has been exceeded) whichever occurs 
first. An end of data signal also occurs as a result 
of a jam or stop delay during a read operation. 
Therefore, a separate Read From 1419 instruction 
is required for each document. 

Failure to provide a Read From 1419 instruction 
before the leading edge of a document is sensed at 
the read head causes the document to be rejected. 
An interrupt is requested when a read operation is 
terminated. 

An early interrupt occurs when the leading edge 
of a document is sensed at Photo Docu ment Sensor 5 
(PDS 5) if a read operation is still in progress for 
that document. This interrupt indicate s that approxi­
mately six inches of a document have passed the read 
head, but this does not end the read operation. The 
early interrupt is used for establishing the stacker 
pocket destination for the document. 

Condition Code Setting 

The condition code is set to 00, 01, or 11 at the time 
the execution of an XIO instruction for the SIOC is 
completed to indicate that the Sloe is available, 
working, or not operational. 

The transfer of data, as specified in the XIO 
instruction, is initiated only when the Sloe is in the 
available state. The SIOC is available when the 1419 
is attached, no previous read or write operation is in 
progress, no read transmission error condition 
exists, and the 1419 is ready for operation. 

The 1419 is ready for operation when a Read 
From 1419 instruction is issued and no jam or stop 
delay is present, and at least one of the following 
conditions exists; 

77 



Separator on. 
Document between separator and PDS 3. 
Document recognized at PDS 4. 

The Sloe is working or busy when a previous 
read or ~ite operation is in progress. 

The SlOe is not operational if the I/O device (the 
1419) is not attached or is not ready for operation. 

Test I/O and Branch Instruction (TIOB) 

OP 
Code DA FS Function 

9A 6 1 Document to be read 

9A 6 2 Document under read head 

9A 6 3 Amount field valid 

9A 6 4 Process control field valid 

9A 6 5 Account No. field valid 

9A 6 6 Transit field valid 

9A 6 7 Serial No. field valid 

9A 6 8 Auto Select 

9A 6 9 Read transmission error 

9A 6 A Jam/sort check 

By means of the TIOB instruction, the line defined 
by the function specification is tested; if the condi­
tion indicated by the line exists, the updated instruc­
tion address is replaced by the branch address. If 
the condition does not exist, normal instruction 
sequencing proceeds with the updated instruction 
address. 

Document to be Read: This indicator is on when 
there is a document between the separator and the 
read head. It turns off when a document leaves the 
read head, but no trailing document is between the 
separator and the read head. The indicator remains 
off Wltil another document leaves the separator. The 
indicator is also turned off by a right or left feed jam. 

Document Under the Read Head: This indicator turns 
on when the leading edge of a document is sensed by 
photocell 4 (at the read head). It turns off when the 
trailipg edge of the same document passes the read 
head. It is also turned off when a document jams 
between the separator and the read head. 

Valid Amount Field: This indicator turns on when 
the amount field has been completely read without 
errors. The indicator turns off when the leading 
edge of the next document is sensed at the read head. 
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The indicator does not turn on if: 

1. Any of the characters in the amount field (inclue' 
ing the amount-field special symbols) are un­
readable. 

2. Amount field symbols are miSSing or out of 
sequence. 

3. The field is miSSing. 
4. The field length is invalid. 

Valid Process-Control Field: The indicator turns on 
when the process-~ontrol field has been completely 
read without errors •. It turns off when the leading 
edge of the next document is sensed at the read head. 

The indicator does not turn on if: 

1. Any of the. characters in the process-control 
field (including the special symbol) are unread­
able. 

2. The field is missing. 
3. Special symbols are out of sequence or missing. 
4. The field length is invalid (fixed-field lengths 

only). 

Valid Account-Number Field: This indicator turns on 
when the account-number field is read correctly. It 
turns off when the leading edge of the next document 
is sensed at the read head. 

The indicator does not turn on if: 

1. Any of the characters in the account-number field 
(including the special symbol) are unreadable. 

2. Special symbols are miSSing or out of sequence. 
3. The field is missing. 
4. The field length is invalid (fixed-lengths only). 
5. The self-checldng account-number device (spe­

cial feature) indicates the account number is in 
error. 

Valid Transit-Number Field: This indicator turns on 
when the transit-number field is read correctly. It 
turns off when the leading edge of the next document 
is sensed at the read head. 

The indicator does not turn on if: 

1. Any of the characters in the transit-number 
field (including the special symbols) are un­
readable. 

2. Special symbols (except the dash) are missing 
or out of sequence. 

3. The field is missing. 
4. The field length· is invalid. 



Valid Serial-Number Field: This indicator turns on 
when the serial-number field is read correctly. It 
tllrns off when the leading edge of the next document 

, sensed at the read head. 
The indicator does not turn on if: 

1. Any of the characters in the serial-number 
field (including the special symbols) are unread­
able. 

2. Special symbols (except the dash) are missing or 
out of sequence. 

3. The field is missing. 

Auto Select: The Auto Select indicator is off if a 
Stacker Selection command can be executed correctly. 
The auto select bit is set on when a document is not 
acceptable due to spacing (too close together), a 
late read t. or eXtrezile mutilation. 

The auto select bit is 8J.so turned on. when a 
d8cument reaches the select station prior to the 
issuing ofa Stacker Select command. A good pro­
gramming practice is to test the setting of the auto 
select bit immediately prior to the issuing of a 
Stacker Select command. After the Stacker Select 
command is accepted, the auto select bit is turned 
off, thus preventing two stacker Select commands 
from being issued for the same document. 

All auto select documents are routed to the 
reject pocket. 

... tead Transmission Error: This indicator is turned 
on when the data transmitted from the 1419 to the 
CPU has incorrect parity. The indicator is reset 
by the Test instruction. 

J am or Sort Check: This check bit (and its associated 
indicator light) indicates a right or left feed jam or a 
sort check condition. The bit remains on until the 
operator clears the j am and resets the condition 
using th~ Stop/Restore key. 

Control I/O Instructions (CIO) 

OP 
Code OA FS OS Function 

--+ 
9B 6 0 0 No operation 
9B 6 0 1 Select or Light Pocket A 
9B 6 0 2 Select or Light Pocket B 
9B 6 0 3 Select or Light Pocket 0 
9B 6 0 4 _ Select or Light Pocket 1 
9B 6 0 5 Select or Light Pocket 2 
9B 6 0 6 Select or Light Pocket 3 
9B 6 0 7 Select or Light Pocket 4 
9B 6 0 8 Select or Light Pocket 5 
9B 6 0 9 Select or -Light Pocket (; 
9B 6 0 A Select or Light Pocket 7 

OP 
Code DA FS OS ~ 

9B 6 0 B Select or Light Pocket 8 
9B 6 0 C Select or Light Pocket 9 
9B 6 0 D Select Reject or Batch Number 

'Update 
9B 6 0 E Pocket Light and/or Batch 

Number Control 
9B 6 0 F No operation 
9B 6 0 No operation 
9B 6 1 Engage 1419 
9B 6 2 Disengage 1419 

The CPU sends control information on the line 
specified by the function specification and detail 
specification fields of the control instruction. 

NOTE: A Disengage command given when the separa­
tor is off is effective Immediatelyand it terminates 
the previous Engage instruction 

Program Sort Mode: The purpose of this mode is to 
provide CPU. control of pocket selection and to permit 
transmission of data from documents to the CPU. 

1. An.Engage 1419 instruction starts document 
feeding. 

2. A Disengage 1419 instruction stops the flow of 
documents • 

3. A read from 1419 prepares the CPU for accept­
ing iilformation as it becomes available from 
each document~ . 

4. A Select Stacker instruction should precede the 
arrival of each document at PDS6. 

5. Information on validity of transmitted data and 
end of document is presented to the CPU as soon 
as available. 

6. The Read Field keys on the 1419 determine 
which fields of-data are to be transmitted. 

Pocket Selec1;ion Time 

The program must. make a stacker selection before 
the document reaches the select station. The pocket 
selection must not.be executed until it is lmown that 
the· document is no longer under the read head. There 
are 23.62 (-0.95, + 0.0) milliseconds available be­
tween the time the early interrupt is generated and 
the latest point at which a Stacker Selection command 
must be given. If a pocket decision is not made be­
fore the document reaches the select station, the 
document is rejected and the Auto-Select indicator 
is turned on. 



Program Control for Pocket Lights: When the Pro­
gram Control for Pocket Lights special feature is 
installed, it is possible to light the pocket lights 
(A through 9) in the 1419 with the use of program 
instructions. The correct sequence of operations 
is as follows: 

1. Disengage. 
2. Handle follow-up items in normal manner. 
3. Issue Pocket Light and/or Batch Number Con­

trol command. 
4. Is sue Stacker Select commands for the appro­

priate pocket lights. 
5. Engage to restart document feeding. 

NOTE: During program testing, avoid unnecessary 
stops. Do not issue CIa instructions for the Pro­
gram Control for Pocket Lights (PCPL) special 
feature when it is not installed on a 1419 with Batch 
Numbering special feature. If the PCPL feature 
is inadvertently instructed, document feeding is 
stopped; however, the motor continues to run. To 
resume normal oper~tion, press the 1419 Stop key, 
turn the power off and then back on, and press the 
1419 Start key. No error condition should be indi­
cated. 

Batch Numbering: The installation of this special 
feature allows documents to be numbered on the 
reverse side for audit purposes. This number may 
be advanced by one under program control. The 
same timing restrictions that apply to proper stacker 
selection apply to batch number updating. When the 
batch number update is issued in conjunction with 
the stacker select for a given document, the updated 
number is printed on the document. Two CIO in­
structions are required for the operation as follows: 

1. The Pocket Light and/or Batch Number control 
instruction which prepares the numbering device 
to accept the updating instruction. 

2. The Reject and/or Batch Number updating in­
struction which advances the batch number. 

NOTE: these instructions must be given in the se­
quence shown in order for the 1419 to properly 
recognize the dual functions of these instructions. 

Document feeding is suspended if more than one 
advance sequence is given within three seconds. 
Feeding is suspended, resulting in a reduction of 
throughput, for the remainder of the three-second 
interval. The 1419 resumes feeding automatically, 
unless a Disengage 1419 instruction is issued. An 
advance check stop occurs if the Advance Check On 
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switch is on and the batch numbering device has 
failed to respond to the updating instruction. 

System Stops 

1. System stops should be initiated by depressing 
the 1419 Stop/Restore key prior to stopping the 
CPU. 

2. When the system is stopped by any other key or 
by a system error stop, document feeding is 
terminated. Documents in flight that have not 
been stacker selected are directed to the reject 
pocket. 

3. Jams prior to the read head do not affect 
previously read documents. 

4. For jams after the read head, the operator must 
examine the print-out and properly distribute 
any items which stop prior to or in the selector 
unit, based on the print-out. 

5. Sort check stops are caused by a malfunction in 
the equipment and cannot be caused by the pro­
gram. This stop occurs if no stacker has been 
activated for a document that reaches the select 
station, or if more than one stacker has been 
activated for a document at the select station. 
When a sort check stop occurs, the 1419 stops 
feeding and the remaining documents in process 
(one to five may be in the feed) are read, 
stacker selected, and processed. The 1419 
Sort Check indicator and the Stop/Restore key,. 
are turned on. The Jam/Sort Check indicator\ 
bit is turned on also. 

When a sort check occurs, the error docu­
ment is found in the' reject pocket. 

The operator must examine the print-out of 
the items and properly distribute the item in­
volved. 

The 1419 Stop/Restore key must be de­
pressed to reset the sort check condition. 

6. End-of-Transport Stop: An End-of-Transport 
Sense switch stops document feeding if a docu­
ment in the transport fails to enter a pocket. 
When an end-of-transport stop occurs, both the 
1419 Left Feed light and the Ready light come on. 

The operator removes the document and 
determines its proper distribution in tlie manner 
prescribed by the operation currently in progress. 

The Left Feed light is reset by depressing 
the Stop/R estore key. 

7. Film Stop: The write head and the read head are 
each protected from excessive wear and damage 
by thin metal tapes called head-film tapes. When 
either film tape breaks, or when its supply runs 
out, the Film light turns on and an immediate 
stop occurs. 



The operator corrects the film stop condition 
and follows the jam error recovery procedures. 

8. Non-Error Stops: If the following 1419 stops 
occur, the operator should inspect the machine 
and take corrective action. 
a. Full pocket stop. 
b. Empty feed hopper stop. 
c. Hopper feed failure stop. 
d. Operator stops. 

9. Unreadable Documents: If for any reason the 
1419 cannot read and transmit any selected 
information correctly, the indicators provided 
can be tested to determine the reason. 

10. Endorse Stop Condition: This condition can 
occur only when the endorser feature (optional) 
is installed and the customer has the Endorse 
Checking switch turned on. 

An endorse stop condition causes the 1419 
to stop with the Endorse Stop indicator and the 
Stop/Restore key lighted. 

The operator must examine the last few 
documents processed for proper endorsements 
and handle them in a manner prescribed by the 
operation currently in progress. 

The 1419 stop/Restore key must be pressed 
to reset the endorse stop condition. 

11. Advance Check Stop: This condition can occur 
only when the Batch Numbering special feature 
is installed and the Advance Check switch is in 
the On position. The advance check stop condi­
tior~ causes the 1419 to stop feeding with the 
Advance Check indicator and the Stop/Restore 
key lighted. This stop is caused by a failure to 
advance the number device. 

COMMUNICATIONS ADAPTER 

INTRODUCTION 

The Communications Adapter (CA) special feature 
enables the System/360 Model 20 processor to func­
tion as a remote terminal capable of pOint-to-point 
transmission under stored-program control. The 
device allows communication with all standard syn­
chronous transmitter receiver units such as the 
IBM 1009 Data Transmission Unit, the IBM 7701 
and 7702 Magnetic Tape Transmission Terminals, 
the IBM 1013 Card Transmission Terminal as well 
as the IBM 7710 and 7711 Data Communication Units. 

The System/360 Model 20 with the Communica­
tions Adapter special feature is fully compatible 

with the synchronous transmitter receiver devices 
used with System/360 equipment and is the primary 
means of data interchange between the System/360 
Model 20 and another System/360 Model 20, or 
System/360 Models 30, 40 etc. equipped with an 
IBM 2701 with a synchronous data adapter type 1. 

Data transmission can only be between two 
stations at a time (point-to-point). Stations can be 
connected either by permanent private or leased 
lines or by common carrier (dial) network. The 
Communications Adapter operates in half duplex 
mode on either two- or four-wire telephone lines. 
Four-wire operation results in a shorter line turn 
around time. 

The Communications Adapter is programmed in 
much the same way as any other I/O device used with 
the System/360 Model 20. Transmission operations 
arc time-shared with other primary input/output and 
processing operations. The communications adapter 
also uses the System/3GO Model j~O interrupt feature 
to signal the CPU that an instruction has been com­
pleted or that acknowledgment for a transmitted rec­
ord has been received. The transmission time rates 
depend on the line facilities available and on the type 
of modem used. Up to 600 bytes per second (4800 
baud) can be transmitted or received. Data is trans­
mitted in the 4-of-8 code and it must therefore be 
translated from or into EBCDIC. Either the Trans­
late instruction or an IBM utility program can be 
used for this translation. Transfer instructions must 
be issued for each record transmitted. The instruc­
tion specifies the direction of transfer, the length of 
the assigned record area in main storage, and the 
leftmost address of the record in storage. Keys, 
lights, and switches are located on an operator 
panel adjacent to the CPU console. 

CA INSTRUCTIONS 

The following instructions are used to program the CA: 

~ Op Code DA FS 

CIO 9B 5 1 ;et Transmit Mode CIO 

CIO 9B 5 o Set Receive Mode 

CIO 9B 5 2 Send EOT 

CIO 9B 5 3 Inhibit Audible Alarm 

XIO DO 5 4 Transmit 

XIO DO 5 2 Receive 

TIOB 9A 5 1 Test for current message 

in error 

TIOB 9A 5 o Test for CA busy 

TIOB 9A 5 5 Test for EOT received 

TIOB 9A 5 4 Test and Branch on BCD 
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Summary of TIOB Instructions 

The use of the TIOB instructions is summarized in 
the following text and later under "Operating Prin­
ciple" and "Transmit Operations". 

Test for Current Message in Error 

An error condition in the CA indicates that a faulty 
record has been either sent or received. However, 
the error condition does not stop the CA or render 
it non -operational; the only effect is that the faulty 
data is not set into core storage. To facilitate 
immediate retransmission, the error condition is 
testable. If the error condition is found to be on, 
the program branches to a subroutine that initiates 
retransmission; if the error condition is off, the 
program continues with the next sequential instruc-

.• tion (the address of this instruction is contained in 
the PSW). 

If the programmer intends to check each mes­
sage, he must use the Test for Current Message in 
Error instruction at interrupt time. If the CA is 
transmitting (send run status), the error condition 
means that anon -4 -of -8 code was sent out. If the 
CA is receiving (receive run status), the error 
condition means that one of the following faults has 
occurred: 

1. A non-4-of-8-code character was received 
2. The odd/even counts do not match 
3. The received record exceeded the length that 

was specified in the Receive instruction 
4. The incoming character was not serviced by 

the micro-program 
5. The longitudinal redundancy check shows an 

error. 
If the same faulty message is transmitted (or 

received) two more times, the CA stops and the 
ready status is lost. At that time, the check lights 
indicate the type of error for the last transmission 
(or reception). The status of the CA (send or 
receive) is not affected. 

The error condition is reset with the next XIO 
instruction (Transmit or Receive) that is issued, 
regardless of whether the error is corrected or not. 
The error condition is also reset by the next error­
free message that is received. 

Test for CA Busy 

The busy condition is testable so that the program 
may avoid issuing one instruction while another is 
still in progress. The CA becomes busy when an 
instruction is issued and it remains busy until that 
instruction has ended. When the busy condition is 
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found to be on, the program branches to a sub­
routine; if the busy condition is off, the program 
continues with the next sequential instruction. 

When either of the Set Mode (CIO) instructions 
is issued, or when the Transmit (XIO) instruction 
is issued, the CA remains busy until a reply from 
the other station is received. However, character 
phase (synchronization) must be established between 
both stations before a reply can be received. Thus 
it is possible for the CA to remain busy indefinitely 
because of loss of character phase. The CA remains 
busy indefinitely also when the other station has 
recei ved the same message three times in error 
and has, therefore, a check stop condition. 

When a Receive (XIO) instruction is issued, 
the CA remains busy until either the End of Trans­
mittal Record (EOTR) signal or an acknowledge 
signal is received from the transmitting station. 
In all cases, the busy condition is reset at inter­
rupt time. 

Note, however, the following exception: When 
the Set Receive Mode instruction is issued while the 
Auto Answer/Disconnect switch is in the auto answer 
position, the CA gets no busy condition; the program 
can then proceed with the next instruction. The 
Test on CA Busy instruction has a different function 
to that described previously when the switch is in 
the auto answer position; the instruction disables 
the Auto Answer/Disconnect feature (when issued) 
and no branch occurs. 

Test for EOT Received 

The End of Transmission (EOT) condition is testable 
so that the program can take appropriate action when 
an EOT signal is received. The Test for EOT 
Recei ved instruction should be part of the interrupt 
routine because an EOT signal can be expected at 
any time and the interrupt time is the earliest 
possible moment at which the reply from the other 
station can be tested. When an EOT signal is 
received, the run status of the CA (either send or 
receive) is dropped and the program must change 
its normal course; for example, it must restore 
the run status if continued transmission (or recep­
tion) is desired. The EOT condition indicates that 
the other station has terminated the data exchange. 
If one station sends the EOT signal, the other 
station responds with EOTautomatically and, there­
fore, the EOT condition can also indicate a positive 
acknowledgement. 

When the EOT condition is found to be on, the 
program branches to a subroutine; when the EOT 
condition is off, the program continues with the 
next sequential instruction. The EOT condition is 
reset when the next Set Mode instruction is issued. 



Test and Branch on BCD 

To allow the CA to communicate with Synchronous 
Transmitter/Receiver (STR) devices that use only 
63 characters (such as the IBM 1030 Data Collection 
System), the Binary/BCD switch must be in the 
BCD position. When the CA is transmitting data 
to such a device, the EBCDIC codes 0100 0000 
(space) and 0111 1010 (colon) must both be translated 
into the same 4-of-8 code, that is, code 0842; when 
the CA is receiving data from an STR device, the 
4·-of-8 code NXOR is recognized as invalid (data 
check) and code 0842 must be translated into EBCDIC 
code 0100 0000 (space). In this way, the 64- and 
63-character sets are made compatible. 

The translating program caters for these devi­
ations from the normal one-for-one translating 
pattern by using the Test and Branch on BCD instruc­
tion to find out whether the Binary/BCD switch is in 

.the BCD position. If the switch is so, the trans-
1ating program branches to a routine which translates 
the codes "colon" and "space" as described. 

Operating Principle 

To explain the basic operating principle an inquiry/ 
answer routine is described. One CA is termed 
"local", another "remote", and automatically pro­
duced control signals are denoted "auto" in this 
~xample. 

Descripti'on: When line connection is established 
between two CAs, both devices send idle characters 
(auto) for the purpose of obtaining synchronization. 
The local program issues a Set Transmit Mode (CIa) 
instruction to get the local CA into send run status. 
Send rWl status is only obtained when synchroniza­
tion is established (indicated by the Character Phase 
light). 

Meanwhile, the remote program has issued a 
Set Receive Mode (CIO) instruction to get the remote 
station into receive run status. The receive run 
status can also only be obtained when synchronism 
exists. Therefore, the Set Mode instructions can 
be issue'd either before or after synchronization 
because they are only completed if and when syn­
chronization exists. 

When the local CA is in send run status, an 
inquiry signal (auto) goes to the remote station. 
This inquiry signal initiates an interrupt in the re-
mote station. 

The remote station subsequently issues a Re­
ceive (XIO) instruction which causes the acknowledge 
2 (ACK 2) signal (auto) to be sent back. The ACK 2 

signal represents the answer to the inquiry and it 
initiates an interrupt in the local CA. 

The local program then issues a Transmit (XIO) 
instruction which causes a start of record 1 (SOR 1) 
signal (auto) to go to the remote station. SOR 1 is 
immediately followed by data. The end of the data 
record is marked by an end of transmittal record 
(EOTR) Signal which contains the Longitudinal RedWl­
dancy Check (LRC) character (auto). 

The reception of the EOTR causes interrupt in 
the remote CA. The remote program then issues 
another Receive (XIO) instruction which causes the 
acknowledge 1 signal (auto) to be sent back as a 
reply if the record was received correctly. Other­
wise, an error signal is sent. 

Reception of ACK 1 causes an interrupt in the 
local CA and thus either a new Transmit (XIO) or a 
Send End of Transmission (CIa) instruction may be 
issued. If EOT is received at the remote CA, the 
remote CA answers also with EaT and that ends all 
transmiSSions. The automatic signals that precede 
each record alternate with each transmission, that 
is, the first record is preceded by SOR 1, the next 
by SOR 2, the following by SOR 1 again and so on. 
The acknowledgement alternates correspondingly 
with ACK 1, ACK 2, ACK 1. Since both stations 
keep track of this odd/even count no record can be 
"lost" Wlnoticed. The control signals (SOR 1, ACK 1, 
EOTR etc.) are not transferred to the main storage. 

Transmit Operations 

Set Transmit Mode Instruction (CIO) 

The CA must be in send run status to be able to trans­
mit. To get it into send run status, the Set Transmit 
Mode instruction must be issued. Normally this in­
struction is used only once per transmittal batch. An 
inquiry signal is sent out to the remote terminal and 
the instruction can be completed only when the ACK 2 
signal is received. When this signal is received, the 
CA is in the send run state and interrupt is requested. 

The Set Transmit Mode instruction can be issued 
before or after synchronization (character phase) is 
established, however, the instruction can only be 
processed when synchronization exists. Synchroni­
zation is indicated by the turned on Character Phase 
light (not by interrupt). The CA busy condition is 
turned on when the instruction is started and it is 
turned off upon completion. 

Transmit Instruction (XIO) 

The interrupt after the Set Transmit Mode instruction 
indicates to the program that now the transmit instruc-
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tion can be issued. All odd numbered records are 
automatic ally preceded by the SOH 1 signal and all 
even numbered records are preceded by SOH 2. After 
the execution of the Transmit instruction has been 
initiated, the CA busy condition is turned on and it 
stays on, until the record has been transmitted and a 
reply (ACK 1, ACK 2) has been received at the local 
CA. 

\Vhen a reply is received, interrupt is requested. 
At interrupt time, the CA error condition and the 
EOT condition should be tested to find out what type 
of reply has been received. The conditions can be 
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tested by the respective TIOB instructions. If none 
of these conditions exist, the last message was re­
ceived free of errors at the remote station and there­
fore the program can issue the next Transmit instru( 
tion, or the End of Transmission instruction. One 
of these instructions must be issued within 3 seconds 
or a processor time out occurs. 

If the error bit is on, the CA retains the send 
run status and the previous record can be transmitted 
again by issuing the previous Transmit instruction. 
It is possible that the remote station operator has 
stopped his CA and pressed the EOT-key. In that 
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case the EOT bit is on and the local CA is out of 
send run status. To resume transmitting, the pro­
gram must issue Set Transmit Mode again. The Set 
Mode instruction resets the EOT condition. Simi­
larly, the error condition is reset by the next Trans­
mit instruction. 

Send EOT Instruction (CIO) 

The Send EOT instruction is used to indicate the 
end of the transmission of a single batch of messages 
(records). 

The local CA must be in send run to be able to 
transmit the EOT signal. 

The CA busy condition is turned on when the 
instruction is executed and it stays on until an EOT 
signal is received in response. 

When it is received, the local CA drops out of 
send run and an interrupt is requested. 

At interrupt time, the EOT and the error con­
dition should be tested by the respective Test I/O 
and Branch instruction. 

A turned on EOT condition confirms the correct 
reception of the EOT signal at the remote station. 

If the error condition is on, the send EOT in­
struction must be issued again because the previous 
was not received correctly. 

Receive Operations 

Set Receive Mode Instruction (CIO) 

The CA must be in receive run status to be able to 
receive. 

To get into the receive run condition, the Set 
Receive Mode instruction must be issued. 

The instruction can be issued before or after 
synchronization is established but it can be processed 
only when synchronization (character phase) exists. 

The Set Receive Mode instruction is completed 
when an inquiry signal is received. When the in­
quiry signal is received, the CA is in receive run 
status and interrupt is requested. 

Receiv~ Instruction (XIO) 

The interrupt, caused by the reception of an inquiry 
signal, informs the program that now a Receive in­
struction can be issued. This Receive instruction 
automatically sends an ACK 2 signal to the inquiring 
station. The CA busy condition is turned on when 
the Receive instruction is started and it stays on 
until the instruction is completed. The instruction 

is completed when the End of Transmittal Record 
(EOTR) signal is received. This EOTR signal is 
sent automatically when the field leng:th counter in 
the transmitting station goes to zero. 

Whenthe EOTR signal is received, interrupt is 
requested. In the interrupt program the Error as 
well as the EOT condition should be tested. If none 
of these conditions are on, the record was received 
correctly and the program can proceed with ihe data 
translation. "Then the received data has been proc­
essed, a Receive instruction must be issued to send 
back the acknowledgement which the transmitting 
station is expecting. If the received record was odd 
numbered (the first, third, fifth etc.) the ACK 1 
signal is sent back; otherwise, it is the ACK 2 signaL 

If the EOT condition is on, an EOT signal was 
received and therefore the receive run status is 
dropped. However, an EOT signal is sent back 
automatically as acknowledgement. 

If the error condition is found to be on, a faulty 
record was received. The receiving station keeps 
the receive run status when the error bit is on. Next, 
a Receive instruction must be issued to send back the 
expected acknowledgement. The acknowledgement 
(in that case) is an Error signal which informs the 
transmitting station that a repeat of the previous 
record is expected. 

Error Conditions Detected by 

• Invalid Character Transmitted Transmitting CA 
(non - 4 of 8 - character) 

• "Invalid Character Received Receiving CA 
(non - 4 of 8 - character) 

• Lost Record Receiving CA 
(odd/even counts don't match) 

• Wrong Length Record Receiving CA 
(more characters were received than 
specified in the Receive instruction) 

• Ovemm Receiving CA 
(character was not serviced) 

• LRC Error 
(longitudinal redundancy check error) Receiving CA 

If the error occurs within the transmitting 
station, an error counter is set to one. 

If the program repeats that same faulty trans­
mission two more times (the error counter is at 3), 
the transmitting station stops with the Check Stop 
light and the alarm on but it keeps its run status. 
The ready status is lost. 
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When the same message has been received in 
error three times in succession, the error counter 
is at 3 and a check stop condition occurs. The Check 
Stop light and a combination of other check lights is 
on as well as the alarm. The ready status is lost, 
however ," the run status is retained. 

When the receiving station has a check stop con­
dition (due to faulty transmission lines etc.), the 
transmitting station remains busy if the fault occur­
red somewhere outside the transmitter. 

Programming Errors 

The CA instructions are subject to the normal re­
strictions, that is, addresses that are derived from 
the BID fields must not refer to the protected area 
in main storage (0-143), or exceed storage capacity. 
No instruction part may be located in the last main­
storage position. Either the B-field of an instruction 
or the D-field can be zero but not both. Violation of 
these .rules leads to a CPU stop. 

The CA instructions must be issued in the cor­
rect sequence and at .the correct time. When a se­
quence error occurs, the CPU is stopped and the CA 
Interlock light, the audible alarm and the error num­
ber 0110 in data register I is on. The error number 
identifies the CA. An interlock is caused by: 

• Failure to issue Set Transmit Mode command 
prior to the first Transmit instruction. 

• F~ilure to issue Set Receive Mode command 
prior to the first Receive instruction. 

• Issuing a Set Mode instruction when the CA is 
in a run status. 

• Issuing a Set Mode instruction while a message 
is still being received, or transmitted. 

Other Errors: When a CA instruction is issued and 
the CA -Start key has not been pressed, 'no operation 
occurs and the alarm is sounded due to a not opera­
tional condition. When the CE-switches are not in 
the normal pOSition, the audible alarm is sounded 
and data errors are incurred. When the Binary I 
BCD switch is not set to the mode in which the other 
terminal transmits, errors can occur. An instruc­
tion causes an error if the previous instruction 
resulted in a storage wrap-around. 

NOTE: The program may neglect the testing of the 
error bit after a record has been received. How­
ever, it must be understood that only the "good" 
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portion of a record is transferred to main storage. 
Since the CA keeps its run status when the error bit 
is on, a new instruction can be issued and that will 
reset the error bit. To avoid a processor time out: 
condition, an instruction must be issued within threE: 
seconds after acknowledgement. 

Condition Code 

Prior to the execution of any CA instruction the con­
dition of the CA is tested. If the CA is available, 
i. e. , ready and not busy, the condition code is set 
to 00 and the instruction is executed. If the CA is 
busy (processing a previously issued instruction), 
it is considered to be not operational and the condi­
tion code is set to 11. The CA is also not operational 
when the CA -start key was not pressed, when the 
operation switch is in the Off position, or when the 
data set or :qlodem is not on. In that case no opera­
tion occurs and the audible aiarm is sounded. 

Audible Alarm 

The purpose of the audible alarm is to notify the oper­
ator of conditions that require his attention. The 
alarm can be silenced by preSSing the CA-Stop key. 
The ready status is then lost. The follOwing condi­
tions sound the alarm: 

• CA programming error stop condition of the CpTT 
(such as BID-field of the CA instruction all ze. , 
addressing the protected area etc.). 

• CA check stop condition (three faulty messages 
transmitted or received). 

• More than three seconds interval between instruc­
tions (processor time out). 

This alarm condition can be suppressed by the 
Inhibit Alarm instruction. 

• CPU Process Check (indicates an error, 
such as faulty parity etc. within the CPU). 

• Received EOT signal. 

• Received TEL signal. 

• CA in run status but character phase (synchro­
nization) is lost. Alarm sounds until synchro­
nization is obtained or until the CA -Stop key is 
pressed. 

• CA not ready when any mstruction that requires 
data transmission over the lines is issued. 



NOTE: When the alarm is sounded the ready status 
lost. 

An exception is the processor time out condition 
which retains the ready status. The ready status is 
restored and the check lights are reset by pressing 
the CA-Start key. 

Inhibit Audible Alarm (CIO) 

The Inhibit Audible Alarm instruction suppresses 
the automatic alarm, which normally occurs three 
seconds after the completion of a CA operation if 
another is not initiated within that interval. This 
suppression is cancelled when the next Receive Rec­
ord, Transmit Record, or Send EOT instruction is 
issued. 

.• The instruction does not silence the audible 
alarm under any manually-resettable error condi­
tions, or during an auto answer disconnect cycle. 
The execution of this instruction does not cause an 
interrupt and it does not turn off the busy condition. 

Check Lights 

Check LIght Interpretation 

II"terlock Check Stop Data Processor Record 
Interpretation ._- ~ght light light liaht light 

X X 
Inva fld character transml tted 
to remote terminal. 

Invalid character received In 
X message. 

X 
Incorrect longlt. Redundancy 
check comparison 

X X X 
Overrun of main .torage area 
for Incoming data. 

Overrun of recel* character 
X X (char. not serviced) • 

X X X 
Message ParIty (Start of Record 
.Ignal fall. to match odd/even 
count) • 

PrevlOUl Transmit Instruction 
X X coused Storage Wrap-Araund 

r 

Interlock Light 

The Interlock light indicates a CA programming 
error stop. When a program error stop has occur­
red, the display lights of data register U and L (on 
the CPU console) show the Op code and the display 
lights E, S, T, R show the address of the CA in­
struction in which the error has occurred. Data 
register 1 displays the error number 0110 to identify 
ne stop as a CA-program error. 

Processor Check Light 

NOTE: This light is not to be confused with the Proc­
ess Check light on the CPU. The processor check 
condition has no effect on the operation of the CPU. 

A proces sor check occurs under the following condi­
tions: 

• When the CA has received a message and is 
prepared to send a reply, it initiates an inter­
rupt. If after three seconds (processor timeout) 
the program has not come up with a Receive 
instruction (which constitutes the reply), the 
Processor Check light is turned on. 

• The same condition arises when the CA has 
transmitted a message and received a reply 
upon which it initiates an interrupt. If after 
three seconds the program has failed to respond 
with a Transmit instructim, the Processor 
Check light is turned on. 

In addition, the audible alarm is normally turned 
on. If the Inhibit Audible Alarm instruction is exe­
cuted before the processor check condition signal 
drops, the audible alarm is suppressed. However, 
as soon as the processor check signal drops, the 
Processor Check light is turned on. The CA does 
not loose its ready status when a processor check 
occurs. 

The Processor Check light is turned off only 
when the required program instruction (Receive, or 
Transmit) is executed. 

Data Light/Record Light 

These two lights are used in combination with the 
other lights to distinguish the various errors from 
each other. 

Check Stop Light 

During transmisSions, the validity of all messages 
is constantly being monitored. An error count of 3 
messages turns on the Check Stop light and the audible 
alarm while the start latch is being turned off. (Ready 
goes off.) 

The audible alarm can be silenced by operating 
the Stop key. Pressing the Start key will turn off the 
Check Stop light and reset the error counter to zero. 
Reception of a good message has the same effect, 
i. e. , the ready status is restored. Since the CA can 
attempt three repetitions of the bad message before it 
turns on the Check Stop light, this light in combination 
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with the Data, Processor, or Record lights indicates 
the type of error for the third attempt. 

Test Pattern Light 

Indicates that a continuous sequence of control leader 
signals from the remote terminal has been received. 

Status Indicators 

Data Set Ready 

Indicates that power is on in the data set, the line 
is connected, and the switches are not in Test 
position. 

Ready 

Indicates that power is on in the System/360 Model 
20 CPU, the CA CE switches are in the normal oper­
ating position, the data set is ready (not required 
for a Set Receive Mode instruction), and that the CA 
Start key has been operated. 

The CA Ready indicator is turned off by any of 
the following: 

• CA Stop Key. Any operation that is in progress 
when the stop key is pressed continues to com­
pletion. 

• CA Check stop. 

• Received TEL signal. (The alarm is sounded.) 
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Awaiting Reply 

Indicates that the CA has transmitted an EOTR sig( 
and is waiting for a reply from the receiver. 

Character Phase 

Indicates that synchronism with the remote station, 
a prerequisite for all operations, has been achieved. 
The CA attempts to achieve character phase when 
system power is turned on if the CA Operational 
Switch is in the Normal position. Character Phase 
is achieved when the data set is ready. 

Busy 

Indicates that an operation which causes data exchange' 
over the line is in progress. 

Odd 

Indicates the odd/even count of records received or 
transmitted; it provides the primary method of check­
ing for the loss of a complete record. 

Receive EOT 

Indicates that an EOT signal originated remotely or 
a remote reply to a locally originated EOT signal r~­
been received. With the Auto Answer Disconnect 
switch on, the line is disconnected 30 seconds after 
this light comes on unless the program continues the 
operation before this time has elapsed. The alarm 
is sounded when an EOT signal is received. 

Receive TEL 

Indicates that a telephone (TEL) signal from a remote 
station or a remote reply to a TEL signal (originated 
at the CAl has been received. This means that one 
operator wants to get into voice communication with 
the other operator. All operations are halted and the ( 
ready status is lost when the Receive TEL light is on. 
The audible alarm is sounded. 

Send Run 

Indicates that the CA is set as a transmitting terminal. 

Receive Run 

Indicates that the CA is set as a receiving terminal. 



Line Transmit and Line Receive 

Indicate that data or control characters are actually 
on the line. 

stop 

Indicates that the CA is not in a ready status. 

Keys and SWitches 

Operation SWitch 

A rotary switch with three positions, NORMAL, OFF, 
and TEST. NORMAL and OFF are the "in use/out of 
use" setting for the CA. In Test position, a contin­
uous sequence of control leader signals is transmitted. 
The CA can be reset by turning this switch to Off and 
back to ON. This also silences the alarm. 

. start Key 

Used to place the CA in a ready status and under 
certain conditions to turn off the audible alarm. 

stop Key 

The stop key is used to remove the CA from the ready 
status and under certain conditions it also silences 
the audible alarm. If the Stop key is operated while 
the CA is in the process of transmitting or receiving 
a message, the transmission is allowed to continue 
to completion. However, the CA does not send a 
reply in,response to the last message and it does not 
start a new message; the CA keeps its run condition. 

After the stop key has been operated, the CA 
cannot be automatically disconnected. This allows 
check stop analysis or other manual interventions, 
such as changing programs etc. 

Speed Select Switch 

This switch determines the transmission rate. D; 

must be set to a speed which is agreeable to the line 
facUities that are available. The speed ratings are 
calibrated in terms of baud. 

I 
Cbuacten Per Second Baud Rate 

600 15 
150 93.15 

1000 125 
1200 150 
1500 181.5 
2000 250 
2400 300 

The EXT position must be selected if a data set with 
internal clock is to be used. 

NOTE: Although the CA is capable of receiving and 
transmitting at a rate of 4, 800 Baud, i. e., 600 
characters/second, the speeds above 300 char/sec 
can at present not be utilized due to limitations on 
available common carrier line facilities. 

Auto Answer/Disconnect Switch 

Enables the Auto Answer/Disconnect special feature. 

Binary/BCD Switch 

Setting determines the number of vaUd 4-of-8 code 
combinations for transmission or reception and the 
performance of intermediate Longitudinal Redundancy 
Checks (LRC). 

In the Binary position, 64 code combinations are 
valid and no intermediate LEC is performed. 

In the BCD poSition, 63 code combinations are 
valid for reception; code ROXN is invalid and code 
2480 is decoded as "space". Intermediate LRC is 
performed after line codes 148N or 280N. For trans­
mission, both codes ROXN and 2480 :are encoded as 
2480. 

Refer to the Tables in the Appendix for code con­
version. The purpose of the BCD mode is to avoid 
as much line turn around time as. possible. This is 
accomplished by sending as long a record as possible. 
The intermediate LRCs are transmitted to allow the 
program on the receiving end to use portions of a 
long record while the transmission is still in prog­
ress. Any portion that checks out as valid can thus 
be processed. 

Send EOT Key 

Permits the operator to manually initiate transmis­
sion of an EOT signal. This function. is independent 
of the run condition and is operative when the CA is 
ready but not busy. In normal operation the program 
terminates the transmission by using the send EOT 
instruction. In certain cases an operator may wish 
to initiate the same function manually. If due to the 
program, the not busy periods between· CA instruc­
tions are very short, it is advisable that the operator 
first press the CPU-stop key and then the EOT key 
to r.-et the signal through. However t it must be under­
st 'd that the transmitting CA stays in the run condi­
tion and does not get an interrupt when the EOT re­
s~nse from the receiving station is received. 
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Send TEL Key 

When operated, originates a TEL signal to inform 
the remote operator that verbal communication is 
requested. This signal is returned automatically to 
the originating CA; the returned signal turns on the 
TEL indicator. 

Reset 

The CA can be reset by turning the Operation switch 
to the Off position. The CA is also reset when the 
CPU-Reset key is pressed. Otherwise the execution 
of the Set Receive Mode or Set Transmit Mode in­
structions establishes all necessary originating con­
ditions in the CA. 

Code Translation 

The 4-of-8 code is translated to the internal machine 
code (the EBCDIC in the System/360 Model 20) by 
mea,na of the mM program"Communications Adapter 
Input/Output Control System (CIOCS)." This macro 
routine is an mM designed and tested program which 
relieves the customer of the translation task. The 
CPU presents the translated character to the CA for 
transmission and the CA checks the character for 
4-of-8 validity. During reception, the reverse 
operation takes place. 

Auto Answer/Disconnect Operation 

This featUre is used for three different purposes, 
for automatically answering an incoming call (auto 
answer), for automatically disconnecting the line 30 
seconds after transmissions are ended (auto discon­
nect), and for keeping the CPU in a wait state allow­
ing processing only after a call has come in (wait). 

Auto Answer 

The auto answer operation is enabled by the program 
when the Auto Answer Disconnect switch is in the On 
position and a Set Receive Mode instruction is issued. 
The program can continue with the next instruction 
immedi~ely since the CA is not busy although the 
Set Receive Mode instruction has not been completed. 

When a call comes in, the data set answers 
automatically and completes the connection. The CA 
then attempts to obtain synchronization for 30 sec­
onds. If sync hrontzation is not obtained within that 
time, the data set disconnects the line and the alarm 
is sounded. Interrupt is not requested after discon­
nection. When synchronization is established, the 
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Set Receive Mode instruction is completed and inter­
rupt is requested. 

After the program has enabled the auto answer 
feature by issuing a Set Receive Mode instruction 
(with the switch in Auto Answer position) it can also 
disable the feature. To do this the program must 
issue a Test CA Busy (CIO) instruction. 

If the data set has not started to answer a call 
when the Test For Busy instruction is executed, the 
CA prevents the data set from answering and the pro­
gram does not branch. If the data set has started to 
answer a call during the execution of the instruction, 
the program branches because it is too late to stop 
the auto answer feature and the call must be accepted. 
In the On position, the CA is disconnected 30 seconds 
after it has received a call if it could not get into the 
receive run status within that time. It is also dis­
connected 30 seconds after issuing or receiving an 
EOT signal. Disconnection also occurs when check 
conditions that require manual intervention arise. 

If an auto answer receiver wants to permit other 
calls to come through after a previous operation, his 
program must provide an idle loop for 35 seconds 
after EOT and then issue another Set Receive Mode 
instruction. The loop makes certain that the previous 
line is disconnected. 

Auto answer receive programs must make use of 
the System/360 Model 20 interrupt feature to detect 
that a call has come in. A Test and Branch on Busy 
command cannot be used for this purpose because of 
its modified meaning. 

Auto Answer Wait 

When the Auto Answer/Disconnect switch is in the 
Wait position, operation is the same as when this 
switch is in the Auto Answer position except that the 
program cannot continue with the next sequential in­
struction after executing a Set Receive Mode instruc­
tion. The CPU enters a waiting state and awaits an 
incoming call. When the call is received, the pro­
gram continues. 

The CPU process meter does not run during the 
waiting state. The CPU may also be removed from 
the waiting state by operating the Stop key or System 
Reset key on the CPU console. The CA does not 
automatically branch back into the wait state. If 
desired, the programmer may cause a branch back 
to the Set Receive Mode instruction to enter the wait 
state. 

When the Auto Answer/Disconnect switch is in 
the Off pOSition, the auto answer/disconnect functions 
are disabled. 



Operating Procedures 

start for Transmitting Without Auto Answer 

1. Press CPU Power On key, press all I/O Start 
keys to get all I/O devices ready. CA Operation 
switch must be in Normal position. 

2. Load program, then press CPU Start key to 
execute program. 

3. Turn on data set, press' CA Start key, check 
all switch settings. 

4. Dial receiving party, when voice communication 
has been established, switch data set from talk 
to data mode. Hang up telephone receiver. 

Start for Transmitting with Auto Answer On at 
Remote CA 

1. When transmitting, the Auto Answer switch must 
always be OFF at the local CA. 

2. Get CPU and alII/Os Ready. Load program and 
start execution just as before. 

3. Turn on data set, press CA Start key, check all 
switch settings. 

4. Dial receiving party but do not use voice com­
munication. 

5. Avoid pressing TEL key because this causes a 
Stop at the remote terminal. (Remote station 
may be unattended.) 

• ' After dialing, switch data set to data mode and 
hang up telephone receiver without using voice 
communication. 

Start for a Receive Operation Without Auto Answer 

1. Press CPU power On key, get I/Os ready. 
2. When call comes in, get into voice communica­

tion with the remote operator. 
3. Turn on data set, set CA switch to Normal, 

make certain that the Auto Answer switch is OFF. 
4. Switch data set from talk to data mode. 
5. Load program, press CPU and CA Start keys. 

Start for Receive Operation with Auto Answer On at 
LocalCA 

1. Press CPU Power On Key, get system ready. 
2. Load Program. 
3. Start CA, turn on data set, check all switches, 

set Auto Answer switch to ON. 
4. Press CPU Start. key to execute program. 

Wait with Auto Answer On at Local CA 

Starting procedure is the same as for receive with 
auto answer except the Auto Answer switch must be 
in Wait pOSition. 

CA Timing Conditions 

Instruction and Execute Phase 

XIO Transmit 190 usee 
XIO Receive 190 usee 

TIOB Busy 120 usee 
TIOB Error 120 usee 
TIOB EOT 115 usee 

CIO Set Receive Mode 150 usee 
CIO Set Transmit mode 135 usee 
CIO SendEOT 135 usee 
CIO Inhibit Aud. Alarm 120 usee 

The service phase time is 70 ",sec per character 
(maximum). The code translation which is handled 
by the CIOCS can be calculated as follows: 250 + 
54 N = ",sec. 

250 is a factor which takes care of address cal­
culations (indexing). N represents the number of 
characters in the record (254 characters maximum). 
Thus the maximum time for translating 254 charac­
ters is 14 ms . 

Time Sharing 

All standard speeds which can be selected by the 
Speed Selection switch allow the CA to operate simul­
taneously with the other I/o devices and processing 
operations. 

Line Turn-Around Delay 

In half duplex lines, the effective data. transmission 
speed depends on turn-around delay. This turn­
around delay varies with the lines used, but turn­
around delays of 250 ms per change of direction can 
be considered standard. After a record has been 
transmitted, the remote station "turns around" to 
aclmowledge after which the local station turns arOtmd 
to transmit again. 

During this total turn-around time of 500 ms, 
processing or I/O functions can be performed. 
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The CA also allows "full duplex" operation, 
which is, however, actually half duplex on four wires. 
Even in this case there is a maximum time loss of 
two characters where each change of direction is 
from 3.3 rns up to 26.0 ms depending 011 the line 
speed selected. With the higher speed lines in "full 
duplex", turn-around time can practically be dis­
regarded in connection with long records. 

COLUMN BINARY FEATURE 

The IBM punched card is a permanent data storing 
device that contains 80 storage positions (card 
columns). When the standard IBM card code (Fig­
ure 10) is used, each punched column contains 
either one digit or one character. The capacity of 
a card is increased to 160 storage positions, how­
ever, when the column binary code (Figure 10) is 
used; ,each punched column can then contain two 
digits or two characters in six-bit BCD code. A 
column binary card cannot be read like an ordinary 
punched card because the meaning of the usual zones 
and digits (12,11,0,1,2, etc) is changed to corre­
spond to the bits of the BCD code. The punches in 
one card column represent the BCD bits B, A, 8,4, 
2,1, and B, A, 8, 4,2,1 from top to bottom. 

To enable the card I/O devices that can be 
attached to the System/360 Model 20 to read column 
binary cards, the Column Binary feature must be 
installed. This feature reads each BCD character 
into one byte of core storage. Since the six-bit 
BCD character cannot fill a byte, the character is 
placed into bits 2 - 7 of the byte, and bits 0 and 1 of 
the byte are forced to zero. Column binary reading 
is performed from top to bottom of the card column, 
proceeding by columns from left to right (Figure 11). 

Value 

11 
o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Column 

Standard I BM Card Code 
Value 

B 
A 
8 .. 
2 

___ 1 __ 

B 
A 
8 .. 
2 
1 

Column 

Figure to. IBM Punched Card Codes 
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Column Binary Code 

234567 

Byte 1 

,.....--{ 

r{~~234~ 

B 
A 
8 
4 
2 
1 

8 
A 
8 
4 
2 
1 

f9117':>;J'"'%:~o-, 1-,-1-,0-,-0-,0 ..... ' ~jo ,1,0 ,0,0,1 I 
° 1 234 567 ° 1 234 567 

Byte 2 Byte 3 101201 I 

• Figure 11. Column Binary Reading 

The programmer must know that, when the 80 
columns of a card punched in Column Binary mode 
are read, 160 adjacent bytes of core storage are 
needed. The field length specification derived from 
the B2 and D2 fields of the XIO instruction (issued 
to read a column binary card) pertains to the number 
of BCD characters that are to be read. The field 
length must therefore be greater than zero and not 
more than 160. 

The programme r can specify an odd number of . 
characters (odd field length). When this occurs, 
reading always stops after the upper half of the last 
card column has been read. If the storage capacity 
is exceeded during a column binary read operation, 
reading stops when the highest storage position is 
reached, regardless of whether the field length is 
exhausted or not. No error indication is given. 

The column binary feature is activated by an 
additional bit in the FS field of the XIO instruction. 
When bit 12 of the instruction (this is the 8-bit 
of the FS field) is present, the reader reads in 
column binary mode; when bit 12 of the instruction 
is zero (not present), the reader reads column-by­
column. Thus, the column binary mode of reading 
is specified when the value of the FS is increased 
by eight. 

The following list gives all read instructions, 
with the regular FS and the column binary FS, for 
all card I/o devices to which the column binary 
feature is applicable. 

2501 Card Reader 

DA 

1 2 

10 

Function 

Read Card 

Read Card 

Mode 

EBCDIC 

Column Binary 



2560 MFCM 

DA FS Function Mode 

2 2 Read Primary Card EBCDIC 

2 3 Read Secondary Card EBCDIC 

2 10 Read Primary Card Column Binary 

2 11 Read Secondary Card Column Binary 

2520 Card Read Punch 

DA 

2 
2 

2 
10 

COMPATffiILITY 

Function 

Read Card 
Read Card 

Mode 

EBCDIC 
Column Binary 

The organization of the System/360 Model 20 is in 
• most respects identical with that of other System/ 

360 models. The data and instruction formats are a 
compatible subset. The majority of operations in the 
System/360 Model 20 instruction set are compatible. 
There are instructions and features which are differ­
ent in the System/360 Model 20 from those in System/ 
360s. These differences deserve programming con­
sideration and are described in this section. 

The· System/360 Model 20 CPU exerts direct 
control over all the I/O devices attached to it. How­
ever, I/O operatiOns are initiated, halted, or tested 
by program instructions, which select the unit to be 
used. The I/O instructions determine what operation 
is performed (read, write, etc.) and where the data 
is stored. 

Operation Codes 

The operation codes of all System/360 Model 20 
instructions other than Halt and Proceed, Set PSW, 

Branch and Store, and Input/Output controls ar.e the 
same as those assigned in other System/360 models. 
The operation codes of these instructions are un­
assigned in other models. 

General Registers 

The System/360 Model 20 has eight general registers. 
They are numbered 8-15 and correspond to the same 
registers in other System/360 models. They are one 
halfword in length compared to full word length on 
other System/360 models. Results of valid System/ 
360 Model 20 binary operations are identical to 
corresponding operations in other System/360 models 
except for the recognition of an overflow condition. 

Main Storage Addressing 

The first 144 bytes of main storage are protected 
and program reference to this area results in an 
error condition. 

Addressing 

An address used to refer to main storage in the Sys­
tem/360 Model 20 may be specified by either of two 
methods; direct addressing or effective-address gen­
eration. Direct addressing is indicated when the high­
order bit in the B field of an instruction is zero. The 
address from this method is derived from the binary 
value of the low-order 14 positions (for addresses up 
to 16383) of the combined B and D fields. Effective­
address generation is automatically performed when 
the B field refers to general registers 8-15; in form­
ing this address, the System/360 Model 20 operates 
identically to other System/360 models. 
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mM BINARY SYNCHRONOUS COMMUNICATION ADAPTER 

.L1'ITRODUCTION 

Telecommunication, the ability to exchange up-to­
date information between remote locations, is a 
valuable asset in the fast-paced modern business 
world of industry and commerce. Therefore, power­
ful tools such as electronic data processing systems 
should not be limited to strictly local input and 
output. Nowadays, as business activities expand 
and companies establish branches further afield, the 
rapid exchange and processing of vital data is of 
ever-increasing importance. Thus, more and 
more emphasis is being placed on Tele-processing, 
which offers interesting prospects to all users of 
data processing systems. 
.• The mM Binary Synchronous Communication 
Adapter (BSCA) for the System/360 Model 20 is a 
Tele-processing device which is virtually indepen­
dent of such restricting factors as the necessity for 
code translation (due to a limited character set), 
complex synchronizing procedures, slow trans­
mission speeds, etc. The adapter can be field 
installed in the Model 20 and adds to the capabilities 
of this system, since any type of binary data can be 
transmitted and received in time-sharing mode ·(at 

._~_qpeeds up to 2,400 bits per second) with other 
..nput/Output (I/O) and processing operations. At 
transmission speeds above 2,400 bits per second, 
the BSCA' operates in burst mode. 

The BSCA meets the requirements of medium­
and high-speed communication systems by offering 
the following: 

1. Transmission of the entire Extended Binary-Coded-Decimal 

Interchange Code (EBCDIC). 
2. Transmission of the entire American Standard Code of 

Infonnation Interchange (ASCII). 
3. Transmission of any binary data (entire programs in any 

language, packed decimal data, random data, etc). 
4. Transmission speeds from 600 to 50,000 bits per second. 
5. Block-dividing of messages to adapt to optimal conditions on 

telephone lines of a given quality. 

6. Powerful error-checking methods. 
7. Optional features that allow a variety of different operating 

modes. 

The BSCA can communicate with the synchronous 
adapter units of the mM 2701 Data Adapter Unit and 
the mM 2703 Transmission Control (equipped with 
the corresponding synchronous features) that provide 
the primary means of data exchange with System/ 
360 Models 30, 40, 50, etc. A Model 20 equipped 
with the BSCA can also communicate with another 
Model 20 that is fitted with the BSCA. 

The BSCA operates over two-wire or four-wire 
telephone lines that may be either privately~wned, 
leased, or switched (that is, part of a common 

* All references in this section to switched networks apply at present 

to U. S. A. only. 

carrier dial-up network*). The transmission 
technique is half-duplex (that is, in one direction 
only at a time). The adapter can communicate in 
point-to-point or in multipoint fashion. In point-to­
point operation, data exchange is between two 
stations; in multipoint operation, a master station 
can select or poll one of a number of slave stations 
that are interconnected on a leased or private line. 

The Binary Synchronous Communication Adapter 
is fully program-controlled by means of nine basic 
instructions. These instructions are similar to the 
other I/o instructions of the Model 20 which are 
described in this manual and, to the Model 20, thp 
BSCA is a further I/o device. However, consider­
able flexibility is introduced into the program by 
the binary synchronous philosophy; this philosophy 
features precisely-defined control character sequen­
ces that "frame" each messa.ge at its beginning and 
end. Such a message, with its control sequences at 
both ends, is moved byte-by-byte from main storage 
in the Central Processing Unit (CPU) to a buffer 
from where it is transmitted bit-by-bit (serially) to 
the remote terminal. Here, the stream of bits 
enters a similar buffer where the data is re­
assembled into characters and moved eventually 
into main storage. The control characters trigger 
certain actions in both stations so that each message 
actually controls its own mode of transmission. 
Thus, the main controlling elements are the control 
character sequences which enable each message to 
function as a self -controlling entity. 

Transmission Codes and Interfaces 

When ordering a BSCA for the System/360 Model 20, 
the customer must specify either the ASCII or the 
EBCDIC as his line code; one line code only is per­
missible on any adapter. 

Two interfaces, the data set interface and the 
data station interface, are available for connecting 
the BSCA to a modem. (The modem converts dc 
signal output from the BSCA into modulated carrier 
signals suitable for transmission over telephone 
lines.) The data set interface complies with the· 
Electronic Industry of America (EIA) requirement 
RS 232B; the interface allows U. S. data sets, the 
mM 3977 Modem or equivalent equipment to be 
connected. These devices allow operation on voice­
grade telephone lines at speeds ranging from 600 to 
2, 400 bits per second. 

The data station interface (also termed digital 
interface) is part of the BSCA High Speed Feature 
and is used only when that feature is installed. 
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High-Order 
Position 

t 
Low-Order 
Position 

• 
P 7 6 5 .. 3 2 1 
o 1 2 3 .. 5 6 7 

Figure 12. Sequential Numbering of Bit Positions 

in ASCn and EBCDIC I 012561 

American Standard Code of Information Interchange 

This code consists of seven data bits and one parity 
bit (Figure 12). Thus, an eight-bit character is 
formed which must have odd parity. The parity bit 
is supplied automatically by the BSCA as needed 
and, therefore, the parity bit position must always 

'be zero in all Ascn characters that are to be trans­
mitted from main storage. The automatica11y­
supplied parity bit is transmitted over the line; in 
the receiving BSCA, however, the bit is removed 
automatically and entered into main storage as a 
zero bit. The ASCn character is transmitted low­
order bit (bit 1) first, bit 2 next and so on, ending 
with the parity bit. The ASCn-table in Appendix L 
shows all bit configurations; the characters within 
thick lines are (;ontrol characters, while those in the 
shaded areas calIse line turnaround (change of 
transmission direction) whenever they are preceded 
by the control character DLE. This operation is 
explained later under "Control Sequences (Basic 
BSCA). " 

Extended Binary Coded Decimal Interchange Code 

This code consists of eight data bits (Figure 12). 
EBCDIC characters are transmitted low-order bit 
(bit 7) first, bit 6 next and so on, ending with bit o. 
The EBCDIC table in Appendix L shows all bit 

Table 12. Instruction Set 

Type I Format OpCode OA FS Function 

XIO SS DO S 0 Transmit and Receive 

XIO SS DO S 1 Receive Initiol 

XIO S5 DO S .. Receive 

CIO SI 91 5 2 Enable BSCA 

CIO SI 9B S 3 Disoble BSCA 

CIO SI 91 5 6 Store Current Addr ... 

CIO SI 9B S 7 Store Sense information 

nOB SI 9A 5 0 T est and '-'ch on Any 
Indicator Set 

'fIOB SI 9A 5 8 Test and '-'ch on Iuay 
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Table 13. EBCDIC Control Character Codes 

Bit Position 
Mnemonic Function o 1 23.. S 6 7 

00000001 SOH Start of Heading 

00000010 STX Start of Text 

00000011 ETX End of Text 

00100110 ETB End of Transmittal Block 

o 0 1 1 0 1 1 1 EOT End of Transmission 

o 1 11 iJ I Column 3 Chonge of Direction Modifier 

001 1 1 101 NAK Negative Acknowledgement 

001 0 1 101 ENQ Enquiry 

00010000 OLE Data Link Escape 

00110010 SYN Synchronization Choracter 

• "00 not care" positions. 
These bits are UMd at the discretion of the programmer 

configurations; the thick lines enclose the control 
characters, while the shaded areas contain charac­
ters that cause line turnaround (change of trans­
mission direction) when they are preceded by the 
control character DLE. See "Control Sequences 
(Basic BSCA)." 

DESCRIPTION (BASIC BSCA) 

Instruction Set and Control Characters (Summary) 

The instruction set for the basic BSCA is shown in / 
Table 12, while EBCDIC and ASCn control characu, . 
codes are given in Tables 13 and 14 respectively. 

Operating Principle 

Operations in the BSCA are started by init1alization, 
that is, by bidding for the line. The initialization 
assigns the right to begin transmission to one or the 
other station. If the BSCA gets the line, it can begin 

Table 14. Ascn Control Character Codes 

Bit Position 
Mnemonic Function P7654321 

POOOOOOl SOH Start of Heading 

POOOO010 STX Start of Text 

POOO0100 EOT End of Tran.wl.lon 

POOOOOll ETX End of Text 

P0010lll ETB End of T,..wlttal Block 

P011~ Column 3 Change of Direction Modifier 

P0010l01 NAK Negative Aclcnowl.......,t 

POOO010l ENQ Enquiry 

P0010110 SYN SynchronizatiOn Chatoct., 

P 0 0 1 0 0 0 0 OLE Data Link &cape 

• "00 not care- potitions. 

These bits are used at the discretion of the progrClliw .. er [!!!!] 



to transmit; if, however, it does not get the line, it 
must first receive the bid from the other station 
before it can start its transmission. The actual 
data exchange is accomplished with Transmit and 
Receive instructions that are issued in both stations. 
Before each XIO instruction (Transmit/Receive) is 
executed, the condition code is set to indicate to the 
program whether the instruction can be executed or 
not. After each XIO instruction is executed, an 
interrupt is requested to provide a means for 
checking the results. If an error occurs, details of 
the cause for rejection (in the form of sense infor­
mation) are available at interrupt time. 

Initialization at Transmitting Station 

The actual wire connection between two stations is 
either permanent (on private and leased lines) or it 
must be established by a dialing procedure (in 
switched networks). Dialing can also be accom­
plished under program control. (See "Automatic 
Calling Feature. ") 

After connection is' established, an initialization 
procedure must be used. For reasons that are 
explained later in "XIO Instructions" under "Trans­
mit and Receive", the initialization is accomplished 
by two different methods that ensure the proper 
rhythm of data exchange between the two stations. 
The method used depends on the intentions of the 
user of a particular station. If he intends first to 
send data to a remote station, he must use one 
method;' if he intends first to receive data from the 
remote station, he must use the other method. 
Thus, initialization can be likened to starting on 
"one foot or the other", one station using one 
method and the other station using the opposite 
method; neither method represents an advantage or 
a disadvantage because, after initialization, each 
station transmits in turn. 

Before any other action, the BSCA is enabled by 
issuing an Enable BSCA instruction. This instruc­
tion produces a positive level on the signal line 
'data terminal ready' that runs from the BSCA to 
the modem or data set; this positive level is needed 
for the modem to become operational. No other 
preparation is needed because the BSCA has power 
on when the CPU has power on. 

The transmitting BSCA then bids for the telephone 
line by issuing a Transmit and Receive instruction. 
The instruction reads out the actual bid from the 
CPU main storage and transmits it to the remote 
station. In the simplest form, the bid consists of 
an Enquiry (ENQ) character that is interpreted by 
the recipient as "Who are you?" A more sophisti­
cated bid consists of some identification followed by 
the ENQ character which is interpreted as "I am xxx, 
who are you?" 

The BSCA reacts to the Transmit and Receive 
instruction that is issued to send the bid by setting a 
condition code to inform the program how it may 
proceed: 

Condition Code Function 

o (binary 00) BSCA is "available" and has accepted the 

instruction 

1 (binary 01) BSCA is "working" (it is still processing a 

previously-issued XIO instruction) 

3 (binary 11) Manual intervention is required bec ause the 

modem or data set is not operational 

If the BSCA was not enabled, a program error 
stop occurs when the Transmit and Receive instruc­
tion is issued. In this example, it is assumed that 
the BSCA has accepted the instruction; therefore, 
transmission over the telephone line begins with 
two automatically-supplied Synchronization (SYN) 
characters that provide synchronization with the 
other station, the actual bid follows next, and an 
automatically-supplied pad character (sent behind 
the ENQ character in the bid) ends the transmission. 
At this point, however, the instruction has not 
ended because the ENQ character causes the BSCA 
to turnaround, and to "listen" for a response from 
the remote station. Normally, the Transmit and 
Receive instruction ends only when a reply is 
received. 

However, the BSCA spends only a limited amount 
of time on awaiting a reply. As soon as turnaround 
occurs, a receive timeout delay of 3-sec duration 
starts running. This timeout delay ensures that 
the BSCA cannot be hung-up indefinitely and un­
noticed. The timeout delay is reset by. every non­
synchronizing character that is received immediately 
after a SYN character. Since the BSCA automatically 
inserts a SYN character after a certa.in time interval 
during transmit operations, the 3-sec timeout delay 
(started in the receiving BSCA) normally cannot 
elapse when SYN characters are detected in the data 
stream. It is only if either all SYN characters, or 
all data, or nothing, is received that a timeout 
occurs to end the instruction. The SYN characters 
are not entered into main storage. 

The end of a Transmit and Receive: instruction is 
indicated by a request for an interrupt. As explained 
later, tests performed in the interrupt routine 
reveal the ending status of the instruction. With the 
acceptance of the Transmit and Receive instruction, 
the BSCA becomes busy; when the interrupt occurs, 
this busy condition ends. 

Initialization at the Receiver 

The receiving station prepares its BSCA to receive 
a bid from the transmitting station by issuing a 
Receive Initial instruction. Prior to this instruction, 
the BSCA must have ~een enabled, otherwise a 
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program error stop occurs when Receive Initial is 
issued. The BSCA reacts to the Receive Initial 
instruction by setting a condition code to inform the 
program how it may proceed. 

N"OTE: If the modem has power off, the condition 
code for a Receive Initial instruction is set to 00 
(available) and, therefore, modem power off is not 
noticed immediately. 

In this example, it is assumed that the Receive 
Initial instruction is accepted. Thus, the BSCA 
listens for a bid. However, the BSCA does not 
become busy; the busy condition begins only with the 
actual arrival of data from the other station. With 
switched networks and the Receive Initial instruc­
tion, the timeout delay of 3 sec is started when the 
line connection is established, that is, when the 
modem sends the 'data set ready' signal to the 
BSCA; at this moment, the BSCA becomes busy and 
searches automatically for synchronization; if this 
cannot be obtained within 3 sec, a timeout occurs. 
With leased or privately-owned lines, the 3-sec 
timeout delay is st..'lrted when synchronization 
(character phase) is established between two basic 
BSCA stations; however, a timeout occurs under 
any of the following conditions to avoid a permanent 
hang-up of the BSCA: 

1. If no data is received 
2. If a constant stream of SYN characters 

arrives 
3. If data is received that does not contain a 

character (such as' ENQ) to cause turnaround. 
Since the BSCA is not busy when it awaits a bid 

(after the Receive Initial instruction was issued), a 
burst operation (tape, or disk storage) can interfere. 

The end of a Receive Initial instruction is indi­
cated by a request for an interrupt. This interrupt 
request is made under any of the following conditions: 

1. When a bid has been received and stored in 
main storage 

2. When a timeout occurs 
3. When an interfering burst operation ends. 

Interrupt 

The interrupt indicates that an XIO instruction has 
ended. The BSCA interrupt is identified by the 
device address 5 and the function specification 6 
that are stored in the old program status word. 
Since it is not known how a particular instruction 
has ended, the program must test certain indicators 
at interrupt time to find out whether the instruction 
has ended in normal or in abnormal fashion. The 
testing is simplified by use of the TIOB On Any 
Indicator Set instruction. If no indicator is set, the 
previous instruction has ended without errors, 
which means that either a bid, or a positive or 
negative acknowledgement, or a regular message, 
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has been received. If one (or more) indicators are 
on, it is necessary to retrieve them from the unit 
in which they were generated and to store them into 
a main storage location where they can be inspected 
by the program. The Store Sense Information 
instruction is used for this task. 

If an instruction has ended with timeout, the 
timeout flag in the sense information would be on. 
If a Receive Initial instruction has been interfered 
with by a burst operation that coincided with an 
incoming bid, the overrun flag in the sense informa­
tion would be on. For details of all error situations, 
see "Sense Information. " 

If the error testing at interrupt time reveals that 
the initialization was successful, the data exchange 
may begin with the issue of a Transmit and Receive 
instruction. 

The individual transmit and receive portions in 
corresponding instructions of both stations mutually 
overlap. This overlapping creates the proper rhythm 
of data exchange which is shown later in Figure 16. 

Contention 

On privately-owned or leased lines, it is possible 
for two stations to vie for the line at the same time. 
Therefore, priority is assigned to one station. The 
station with priority keeps repeating its bid for the 
line until a positive acknowledgement is recognized 
and, therefore, ignores bids from other stations. 
However, any other station that is bidding eventually 
receives the priority-hid when it has sent its own 
bid, and subsequently turns around to listen. 

In switched networks, contention is normally not 
possible because, on other than on leased lines, the 
two stations are only connected when transmission 
is desired and in switched netw~rks, the calling 
station has priority. However, if one station replies 
to a receive bid with an acknowledgement which 
indicates that reception cannot continue, contention 
is possible on switched lines too, because both 
stations remain connected after such a reply. For 
details, see "Control Sequences. " 

INSTRUCTIONS (BASIC BSCA) 

XIO Instructions 

Transfer I/o instructions occupy six bytes of main 
storage and consist of the operation code, the 
device address, the function specification, the 
address of the first (leftmost) byte of the main­
storage input or output field, and the field length. 
The BI-Dl field can be used as the direct address 
of the input/output field, or an effective address 
may be generated by adding the contents of a genera" 
register (defined by Bl) to the displacement (Dl). 



The address thus derived must not exceed the 
storage capacity or violate the protected area, and 
must not be equal to zero as this causes a specifi­
cation error. The field length is similarly derived 
from the B2 -D2 field of the instruction and repre­
sents the true field length. The field length is 
variable from 1 to 4,095 bytes. 

All XIO instructions set the condition code prior 
to execution and request an interrupt after execution. 

Receive Initial 

This instruction prepares the BSCA to receive an 
initial sequence (a bid) from the other station. When 
this instruction is issued, the BSCA remains avail­
able until synchronization is achieved (on leased 
lines) or until a bid arrives (on switched lines). 
When synchronization is established, or when the 

• bid arrives, the BSCA becomes busy and the bid is 
stored into the main -storage field defined by the 
BI-D1 address. An interrupt is requested and the 
busy condition ends when the bid is stored or when a 
timeout occurs due to a faulty message (all SYN 
characters, or all data, or nothing) being received. 

If the BSCA has accepted a Receive Initial instruc­
tion but a burst mode operation (tape, <:>r disk 
storage) is started by the CPU before an initial 
sequence is received, it is possible that an incoming 

__ bid coincides with that burst operation. The instruc­
tion ends with an interrupt that occurs when the 
burst mode operation (with its interrupt) is com­
pleted. 'At that time, the sense information overrun 
flag is on. A receive initial operation can be can­
celled by the Disable BSCA instruction, provided 
that this instruction is issued before an initial 
sequence is received. 

On switched networks, because the BSCA does 
not become busy and since the timeout is not started 
when the Receive Initial instruction is issued until a 
call comes in, Receive Initial can be used for auto­
matic answering. The Auto Answer Wait switch on 
the BSCA console panel (see Figure 24) must be set 
to ON to prepare the BSCA for the type of operation 
that is provided for unattended stations on switched 
networ'ks. With the switch on, the CPU is ready but 
the use meter is not running (which represents a 
waiting state). In this state, the Receive Initial 
instruction can be issued and thus the BSCA .is pre­
pared for answering if a call comes in. The use 
meter (and the CPU) are started by such a call. 

Transmit and Receive 

In the half -duplex mode of data exchange that is used 
by the BSCA, transmission occurs in one direction 
only at a time. To avoid confusion, note that each 
station fulfils a primary function during data ex-

change, independent of the individual actions that 
occur in each station: the primary function of one 
station is to serve as a transmitter, while the 
primary function of the other station is to serve as 
a receiver. Because both stations employ the 
Transmit and Receive instruction to correspond 
with each other, two names are used in the following 
explanation to distinguish clearly between the pri­
mary functions and the actual operations of a spe­
cific station; one station is referred to as the 
"donor", the other is called the "recipient. " 

This clarification is especially necessary when 
two stations are both System/360 Model 20' s equipped 
with the BSCA. The situation is somewhat different 
when one station is a Model 20 but the other station 
is a System/360 Model 30, 40, 50 etc; these latter 
models operate through the 2701 Data Adapter Unit 
or the 2703 Transmission Control, both of which 
feature the channel concept. With the channel con­
cept' actions are started by a Start I/o instruction 
that basically reads out a channel command word 
which has a read or write function. These functions, 
however, are identical with the transmit and receive 
functions of the BSCA. Further explanations are, 
therefore, based on Model 20 operations. 

The Transmit and Receive instruction serves a 
dual purpose as the name indicates, that is, it 
causes the BSCA to transmit and subsequently to 
turn around to receive. This dual function is needed 
because of the extremely fast response coming from 
the other station. The B1-D1 field of the Transmit 
and Receive instruction defines the leftmost byte of 
a main -storage field that represents a:n output area 
as well as an input area, while the field length 
(defined by B2 -D2) pertains to the total length of 
this combined output/input field. The length is 
variable from 1 to 4,095 bytes, any portion of which 
may be chosen as the output field, with the remaining 
portion representing the input field. The donor 
station assigns the message that is to be trans­
mitted to the output-portion of the combined field, 
and reserves the input portion for the reply from 
the recipient. The recipient usually replies with 
any of the standard acknowledgements. See "Control 
Sequences (Basic BSCA)." 

The recipient uses the Transmit and Receive 
instruction in a similar way, but for a different 
purpose; the recipient assigns its reply to the output 
area of the combined field and reserves the input 
area for the next message that it expe(~ts to receive. 

Any message that is to be transmitted or received 
must be framed by control characters on both ends. 
These control characters activate certain functions 
in the BSCA when the message is read out from the 
main storage of the donor and, subsequently, they 
activate the same functions in the recipient upon 
arrival. See "Contro~ Characters (BaSic BSCA). " 
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Transmit Area I Receive Area 
I m. jfText of Message .. 

Storting , Turnaround I Space for 
Sequence Sequence I Acknowledgement 
~------------~v~----------------~/ 

Field Length 

Figure 13. Transmit and Receive Instruction used by Donor 

Figure 13 shows a combined field as it appears in 
the main storage of the donor and Figure 14 shows 
the corresponding field as it is used by the recipient. 

When a Transmit and Receive instruction is 
issued, the output portion (transmit area) of the 
combined field is always dealt with first. For the 
donor, this means that ~e message is sent out bit­
by-bit until the control character at the end of the 
message is detected. This control character trig­
gers the turnaround function in the donor BSCA 
which means that, from that moment onwards, the 
donor temporarily becomes a receiver. The turn­
around character thus marks the boundary between 
output and input areas. 

With the detection of the turnaround character, 
the 3-sec timeout is started to prevent a hang-up 
situation in the event that nothing is received. The 
BSCA becomes busy when the Transmit and Receive 
instruction is accepted and this condition lasts until 
interrupt occurs. Interrupt is normally requested 
only wnen the reply has been received and stored 
into the input portion (receive area) of the combined 
field. As explained later, interrupt is also requested 
when certain abnormal conditions are detected. 

A Transmit and Receive instruction is processed 
in exactly the same way in the recipient as in the 
donor. The only difference is in the logical purpose 
for which the instruction is used by the recipient; 
the recipient sends an acknowledgement first after 
which it turns around to receive the next message. 
Again, an interrupt is requested when this new 
message has been stored or when the timeout delay 
has elapsed if nothing was received. 

Transmit Area I Receive Area 
I 

Standard 
Acknowledgement Space for Message 
'~----------------~v~------------------J 

Field Length 

Figure 14. Transmit and Receive Instruction used 
by ReCipient I 01265 I 
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From the foregoing explanation, it may seem 
that the donor has an advantage over the reCipient, 
in that the donor may send messages of any length 
while the recipient is limited to sending standard 
acknowledgements. However, this is not so; the 
recipient is allowed to send a message of any length 
in reply, provided that it has received the previous 
donor-message free of errors. This type of opera­
tion is termed "tete-a-t~te" to distinguish it from 
the method of replying with standard acknowledge­
ments. 

Tete-a.-tete is a French expression meaning 
"head-to-head" in reference to a private conversa­
tion. In the operation of the BSCA, the term charac­
terizes the full data exchange in the foregoing sense. 
The tete-a-U~te operation speeds up overall through­
put, because a messagE;! sent by the recipient implies 
that the previous reception was free of errors, thus 
omitting the actual acknowledgement. Only when a 
previous reception was faulty must the recipient 
send a negative acknowledgement to the donor. 
Figure 15 shows the main-storage field for a Trans­
mit and Receive instruction that is used in tete-a­
tete operations. 

Since Trailsmit and Receive instructions are used 
by both stations, a conflict must be avoided; this is 
achieved by using two different initialization pro­
cedures. The donor starts with a Transmit and 
Receive instruction while the recipient begins with a. 
Receive Initial instruction. Thus, an offset in the 
rhythm of data exchange is produced to ensure that 
the transmit portion of a given instruction is always 
faced with a receive portion at the other station 
(Figure 16). The Transmit and Receive instructions 
used in both stations are not necessarily mirror 
images of each other. However, two types of errors 
(short record, and storage wraparound) must be 
avoided. 

The short record error arises when the message 
that is to be transmitted, or the message that is 
being received, is longer than the field length speci­
fied in the Transmit and Receive instruction. When 

Transmit Area I Receive Area 

Starting 
Sequence 

I 

Jf 
Turnaround : t t 
Sequence 

_((Text _ 

I Starting 
I Sequence 

Turnaround 
Sequence 

'~----------------~v~----------------~ 
field Length 

Figure 15. Transmit and Receive Instruction used in nte-:l-Tete 
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Station A 

First Instruction: Receive Initial 

Receive Area 

11 

L 
I ~ Interrupt 

Next Instructio n: Transmit and Receive 

~ I Transmit Area I Receive Area J Interrupt 

L. 
3 

Next Instruction : Transmit and Receive 

I Transmit Area I Receive Area I i Interrupt 

I 
5 I 

Figure 16. Data Exchange via Transmit and Receive 

a short record is detected, an interrupt request is 
generated immediately. The storage wraparound 
error arises when the storage capacity is exceeded 
during a transmit or receive operation. For this 
error, the interrupt request is also generated 
immediately. Both error cases are registered in 

I 

I 

I 

I 

the sense information, which is available at interrupt 
time. 

Receive 

The Receive instruction sets the BSCA to receive 
mode and the 3-sec timeout is started. The instruc­
tion is used when a previously-issued Transmit and 
Receive instruction has ended with timeout and the 
receiving BSCA assumes that the transmitter is 
only delayed temporarily, but will start sending 
again eventually. Thus, the Receive instruction 
serves as a timeout extender. When the instruction 
ends with timeout again, nothing is received. The 
Receive instruction can be issued as often as desired. 

Station B 

First Instruction: Tronsmit and Receive 

21 Transmit Area I Receive Area 1 

(Line Bid) I 
~ Interrupt 

Next Instruction: Transmit and Receiv6 

41 Transmit Area 1 Recei ve Area J 

J 

~ Interrupt 

Next Instruction: Transmit ond Receive 

Tronsmit Area 

(Timeout) 

The BSCA becomes busy when it has accepted this 
instruction, and the busy condition lasts until an 
interrupt occurs. 

CIO Instructions 

Control 1/0 instructions occupy four bytes of main 
storage and consist of the operation code, the device 
address, the function specification, and the BI-Dl 
field; this field further specifies the control function 
that is to be performed in the BSCA according to 
the rules for direct or effective addressing. These 
rules are given previously in this manual in "System/ 
360 Model 20" under "Addressing." When a Control 
1/ 0 instruction is issued, it is executEd immediately 
and no condition code is set. However, if the BSCA 
is working (that is, processing a previously-issued 
XIO instruction), the Control I/o instruction enters 
the I/O-busy loop and is executed when the BSCA 
becomes available. . 
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Enable BSCA 

The Enable BSCA control instruction has a general 
"turn on" function, and is a prerequisite for all 
BSCA operations. When the instruction is issued, 
the control signal line 'data terminal ready' that runs 
from the BSCA to the modem or data set becomes 
positive; this positive level makes the modem 
operational. The Enable BSCA instruction must be 
issued prior to a Transmit and Receive, Receive, 
or Receive Initial instruction, or otherwise a pro­
gram error stop occurs when any of these instruc­
tions are issued. 

Disable BSCA 

5. Timeout 
6. Cyclic or longitudinal redundancy (CRC/LRC) 

check 
7. Parity check. 
For explanations of these checks, see "Sense 

Information. " 

TIOB Instructions 

Test I/o and Branch instructions occupy four bytes 
of main storage and consist of the operation code, 
the device address, the function specification, and a 
B 1-D1 field from which the branch address can be 
derived according to the rules for direct or effective 
addressing. The TIOB instructions test for a par­
ticular condition in the BSCA and if the condition is 

The Disable BSCA control instruction, when issued, present, the program branches to the address 
makes the 'data terminal ready' signal line negative. defined by B1-Dl. If the particular condition is not 

.• The instruction can be used to withdraw from an present, the program continues with the next sequen-
intended data exchange that was started, provided it tial instruction address located in the program 
is issued prior to the reception of the bid or acknow- status word. When TIOB instructions are issued, 
ledgement from the-ether-station. If Disable BSCA-----:c-,·--nO-G9Ildition code is set. 
is issued while a transmission is in progress, the 
current operation continues to completion and all 
operations then cease because the BSCA enters a 
reset state. 

Store Current Address 

The current address is the address of the last­
received byte, updated by plus one. Thus, it defines 
the beginning of the next combined input/output 
field in main storage or the end of the previous 
message. The Store Current Address instruction 
moves the current address to the storage location 
addressed by the B1-D1 field of the instruction. By 
means of this instruction, search operations can be 
avoided and, therefore, inspection of the last­
received message is simplified. 

Store Sense Information 

At interrupt time, information on the ending status 
of the previously-executed XIO instruction is avail­
able. 'when a TIOB on Any Indicator Set instruction 
shows that the previous XIO instruction was ended 
by an abnormal condition, the Store Sense Informa­
tion instruction can be used to retrieve the error 
indications from the inaccessible auxiliary storage 
and to store these indications into that byte of main 
storage that is addressed by the B1-D1 field of the 
Store Sense Information instruction. The following 
conditions can thus be stored: 

1. Transmit/receive mode error 
2. Short record 
3. Storage wraparound 
4. Overrun 
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TIOB on Any Indicator Set 

The TIOB on Any Indicator Set instruction can be 
used to find out whether an instruction was ended by 
an abnormal condition. If any of the check conditions 
that are contained in the sense information (timeout, 
overrun, etc.) are present, the program branches. 
In this manner, the program can determine whether 
it is necessary to store the sense information. The 
instruction is executed immediately, except when 
the BSCA is processing a previously-issued XIO 
instruction. In that case, the TIOB on Any Indicator 
Set instruction enters the I/O-busy loop and is 
executed as soon as the BSCA becomes available. 

TIOB on Busy 

The TIOB on Busy instruction is used to find out 
whether the BSCA is busy (that is, processing a 
previously-issued XIO instruction); if so, the pro­
gram branches. The BSCA becomes busy when it 
has accepted an XIO instruction. The busy condition 
ends when an interrupt occurs. Thus, the BSCA­
busy condition is identical with the BSCA-working 
condition, except for the following difference in the 
use that is made of both indications: 

1. The condition code for "worldng" is set, after 
the XIO instruction has been attempted, to inform 
the program why the attempt was unsuccessful. 

2. The TIOB on Busy instruction can be per­
formed to find out whether an XIO instruction would 
be successful if it were issued. 

The TIOB on Busy i~struction is always executed 
immediately, regardless of the BSCA condition. 



Contr.ol Characters (Basic BSCA) 

The control characters are used either singly or in 
groups of two consecutive characters (thus forming 
a control sequence) to cause certain actions in the 
BSCA. These actions may be divided into two 
categories, namely setting the BSCA to data mode, 
and setting the BSCA to control mode. When the 
BSCA has been called by another station or when it 
has called another station, it is in control mode. In 
control mode, all control characters (and/or 
sequences) are effective. However, certain control 
characters set the BSCA to data mode and, in this 
mode, most characters (and/or sequences) lose 
their control functions and can therefore be used as 
data. Only specific control characters cause the 
BSCA to return to control mode. The return to 
control mode is always accompanied by turnaround 
so that the other station has an opportunity to reply. 

The control characters and their bit pOSitions 
are listed in Tables 13 and 14. 

'Start of Heading (SOH) 

The SOH character sets the BSCA to data mode and 
indicates that the data which follows is an identifica­
tion of the message that will follow eventually. The 
heading can be a name, a text or a number. In data 
mode, SOH is recognized as normal data with no 
other function. 

Start of Text (STX) 

The STX character sets the BSCA to data mode and 
indicates that the data that follows is the actual text 
of the message. In data mode, STX is recognized 
as normal data with no other function. 

End of Text (ETX) 

The ETX character causes the BSCA to leave data 
mode, thereby effecting turnaround. ETX is com­
monly used to mark the boundary between the trans­
mit area and the receive area of the combined output/ 
input field that is addressed by a Transmit and 
Receive instruction. After ETX is sent, both stations 
remain connected. 

End of Transmittal Block (ETB) 

The ETB character is an alternate for ETX. ETB 
can be used to divide a message into blocks to 
achieve optimal block length for a telephone line of a 
given quality. The function of ETB is identical to 
that of ETX; ETB causes the BSCA to leave data 
mode, but it indicates that more data is to come. 

End of Transmission (EOT) 

The EOT character can only be used in control mode 
to indicate that the transmitter does not intend to 
continue the current transmission. EOT causes 
turnaround so that the receiver has an opportunity 
to start its own transmission. Both stations remain 
connected after EOT is sent. If EOT is sent in data 
mode, the character is recognized as normal data 
with no other function. 

Negative Acknowledgement (NAK) 

The NAK character can only be used in control mode 
to indicate that the received message cannot be 
accepted because it was faulty. NAK causes turn­
around and both stations remain connected. If NAK 
is sent in data mode, the character is recognized as 
normal data with no other function. 

Enquiry (ENQ) 

The ENQ character can be used in data mode or in 
control mode. ENQ causes turnaround and both 
stations remain connected. When ENQ is sent in 
data mode, the BSCA returns to control mode. The 
enquiry character is used for abandoning a trans­
mission and also as initial sequence. The program 
in the receiving BSCA should react to an ENQ by 
sending information that indicates whether trans­
mission can continue or not. 

Data Link Escape (DLE) 

The DLE character is used in control sequences 
only. In data mode, this character is recognized as 
normal data with no other function. See "Control 
Sequences (Basic BSCA). " 

Synchronization Character (SYN) 

The SYN character is automatically inserted into the 
data stream at the proper time to establish and 
maintain synchronization. The program has no 
influence on this character and SYN does not enter 
main storage. 

Control Sequences (Basic BSCA) 

Control sequences are formed by two consecutive 
control characters with no other data in between. 
They may be divided into three groups, namely, 
standard affirmative replies, turnarounds, and 
ending sequences. All control sequences are effec­
tive only when used in control mode; the sequences 
are recognized as normal data with no other function 
when used in data mode. 
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Standard Affirmative Replies 

In normal data exchange, it is customary to acknow­
ledge each received message with an affirmative 
reply., If the reply cannot be positive because the 
received message was faulty, a NAK character must 
be used as reply. The character sequence STX/ EOT 
can be used if the reCipient wants the transmission 
to be terminated. 

Odd-numbered messages (first, third, fifth, etc.) 
are acknowledged by ACK-l and even-numbered 
messages are acknowledged by ACK-O. The abbre­
viation ACK stands for Acknowledgement, but the 
actual acknowledgement is realized by the DLE 
character as the leader, followed by specific bit 
combinations as the trailer. A third positive 
acknowledg-ement, which has a special meaning is 
Wait before Transmit (WABT); WABT indicates to 
the transmitting station that the receiver has a 
temporary not-ready condition. 

Figure 1 7 shows the three standard affirmative, 
replies in ASCII and EBCDIC. The question mark 
shown is a regular ASCII character, while the digits 
in the EBCDIC configuration are not numbers but 
represent a bit configuration in hexadecimal notation. 
The actual bit configuration for the question mark is 
the same as that for WABT (see Figure L-l in 
Appendix L). For the actual bit configuration of the 
hexadecimal expressions, see Appendix E. 

All standard replies cause turnaround. Standard 
affirmati ve replies, however, need not necessarily 
be used; the customer may prefer to operate in 
t€~te-a.-tete mode. In this case, another message is 
used as the positive reply, provided the previous 
transmission was received correctly. H~wever, 

when the previous transmission was received in 
error, the NAK character must be used as the 
negative reply. Standard affirmative replies as well 
as NAK can only be used outside of data mode. 

Start of Block Sequences 

Since there are no alternating acknowledgements in 
tete-a.-tete operations, two sequences are used as 

Function ASCII EBCDIC 
~-

ACK-O OLE 0 DLE /70/ 

ACK-l OLE 1 DLE /61/ 

WABT DLE ? DLE /7F/ 

1 t t 
Leadel T,oiler Leadel T rai ler 

Figure 17. Standard Affirmative Reply Sequences 
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a programming convention to identify each message. 
These sequences can either precede the heading or 
they can be used in the heading. They represent the 
functions Start of Block (SOB)-l and SOB-2. The 
sequences consist of the DLE character followed by 
a trailer character; for the bit configuration of the 
trailer, see the ASCII and EBCDIC tables in 
Appendix L. Both sequences activate no function 
in the BSCA, but concern only the program. 

Turnaround Sequences 

Turnaround sequences are used to effect turnaround 
when the BSCA is in control mode. In data mode, 
these sequences are recognized as normal data with 
no other function. The sequences consist of the DLE 
character followed by any of the "Column 3" charac­
ters. Column-3 characters are located in the third 
column of the ASCII table in Appendix L, and are 
shown also in the shaded areas of the EBCDIC table 
in the same appendix. The Column-3 characters 
alone have no effect. 

The character sequence DLE/ Column 3 can be 
used as an acknowledgement to which a special 
meaning may be assigned by agreement. In addition, 
the low-order bits of these characters are "do not 
care" bits, that is, the bits can be used by the 
programmer, provided that the total character 
retains odd parity in ASCII and in EBCDIC. If such 
a character is turned, even by insertion of bits into: 
the "do not care" area, it loses its control function. 

Ending Sequences 

Ending sequences can be used only in control mode, 
otherwise they are recognized as normal data. The 
character sequence STX/EOT is an acknowledgement 
which indicates to the transmitter that the last 
message was received free of errors, but that recep­
tion cannot continue. Both stations remain connected 
after STX/EOT is sent and turnaround occurs. The 
character sequence DLE/EOT is used to announce 
End of Transmissien. After DLE/EOT, the line is 
disconnected (in switched networks) or operations 
cease (on private and leased lines). 

Programmed Halts 

Since the Model 20 equipped with the BSCA is a 
rather complex terminal, it is quite possible that 
a programmed halt occurs due to a not-ready condi­
tion in one of its I/O devices. Such halts can be 
caused by card jams, forms check, empty hopper, 
etc., and they interfere with BSCA operations. To 
avoid stopping the BSCA without giving any indication 
of the reason for this, the Model 20 program must 
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Combination Combination Combination Combination 

High Speed Feature No 

Station Selection Feature No No 

Automatic Calling Feature No No 

Internal Clocking Feature No Allowed 
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Intermediate Block Checking Feature No Allowed 

Figure 18. Optional Features Configuration 

• send an ending sequence to the remote BSCA prior 
to issuing the halt instruction. 

Allowed 

If the local BSCA is the donor, STX/ENQ (or data 
ending with ENQ) must be sent. To this, the recip­
ient responds with NAK. When NAK is recognised, 
the donor must send EOT (or DLE/EOT on switched 
lines) and then the halt instruction can be issued. 

If a condition requiring a halt comes up in the 
recipient, the recipient must send EOT (or DLE/ 
EOT) after it has received the ending character (ETB 
or ETX) of the current message. After that, the 
halt instruction can be given. 

The BSCA can receive the EOT even after the 
CPU has stopped. The received EOT causes the 
BSCA to enter the reset state. Enable BSCA must 
be given before operations can be resumed. How­
ever, the first BSCA-XIO instruction that is issued 
(after a received EOT) is rejected, and the condition 
code is set to 3 (binary 11). This condition code 
reminds the program to check the EOT bit that is on 
in the sense information. 

Initialization Sequence 

The initialization sequence is used to bid for the 
line aqd is actually an indirect control sequence 
since it only initiates data exchange. The sequence 
consists either of an ENQ character alone which is 
interpreted as "Who are you?", or of some identi­
fication followed by ENQ which is interpreted as 
"1 am xxx, who are you?" The sending of an initiali­
zation sequence does not set the BSCA to data mode. 

BSCA OPTIONAL FEATURES 

To accommodate special needs, optional features 
are provided for the Binary Synchronous Communi­
cation Adapter. All of these features can be field-

No 

Allawed if no 
Auto Calling 
Feature 

Allowed 

Allowed 

~ 

installed, but the installation of some features 
excludes others. Figure ItJj;.ists features and shows 
valid combinations for the same BSCA; the shaded 
areas provide a guide to which features can 1:>e 
added when a specific feature is already installed. 

With the installation of certain features, instruc­
tions and control characters, additional to those 
described previously for the basic BSCA, are pro­
vided to operate them. The additional instructions 
(Figure 19) can be used only when the corresponding 
feature is installed. If an instruction is issued when 
the feature is not installed, the condition code is set 
to 3 (binary 11), meaning not operational, and a 
programming error stop occurs with error number 
6 displayed in data register I on the CPU console. 

Type Format OpCode DA FS Function 

XIO SS DO 5 2 Address Prepare 

XIO SS DO 5 3 Auto Call 

CIO SI 9B 5 0 Disable ITB 

CIO 51 9B 5 1 Enable ITB 

ClO 51 9B 5 8 Store ITB Address 

EBCDIC 

Bit Position 
Mnemonic Functi"" o 1 234 5 6 7 

000 1 1 1 1 1 ITB Intermediate Block 
(Unit Separator) 

ASCII 

Bit Position 
Mnemonic Function P}654321 

P 0 0 1 1 1 1 1 ITB Intermediate Block 
(Unit Separator) 

Figure 19. Additional Instruc~ons for Optional Features 
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Internal Clocking Feature 

The Internal Clocking Feature supplies the clock 
pulses that are required for establishing and main­
taining, bit synchronization. The feature provides 
for transmission speeds of 600, 1,200, 2,000 or 
2,400 bits per second, the required speed being set 
by the customer engineer when the feature is 
installed. 

This feature is required whenever the modem or 
data set does not provide the clock pulses. The 
feature is required also if the other station (or 
stations) on the same network use internal clocking; 
conversely, if the BSCA is equipped with the internal 
clocking feature, the other stations must be similarly 
equipped. When the feature is installed, four SYN 
characters are automatically supplied in addition to 
the two regular SYN characters to establish and 
maintain bit synchronization. 

High Speed Feature 

The .High Speed Feature is required for transmission 
speeds above 4,800 bits per second (such as 19,200 
or 40, 800 bits per second), up to a maximum of 
50,000 bits per second. One part of this feature is 
the data station interface (digital interface). At 
speeds above 2,400 bits per second, the BSCA 
executes all XIO-type instructions in burst mode, 
which means that all other operations in the Model 
20 are excluded for the duration of the burst mode 
operation. However, in the Model 20 burst mode 
operations can be processed only when the CPU is 
not processing any time-shared operations. When a 
BSCA-XIO instruction is issued while time-shared 
operations are in progress, the condition code is 
set to 2 (binary 10) and the program continues with 
the next sequential instruction. On completion of 
all current time-shared operations, the CC2 inter­
rupt occurs (identified by device address 15) and the 
burst mode operation can be executed because the 
CPU is then free. 

Automatic Calling Feature 

I 
The Automatic Calling Feature enables the BSCA to 
originate dial calls by program control. The 
program-generated call is delivered to an externally­
attached automatic calling unit that executes the 
dialing. Automatic calling units are used only in 
switched networks. 

Prior to initiating a call, the Enable BSCA 
instruction must be issued to make the modem 
operational. The dialing information (the number of 
the desired subscriber) is transmitted to the auto­
matic: calling lUlit by means of the Auto Call instruc­
tion. When this instruction is issued, the condition 
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code is set to 1 (binary 01) if the BSCA is processing 
a previously-issued XIO instruction. If the auto­
matic calling lUlit has power off, or if the data key 
on the connected telephone set was not pressed, the 
condition code is set to 3 (binary 11). 

When the Auto Call instruction is accepted, the 
four low-order bits of each byte of the output field 
(addressed by BI-Dl) are transmitted to the calling 
unit. The number of half-bytes that are thus trans­
mitted is specified by the field length. After trans­
mission, an interrupt is requested. If no error flag 
is on, connection is established; if the timeout flag 
is on, the connection cannot be made because either 
the line is busy, or the wrong number was used. 

Station Selection Feature 

The Station Selection Feature is required whenever 
the BSCA is to be incorporated into a centralized 
multipoint network on leased or privately-owned 
lines. In a centralized multipoint network, all 
operations are initiated by the master station. The 
master station transmits to one or more slave 
stations by selecting them, and receives -from a 
slave station by polling it. Thus, the initiative rests 
with the master station; the slave stations cannot 
begin to transmit without having been requested to 
do so. In a multipoint network, all stations involved 
must have the same speed, transmission code, and 
optional features. The Model 20 has no master 
station capability. 

At initialization time, and always after the end of 
a transmission from a slave station, the master 
station has the sole right to transmit. The master 
station uses two different initial sequences, either 
a selection sequence or a polling sequence. The 
selection sequence causes a specific slave station to 
serve as the receiver, and the polling sequence 
requests a specific slave station to transmit to the 
master station. The configurations of both sequences 
are alike and consist of a station address, followed 
by data (that represents an identification) and by the 
ENQ character (Figure 20). To distinguish between 

EBCDIC 

ASCII 

Selection 
Sequence 

Polling 
Sequence 

Figure 20. 

Selection/poll ing Low-Order 
Marker Position 

! ! 
0 3 4 5 6 7 

P 7 5 4 3 2 

Station Address A I f .... f_T_e_xt_-,-_E_N_Q_-, 

Station Address 0 I J ... f_Te_x_t _~_E_N_Q_ .... 
Selection and Polling 



polling and selection, bit position 2 (in EBCDIC) 
and bit position 6 (in ASCII) are treated as "do not 
care" bit positions by the address decoding circuits~, 
These bit positions are used to mark polling or ' 
selection. The BSCA is equipped with an address 
decoder for the station address. The station address 
is set up by the customer engineer when the feature 
is installed. 

To gain access to the multipoint network, the 
BSCA must be enabled and the modem must be 
ready. The Address Prepare instruction must then 
be issued. This instruction causes the BSCA to 
search for synchronization, but the BSCA does not 
become busy until it is polled or selected. After 
Address Prepare, a burst mode operation can inter­
fere during the not-busy period. 

When synchronization is achieved, the BSCA 
monitors the line for the EaT character. An EaT 
character within a stream of data has no effect on 
the BSCA; an EDT that is sent (outside of data mode) 
to indicate an end of transmission, however, puts 
the monitoring BSCA into control mode. In control 
mode, the BSCA monitors the line for either of its 
addresses. No data is transferred to main storage 
during monitoring operations. If either of the BSCA 
addresses (polling or selection) is recognized, the 
BSCA enters select mode and becomes busy until 
the initialization sequence from the master station 
is received. The select mode is indicated on the 
BSCA console (see Figure 24) and pertains to both 
polling and selection; its meaning is, therefore, that 
the BSCA has been addressed by the master station. 
After the initialization sequence has been received, 
interrupt is requested. In the interrupt, the sequence 
must be examined for selection or polling (an agree­
ment on the marker bit must exist among the sub­
subscribers). If the station was polled, it must 
transmit to the master. With every starting sequence 
(SOH, and STX), the BSCA enters data mode; with 
every turnaround sequence, the BSCA returns to 
control mode. When an EaT character is sent or 
received in select mode, all stations on the network 
return to control mode. 

Interm.ediate Block Checking Feature 

The Intermediate Block Checking Feature allows 
the programmer to divide a message into small 

plocks, so that each :bloci(Js checked separately_ 
Turnarp,und (with ackIiowledgement of each inter­
m~j;ateblock) is not needed and, therefore, overal~ 

',' thrOughput is increased. Without this feature, a 
~:<?h,eck is performed only after the entire message 
ha's been transmitted. 

The length of the intermediate blocks can be 
freely chosen. A block-divided message can be 
processed by the receiver while transmission is 
still in progress because each block (that is received 
free of errors) is made available by means of an 
intermediate interrupt. This interrupt is requested 
only in the receiving BSCA and it is identified by the 
function specification 2. The final interrupt (function 
specification 6) occurs only at the end of the entire 
message, that is, when turnaround occurs. 

The intermediate block checking feature is auto­
matically activated when the Power On key on the 
CPU console is pressed. If intermediate block 
checking is not desired, the Disable ~TB instruction 
must be issued. After this instruction, the feature 
can be activated at any time by issuing the Enable 
ITB instruction. These instructions a.re executed 
immediately except that, when the BSCA is busy, 
they enter the II a-busy loop and are executed as 
soon as the BSCA becomes available. 

The message is divided into blocks by the Inter­
mediate Block (ITB) character as shown in Figure 
21. The ITB characters are recognized as normal 
data with no other function when the feature' is not 
enabled. 

When the intermediate interrupt occurs in the 
receiving BSCA, the last-received block can be 
used directly without testing for any errors. The 
error testing is superfluous because the intermediate 
interrupt is requested only when the received block 
is error-free; in addition, the TIOB on Any Indicator 
Set instruction cannot be used because the BSCA 
remains busy for the duration of the entire message 
and, therefore, the test instruction would be locked 
in the I/O-busy loop. If a block is faulty, no inter­
mediate interrupt occurs for this and all follOwing 
blocks. At final interrupt time (end of message), 
error testing can be performed. 

During ITB operations, the receiving BSCA stores 
automatically the address of each ITB character. 
This address is updated by every block: that is 
received free of errors, and thus it shows where the 

r--Intermediate Block---,..-Intermediote BlockTlnter,mediate Block--, 

IS~rt I E~I 
I STX I }{ Text I 1T8 I (( Text I ITS I II Text I ETX I 

I.. Message .1 
Figure 21. ITB Message 

Turnarou~ 

and 
Final 
Interrupt 

~ 
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ITB character of the last-received error-free block 
is located in the main storage. If an error occurs, 
the ITB address is not updated but remains unaltered 
so that the address of the last "good" block can be 
made available at final interrupt time. The address 
is made available by issuing the Store ITB Address 
instruction. The instruction is executed immediately 
(even though the BSCA is busy) and moves the ITB 
address to the main -storage position addressed by 
BI-Dl. 

The block in which an error is detected is stored 
into main storage as if it were a good block, but any 
further blocks that belong to the message are not 
stored, even if they are received free of errors. 
However, the ending sequence of the message is 
stored into the byte next to the last byte of the faulty 
block. 

All blocks that belong to a messag'e must be 
transmitted with one Transmit and Receive instruc­
tion. Transmitting a single block defeats the pur­
pose of block checking and, if a single block does 
not end with the ETX character, a timeout occurs 
because there is no turnaround after ITB. 

Intermediate block checking is inhibited by the 
Disable ITB instruction. Intermediate block checking 
can be used only at speeds up to 2,400 bits per 
second. Above this speed, there is insufficient time 
for the interrupt requests to be serviced. 

The Full T ranspare~cy Feature allows the BSCA to 
transmit (free of restriction) any kind of binary 
data. The feature is required for the transmission 
of packed decimal data, entire programs, random 
data, etc. Transmission of this binary data is 
accomplished by making all control characters 
available for use as data; thus, a message becomes 
transparent. 

The feature is activated by sending or receiving 
the starting sequence DLE/STX. This sequence 
places the BSCA into data mode and into transparent 
mode at the same time. When transparent mode is 
set, ,the following characteristic changes occur: 

1. The BSCA recognizes neither individual con­
trol characters nor control sequences as anything 
but data with no other associated function. 

2. All inserted SYN characters are automatically 
preceded by a DLE character. 

3. A second DLE is automatically attached to 
every "data -DLE" to mark the data-DLE as such. 
This second DLE, and the inserted DLE/SYN's, 
are automatically deleted upon reception and do -not 
enter main storage. (Therefore, the program must 
not insert SYN characters as "fillers" as these will 
enter main storage. ) 
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~----- Field Length (4095 bytes max) -----J~ 

Figure 22. Transparent Message 

To leave transparent mode, the following ending 
sequences are available: DLE/ETX, DLE/ETB, 
DLE/ITB, and DLE/ENQ. These sequences are 
recognized as escape signals only when they coincide 
with two specific values in the field length counter 
of the transmitting station. DLE must coincide with 
the counter value 11 (decimal) and the associated 
ETX, ETB, ITB, or ENQ must coincide with the 
counter value 10 '(decimal). As Figure 22 shows, a 
transparent message may be of any length up to 
4,095 bytes; however, due to the fixed location at 
which the escape sequence must appear, a reply of 
not greater than nine-bytes length is required. 
Longer replies, such as used in tete-a.-tete opera-­
tions, are not permitted, but a tete-a.-tete-type 
reply that is limited to nine bytes in length is 
allowed. 

All escape sequences (except DLE/ITB) that are 
used to leave transparent mode cause the BSCA to 
return to control mode. In addition, all of them 
(except DLE/ITB) cause turnaround. DLE/ITB is 
used to end a transparent block when the inter­
mediate block checking feature is enabled together 
with the full transparency feature. When trans­
parent intermediate blocks are to be transmitted, 
there must be a Transmit and Receive instruction 
for each transparent block. 

Each transparent intermediate block is started 
with DLE/STX and ended with DLE/ITB. After each 
transparent intermediate block, the transmitting 
BSCA sends SYN characters for 3 sec to retain 
synchronization. To avoid timeout, the transmitter 
must send the next block before 3 sec have elapsed. 

The sequence DLE/SOH does not set transparent 
mode, it is accepted as strictiy SOH. The sequence 
DLE/EOT has no transparency function. DLE/EOT 
is the disconnect sequence for switched networks. 

SENSE INFORMATION 

The sense information is a collection of check bits 
which indicates the type of error that occurred. 
These bits are available at final interrupt time and 
must be moved from auxiliary storage (where they 
are generated) to a main-storage position where 
they can be examined py the program. The Store 



Sense Information instruction is designed explicitly 
for the retrieval of this information. After the 
execution of this instruction, or after acceptance of 
the next XIO instruction, the sense information is 
reset. (See Figure L-3 in Appendix L.) 

Check Bits 

The individual bits are described in the following 
text. 

Bit Zero - Transmit/Receive Mode Error 

Bit zero indicates whether the error occurred during 
transmission or during reception. When this bit is 
present (binary 1), the error occurred during 
receive operations. When it is not present (binary 
0), the error occurred in transmit operations. 

Bit One - EOT Received 

This bit indicates that the remote BSCA station was 
forced to stop transmission or reception due to an 
I/O condition that required a programmed halt. Thus, 
this bit indicates that operations will resume when 
the halt condition has been corrected in the other 
station. 

Bit Two - CRC/LRC Check 

Bit two is set when either the Cyclic Redundancy 
Checking (CRC) circuits or the Longitudinal Redun­
dancy Checking (LRC) circuits have detected an 
error. Both checking circuits can be installed in 
the BSCA. The checking circuits are activated in 
both stations with each starting sequence (SOH, 
STX) and they accumulate a block check character 
by way of arithmetic operations. After each ending 
sequence (ETX, ETB, or lTB), the transmitter 
sends its Block Check Character (BCC) to the 
receiver where it is compared with the BCC gener­
ated by the receiver. Thus, only the receiver 
detects CRC/LRC errors~ These errors are caused 
by noise on the telephone line. (The efficiency of a 
noisy telephone line can be greatly increased when 
messages are divided into blocks that reduce the 
error probability by way of smaller individual 
lengths. ) 

Bit Three - Timeout 

Bit three is turned on in the receiving BSCA only 
when the BSCA is in receive mode and if either: 

1. The BSCA does not receive a SYN character, 
interspersed at the proper time interval 

2. The BSCA does not receive a turnaround 
sequence before 3 sec have elapsed 

3. The BSCA receives constant SYN characters 
for 3 sec. 

If the timeout bit is set during an Auto Call 
instruction, it indicates that the telephone line was 
busy or that the connection cannot be made (wrong 
number, etc). 

Bit Four - Short Record 

Bit four indicates that the field length specification 
of a Transmit and Receive instruction is smaller 
than the size of the combined output/input field in 
main storage that is addressed by the :instruction. 
During processing of an instruction with insufficient 
field length, the field length counter in the BSCA 
runs down to zero prior to the detection of the 
turnaround character (ETX or ETB). 

The short record bit is also turned on under the 
following circumstances: 

1. When the field length specification is correct 
but the turnaround character is either not 
detected or missing. 

2. If the escape sequence in transparent data 
does not coincide with field length counter 
values 11 (decimal) and 10 (decimal). 

Bit Five - Storage Wraparound 

Bit five is turned on when the combined output/input 
field (addressed by a Transmit and Receive instruc­
tion) exceeds the upper limit of the main storage of 
the CPU. Depending on the main-storage size, the 
upper limit is either 4, 095, 8,191, 12,.287, or 
16,383 positions; beyond these limits, storage 
wraparound occurs. 

Bit Six - Parity Check 

Bit six covers two different types of parity check: 
1. The bit is turned on when a parity error is 

detected within the data path of the transmitting 
BSCA. This parity error is indicated only in +be 
transmitting BSCA, and requires the attention of a 
customer engineer. 

2. The bit is set only in the receiv:ing BSCA 
when ASCII is used as the basic code and the full 
transparency feature is not installed. The bit indi­
cates a vertical redundancy error (invalid ASCII 
character) detected during receive operations. 

Bit Seven - Overrun 

Bit seven is turned on when a burst mode operation 
(tape, or disk) overlaps the reception of an initial 
sequence (a bid) that was invited by a Receive Initial 
instruction or an Address Prepare instruction. The 
overrun bit is also set in the event that a BSCA 
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malfunction prevents the micro-program from 
servicing BSCA requests; this fault must be cor­
rected by a customer engineer. 

Burst mode operations end with an interrupt. 
After such an interrupt, a BSCA interrupt can follow 
in which the overrun bit is on, which indicates that 
an initial sequence was received during the burst 
mode operation. Therefore, an aclmowledgement 
must be sent back within 3 sec, otherwise timeout 
occurs. 

BSCA REJECT CONDITIONS 

To avoid program error stops during BSCA opera­
tion, the following basic requirements must be met: 

1. The BSCA must be enabled (to supply the 
'data terminal ready' signal for the modem) 

2. The modem must have power on and must 
not be in a test state (so that it can supply the 'data 
set ready' signal for the BSCA) 

3. Instructions must not be issued for optional 
features which are not installed. 

The ESCA instructions are subject to the same 
rules and restrictions that apply to Model 20 instruc­
tions, that is, they must be located on even bound­
aries in main storage, and addresses must neither 
violate the protected area nor exceed storage capac­
ity. Field length specifications in excess of 4, 095 
bytes can be stated; however, only the 12 low-order 
bits .of the field length are used. Burst mode opera­
tions (tape, or disk) that interfere with either a 
Receive Initial instruction or an Address Prepare 
instruction must not interfere more than once, and 
new burst mode operations must be inhibited until 
the initial sequence is received and a reply has 
been sent. 

Figure 23 shows the reject conditions of the 
BSCA. 

ERROR CHECKING METHODS 

Three error checking methods are used in the 
BSCA: CRC, LRC, and Vertical Redundancy 
Checking (VRC). The methods are used in the 
foll<twing circumstances: 

Circumstances Checking Methods 

When EBCDIC is used as the transmission CRC 

code. 

When ASCII is used as the transmission 

code and the full transparency feature is 

not instalh·d in the BSCA. 

When ASCII is used as the transmission 

code and the full transparency feature is 

installed in the BSCA. 
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LRC and VRC 

CRC 

BSCA CONSOLE 

The BSCA console (Figure 24) is located adjacent ,tn 

the Model 20 CPU console and contains all indicat( 
lights that are required to show the current state of 
the BSCA. The following indicator lights are 
provided: 

BUSY: Indicates that an XIO type instruction is 
being processed. 

REC MODE: Indicates that the BSCA has turned 
around to receive. 

TSM MODE: Indicates that the BSCA is set as a 
transmitter. 

REC LINE: Indicates that a message is being 
received on the telephone line. 

TSM LINE: Indicates that a message is being trans­
mitted over the telephone line. 

CHAR PHASE: Indicates that the BSCA is in syn­
chronism with another station. 

DATA MODE: Indicates that a control character 
sequence has set the BSCA to data mode. 

TRANSP MODE: Indicates that the BSCA is set to 
transparent mode. 

REC IN OR ADPREP: Indicates that the BSCA was 
set to receive mode by a Receive Initial instruction 
or an Address Prepare instruction. 

ANY CHECK COND: Indicates that any of the indi­
cators that are testable at interrupt time have been 
set by an abnormal condition. 

DIAGNOSE: Indicates that the BSCA is in test mode. 

CONTROL MODE, SELECT MODE: Both indicators 
are provided when the station selection feature is 
installed. CONTROL MODE indicates when the 
BSCA is monitoring. SELECT MODE indicates 
when the :aSCA has been addressed by the master 
station. 

ACU POWER, ACU CALL REQUEST: Both indica­
tors are provided when the automatic calling feature 
is installed. ACU POWER indicates that the 
externally-attached automatic calling unit has power 
on. ACU CALL REQUEST indicates that the BSCA 
has sent dialing information to the automatic calling 
unit. 



Affected 
Instructions Error Type Result 

Enable ITB 
Disable ITB Feature not installed 

Program error stop 

Auto Call (6 displayed in Data Register I) 

Address Prepare 

Auto Call BSCA not enabled Program error stop 
(Data Terminal Ready (6 displayed in Data Register I) 
off) 

Auto Call Auto Call Uni t power off Condi tion code 3 
or Dota key on connected (not operational) 
telephone set not 
pressed 

Receive Initial BSCA not enabled Program error ~top 
(Dota Terminal Ready (6 displayed in Data Register I) 

off) 

Receive Initial Modem Power Off Condition Code 00 (available) 

Address Prepare BSCA not enabled Program error stop 
(Dota Terminal Ready (6 displayed in Data Register I) 
off) 

Address Prepare Modem not operationol Condi tion code 3 
(Data Set Ready off) (not operational) 

Transmit and Receive, BSCA not enabled Program error stop 
or Receive (Data Terminal Ready off) (6 displayed in Data Register I) 

Transmit and Receive, Modem not operational Condition code 3 
or Receive (Data Set Ready off) (not operational) 

All XIO instructions BSCA busy wi th proces- Condi tion code 1 
sing of previous XIO (working) 
instruction 

All CIO and TlOB BSCA busy wi th proces- Enter I/O - Busy loop, Vlai t for 
instructions, except sing of previous XIO avai loble, then execute 
Test on Busy and Store instruction instruction 
ITB Addre$s 

Figure 23. BSCA Reject Conditions 

DATA SET READY: On private or leased lines, 
DATA SET READY indicates that the modem is 
operational and is not in a test mode. On switched 
lines, DATA SET READY indicates that the line 
connection is established. 

DATA TERMINAL READY: Indicates that the BSCA 
has been enabled. 

109 



BSCA 

DATA SET DATA TERMINAL REC MODE TSM MODE CONTROL MODE SELECT MODE 
READY READY 

ANY CHECK DIAGNOSE REC LINE TSM LINE DATA MODE TRANSP MODE 
COND 

ACU POWER ACU CALL BUSY CHAR PHASE REC IN OR 
REQUEST ADPREP 

AUTO ANSW WAIT 

ON 

~ 
OFF 

Figure 24. BSCA Console 
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JATA FORMATS 

Binary Number 

Halfword Binary Number 

lsI Integer 
o 1 

Decimal Numbers 

Packed Decimal Number 

I Digit I Digit I Digit [~~ ~~] Digit I Digit I Digit I Digit I Sign J 

Zoned Decimal Number 

I Zone I Digit I Zone r_~- ~~] Digit I Zone I Digit I Sign I Digit J 

Logical Information 

ixed-Length Logical Information 

I logi col o:,ta I 
o 

APPENDIX A FORMATS 

Variable-Length Logical Information 

Character 

o 7 • 

Character I-~~ 
1.516 

~ ~ ~ I Character 

INSTRUCTIONS BY FORMAT TYPE 

RR Format 

I Op Code Rl R2 
0 7 • 11 12 IS 

RX Format 

I Op Code R1 
1

0000 
I 

82 D2 
0 7. 11 12 IS 16 1920 31 

SI Format 

I Op Code 12 81 
0

1 
0 7 • 15 16 1920 31 

SS Format 

Op Code I L1 
I 

l2 81 I ~~Dd 82 nrn 
7. 11 12 IS " 19 20 3132 15 36 47 
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APPENDIX B EBCDIC AND ABCn CHARTS 
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Extended Binary-Coded-Decimal Interchange Code (EBCDIC) 

Bit Positions of a Byte 0, I, 2, 3, 4, 5, 6, 7 

4567 

0000 NUL BLANk & 

0001 / 

0010 

0011 

0100 

0101 

0110 

0111 

1000 

1001 

1010 

1011 

1100 < % @ 

1101 

11 10 
+ > ' ; 

II I 1 ..., ? 

r O 2 3 4 5 6 7 8 9 A B 

Hexadecimal Representation for Bits 0 2 3 (Data Switch I) 

Hexodecimal Representation for Bits 4567 
A_rka" S'a"darfl Code fot ,,,f.rmati.,, '"'orelta,,.,o (ASCII} 
f.'olNlofi to fi.,,,, aits 

[

Bit Positions _76 
I j 00 
a.:X5 

4321 00 01 10 

0000 

0001 

0010 

0011 

0100 

0101 

0110 

0111 

1000 

1001 

1010 

1011 

1100 

1101 

11 10 

II I I 

NUL 

SOH 

me 
ETX 

EOT 

ENQ 

ACK 

BEL 

BS 

HT 

Lf. 

VT 

FF 

CR 

SO 

SI 

DLE 

DCl 

DC2 

DC3 

DC4 

NAK 

SYN 

ETB 

CAN 

EM 

SS 

ESC 

FS 

GS 

RS 

us 

~------Ol------~ 

11 00 01 10 II 

SP 0 

I I 

" 2 , 
3 

$ 4 

% 5 

& 6 
I 7 

( 8 

) 9 

* : 

+ ; 

, < 
- = 

> 
/ ? 

~------10------~ 

00 01 10 11 

\ P 

A Q 

B R 

C S 

D T 

E U 

F V 

G W 

H X 

I Y 

J Z 
K [ 

L "-

M ) 

N A 

0 

0 0 

A 

K S 2 2 

C T 3 3 

D M U 4 4 

N V 5 
5 

0 W 6 
6 

G P X 7 
7 

H Q Y 8 
8 

Z 9 
9 

A 

C 

0 

F 

E~ C D 

(Data Switch 2) 

~------11------~ 

00 01 10 11 
@ p 

a q 

b r 

c I 

d t 

• u 

f v 

9 w 

h x 

i y 

i z 

k { 

I .., 
m } 
n I 

0 DEL 



APPENDIX C POWERS OF TWO TABLE 

2/1 1! 2- 11 

1 0 1.0 
2 1 0.5 
4 2 0.25 
8 3 0.125 

16 4 0.062 5 
32 5 0.031 25 
64 6 0.015 625 

128 7 0.007 812 5 

256 8 0.003906 25 
512 9 0.001 953 125 

1 024 10 0.000 976 562 5 
2 048 11 0.000488 281 25 

4 096 12 0.000 244 140 625 
8 192 13 0.000 122 070 312 5 

16 384 14 0.000 061 035 156 25 
32 768 15 0.000 030 517 578 125 

65 536 16 0.000 015 258 789 062 5 
131 072 17 0.000 007 629 394 531 25 
262 144 18 0.000 003 814 697 265 625 
524 288 19 0.000 001 907 348 632 812 5 

1 048 576 20 0.000 000 953 674 316 406 25 
2 097 152 21 0.000 000 476 837 158 203 125 
4 194 304 22 0.000 000 238 418 579 101 562 5 
8 388 608 23 0.000 000 119 209 289 550 781 25 

16 777 216 24 0.000 000 059 604 644 775 390 625 
33 554 432 25 0.000 000 029 802 322 387 695 312 5 
67 108 864 26 0.000 000 014 901 161 193 847 656 25 

134 217 728 27 0.000 000 007 450 580 596 923 828 125 

268435 456 28 0.000 000 003 725 290298461 914 062 5 
536 870912 29 0.000 000 001 862 645 149 230 957 031 25 

1 073 741 824 30 0.000 000 000 931 322 574 615 478 515 625 
2 147 483 648 31 0.000 000 000 465 661 287 307 739 257 812 5 

4 294 967296 32 0.000 000 000 232 830 643 653 869 628 906 25 
8589 934 592 33 0.000 000 000 116 415 321 826 934 814 453 125 

17 179 869 184 34 0.000 000 000 058 207 660 913 467 407 226 562 5 
34 359 738 368 35 0.000 000 000 029 103 830456 733 703 613 281 25 

68 719 476 736 36 0.000 000 000 014 551 915 228 366 851 806 640 625 
137 438 953 472 37 0.000 000000 007 275 957 614 183 425 903 320 312 5 
274 877 906 944 38 0.000 000 000 003 637 978 807 091 712 951 660 156 25 
549 755 813 888 39 0.000000 000 001 818 989 403 545 856475 830078 125 

~ 
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APPENDIX D BINARY AND HEXADECIMAL NUMBER NOTATION 
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Binary Number Natation 

A binary number system, such as is used in System/360 u .. s a 
bale of two. The concept of using a bate af two can be compared 
with the base of ten (decimal) number system. 

decimal number 

o 
1 

2 

3 

.. 
S 

6 

7 

8 

9 

Example of a decimal number 

I 

\~~~\}« 

binary number 

o 

10 

11 

100 

101 

110 

111 

1000 

1001 

+ 9 units poSltlonJi 
+ 30 tens position ~ 
+ 200 hundrech position 

1000 thouaondt poaltlon 

1239 = decimal number 

As .hown above, the decimal number system alloWi counting to ten 
in each position-from units to tens to hundreds to thousands etc. The 
binary system allows counting to two in each position. Register displays 
in the System/360 are in binary form: a bit light on is a "one" a bit 
light off Is a "zero". 

I 

\~~~~}« 
... 0001 :: decimal 
t ()()(Y.l = decimal 
+ 0000 ~ decimal 

1000 decimal 

1001 "decimal 9 



Hexadecimal Number System 

.as been noted that binary numbers require about 
tnree times as many positions as decimal numbers to 
express the equivalent number. This is not much of 
a problem to the computer; however, in talking and 
writing or in communicating with the computer, these 
binary numbers are bulky. A long string of l' sand 
O's cannot be effectively transmitted from one individ­
ual to another. Some shorthand method is necessary. 

The hexadecimal number system fills this need. 
Because of the simple relationship of hexadecimal to 
binary, numbers can be converted from one system 

. to another by inspection. The base or radix of the 
hexadecimal system is 16. This means there are 

6 symbols: 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, A, B, C, 
'-0, E, and F. The letters A, B, C, D, E, and F 

represent the lO-base system values of 10, 11, 12, 
13~· 14, and 15, respectively. 

Four binary positions are equivalent to one hex­
adecimal position. The following table shows the 
comparable values of the three number systems. 

Decimal Binary Hexadecimal 

0 0000 0 
1 0001 1 
2 0010 2 
3 0011 3 
4 0100 4 
5 0101 5 

6 0110 6 
7 0111 7 
8 1000 8 
9 1001 9 

10 1010 A 
11 1011 B 
12 1100 C 
13 1101 D 
14 1110 E 
15 1111 F 

At this point, all 16 symbols have been used, and 
a carry to the next higher position of the number is 
necessary. 

16 0001 0000 10 
17 0001 0001 11 
18 0001 0010 12 
19 0001 0011 13 
20 0001 0100 14 
21 0001 0101 15 

and so on. 
Remember that as far as the internal circuitry 

of the computer is concerned, it only understands 
binary. But an operator can look at a series of lights 
on the computer console showing binary l's and O's, 
for example: 0001 1110 0001 0011, and say that the 
lights represent the hexadecimal value 1E13 which is 
easier to state than the string of l's and O's. 
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APPENDIX E HEXADECIMAL - DECIMAL CONVERSION TABLES 

... 
The table in this appendix provides for direct conver- Hexadecimal Decimal 
sion of decimal and hexadecimal numbers in these 
ranges: 5000 20480 

Hexadecimal Decimal 6000 24576 
000 to FFF 000 to 4095 7000 28672 

For numbers outside the range of the table, add 
8000 32768 
9000 36864 

the following values to the table figures: 
AOOO 40960 

Hexadecimal Decimal BOOO 45056 
1000 4096 COOO 49152 
2000 8192 DOOO 53248 
3000 12288 EOOO 57344 
4000 16384 FOOO 61440 

Register Register Register Register 
E S T R 

0 r------ 1 r------ E r-------9 
A I I I 

( , I , :& , I A 

\ I I 
.& , 

I I I 

®OOOO I ®oooe I ®eeeo I ®eooe I I I 
I I I r----- ---- - --------- __ .J I I 

Ir------------------------------------J I II ,.. __________ .J 

II II 
0 2 3 4 5 6 7 8 A B C 0 E F 

0001 0002 0003 0004 0005 0006 0007 0010 0011 0012 0013 0014 0015 
0017 0018 0019 0020 0021 0022 0023 0026 0027 0028 0029 0030 0031 
0033 0034 0035 0036 0037 0038 0039 0042 0043 0044 0045 0046 0047 
0049 0050 0051 0052 0053 0054 0055 0058 0059 0060 0061 0062 0063 

04_ 0064 0065 0066 0067 0068 0069 0010 0071 0074 0075 0076 0077 0078 0079 
05 _ 0080 0081 0082 0083 0084 0085 0086 0087 0090 0091 0092 0093 0094 0095 
06_ 0096 0097 0098 0099 0100 0101 0102 0103 0106 0107 0108 0109 0110 0111 
07 _ 0112 0113 0114 0115 0116 0117 0118 Oll9 0122 0123 0124 0125 0126 0127 
08_ 0128 0129 0130 0131 0132 0133 0134 0135 0138 0139 0140 0141 0142 0143 
09_ 0144 0145 0146 0147 0148 0149 0150 0151 0154 0155 0156 0157 0158 0159 
OA_ 0160 0161 0162 0163 0164 0165 0166 0167 0170 0171 0172 0173 0174 0175 
OB_ 0176 0177 0178 0179 0180 0181 0182 0183 0186 0187 0188 0189 0190 0191 
OC_ 0192 0193 0194 0195 0196 0197 0198 0199 0202 0203 0204 0205 0206 0207 
OD_ 0208 0209 0210 0211 0212 0213 0214 0215 0218 0219 0220 0221 0222 0223 
OE _ 0224 0225 0226 0227 0228 0229 0230 0231 0234 0235 0236 0237 0238 0239 
OF _ 0240 0241 0242 0243 0244 0245 0246 0247 0250 0251 0252 0253 0254 0255 

10 _ 0256 0257 0258 0259 0260 0261 0262 0263 0266 0267 0268 0269 0270 0271 
11_ 0272 0273 0274 0275 0276 0277 0278 0279 0282 0283 0284 0285 0286 0287 
12 _ 0288 0289 0290 0291 0292 0293 0294 0295 0298 0299 0300 0301 0302 0303 
13 _ 0304 0305 0306 0307 0308 0309 0310 0311 0314 0315 0316 0317 0318 0319 
14 _ 0320 0321 0322 0323 0324 0325 0326 0327 0330 0331 0332 0333 0334 0335 
15 _ 0336 0337 0338 0339 0340 0341 0342 0343 0346 0347 0348 0349 0350 0351 
16 _ 0352 0353 0354 0355 0356 0357 0358 0359 0362 0363 0364 0365 0366 0367 
17 _ 0368 0369 0370 0371 0372 0373 0374 0375 0378 0379 0380 0381 0382 0383 

0384 0385 0387 0388 0389 0391 0394 0395 0396 0397 0398 0399 
0400 0401 0403 0404 0405 0407 0410 0411 0412 0413 0414 0415 
0416 0417 0419 0420 0421 0423 0426 0427 0428 0429 0430 0431 
0432 0433 0435 0436 0437 0439 0442 0443 0444 0445 0446 0447 

0458 0459 0460 0461 0462 0463 
0474 0475 0476 0477 0478 0479 
0490 0491 0492 0493 0494 0495 
0506 0507 0508 0509 0510 0511 

~ 
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1 2 3 4 5 6 1 8 9 A B C D E F 

0513 0514 0515 0516 0511 0518 0519 0520 0521 0522 0523 0524 0525 0526 0527 
21- .0528 0529 0530 0531 0532 0533 0534 0535 0536 0537 0538 0539 0540 0541 0542 0543 
22_ 0544 0545 0546 0547 0548 0549 0550 0551 0552 0553 0554 0555 0556 0557 0558 0559 
23- 0560 0561 0562 0563 0564 0565 0566 0567 0568 0569 0570 0571 0572 0573 0574 0575 
24 _ 0576 0577 0578 0579 0580 0581 0582 0583 0584 0585 0586 0587 0588 0589 0590 0591 
25_ 0592 0593 0594 0595 0596 0597 0598 0599 0600 0601 0602 0603 0604 0605 0606 0607 
26_ 0608 0609 0610 0611 0612 0613 0614 0615 0616 0617 0618 0619 0620 0621 0622 0623 
27- 0624 0625 0626 0627 0628 0629 0630 0631 0632 0633 0634 0635 0636 0637 0638 0639 
28- 0640 0641 0642 0643 0644 0645 0646 0647 0648 0649 0650 0651 0652 0653 0654 0655 
29- 0656 0657 0658 0659 06A0 0661 0662 0663 0664 0665 0666 0667 0668 0669 0670 0671 
2A- 0672 0673 0674 0675 0676 ()677 0678 0679 0680 0681 0682 0683 0684 0685 0686 0687 
2B_ 0688 0689 0690 0691 0692 0693 0694 0695 0696 0697 0698 0699 0700 0701 0702 0703 
2C- 0704 0705 0706 0707 0708 0709 0710 0711 0712 0713 0714 0715 0716 0717 0718 0719 
2D_ 0720 0721 0722 0723 0724 072.5 0726 0727 0728 0729 0730 0731 0732 0733 0734 0735 
2E- 0736 0737 0738 0739 0740 0741 0742 0743 0744 0745 0746 0747 0748 0749 0750 0751 
2F- 0752 0753 0754 0755 0756 0757 0758 0759 0760 0761 0762 0763 0764 0765 0766 0767 

30- 0768 0769 0770 0771 0772 0773 0774 0775 0776 0777 0778 0779 0780 0781 0782 0783 
31_ 0784 0785 0786 0787 0788 0789 0790 0791 0792 0793 0794 0795 0796 0797 0798 0799 
32- 0800 0801 0802 0803 0804 0805 0806 0807 0808 0809 0810 0811 0812 0813 0814 0815 
33- 0816 0817 0818 0819 0820 0821 0822 0823 0824 0825 0826 0827 0828 0829 0830 0831 
34_ 0832 0833 0834 0835 0836 0837 0838 0839 0840 0841 0842 0843 0844 0845 0846 0847 
35_ 0848 0849 0850 0851 0852 0853 0854 0855 0856 0857 0858 0859 0860 0861 0862 0863 
36_ 0864 0865 0866 0867 0868 0869 0870 0871 0872 0873 0874 0875 0876 0877 0878 0879 
37 _ 0880 0881 0882 0883 0884 0885 0886 0887 0888 0889 0890 0891 0892 0893 0894 0895 
38- 0896 0897 0898 0899 0900 0901 0902 0903 0904 0905 0906 0907 0908 0909 0910 0911 
39_ 0912 0913 0914 0915 0916 0917 0918 0919 0920 0921 0922 0923 0924 0925 0926 0927 
3A_ 0928 0929 0930 0931 0932 0933 0934 0935 0936 0937 0938 0939 0940 os I. 0942 0943 
38_ 0944 0945 0946 0947 0948 0949 0950 0951 0952 0953- 0954 0955 0956 0957 0958 0959 
3C_ 0960 0961 0962 0963 0964 0965 0966 0967 0968 0969 0970 0971 0972 0973 0974 0975 
3D- 0976 0977 0978 0979 0980 0981 0982 0983 0984 0985 0986 0987 0988 0989 0990 0991 
3E_ 0992 0993 0994 0995 0996 0997 0998 0999 1000 1001 1002 1003 1004 1005 1006 1007 
3F- 1008 1009 1010 1011 1012 1013 1014 1015 1016 1011 1018 1019 1020 1021 1022 1023 

0 1 2 3 4 5 6 7 8 9 A B C D E F 

40_ 1024 1025 1026 1027 1028 1029 1030 1031 1032 1033 1034 1035 1036 1037 1038 1039 
41_ 1040 1041 1042 1043 1044 1045 1046 1047 1048 1049 1050 1051 1052 1053 1054 1055 
42_ 1056 1057 1058 1059 1060 1061 1062 1063 1064 1065 1066 1067 1068 1069 1070 1071 
43_ 1072 1073 1074 1075 1076 1077 1078 1079 lOBO 1081 1082 1083 1084 1085 1086 1087 
44- 1088 1089 1090 1091 1092 1093 1094 1095 1096 1097 1098 1099 1100 1I01 1102 1103 
45_ 1I04 1105 1106 1I07 1108 1109 1110 1111 1112 1113 1114 1115 1116 1117 1118 1119 
46_ 1120 1121 1122 1123 1124 1125 1126 1127 1128 1129 1130 1131 1132 1133 1134 1135 
41_ 1136 1137 1138 1139 1140 1141 1142 1143 1144 1145 1146 1147 1148 1149 1150 1151 
48_ 1152 1153 1154 1155 1156 1157 1158 1159 1160 1161 1162 1163 lIM 1165 1166 1167 
49_ 1168 1169 1170 1171 1172 1173 1174 1175 1176 1177 1178 1179 1180 1181 1182 1183 
4A_ 1184 1185 1186 1187 1188 1189 1190 1191 1192 1193 1194 1195 1196 1197 1198 1199 
48_ 1200 1201 1202 1203 1204 1205 1206 1207 1208 1209 1210 1211 1212 1213 1214 1215 
4C- 1216 1217 1218 1219 1220 1221 1222 1223 1224 1225 1226 1227 1228 1229 1230 1231 
4D_ 1232 1233 1234 1235 1236 1237 1238 1239 1240 1241 1242 1243 1244 1245 1246 1247 
4E_ 1248 1249 1250 1251 1252 1253 1254 1255 1256 1257 1258 1259 1260 1261 1262 1263 
4F_ 1264 1265 1266 1267 1268 1269 1270 1271 1272 1273 1274 1275 1276 1277 1278 1279 

-&0_ 1280 1281 1282 1283 1284 1285 1286 1287 1288 1289 1290 1291 1292 1293 1294 1295 
51_ 1296 1297 1298 1299 1300 1301 1302 1303 1304 1305 1306 1307 1308 1309 1310 1311 
52_ 1312 1313 1314 1315 1316 1317 1318 1319 1320 1321 1322 1323 1324 1325 1326 1327 
53- 1328 1329 1330 1331 1332 1333 1334 1335 1336 1337 1338 1339 1340 1341 1342 1343 
54- 1344 1345 1346 1347 1348 1349 1350 1351 1352 1353 1354 1355 1356 1357 1358 1359 
55- 1360 1361 1362 1363 1364 1365 1366 1367 1368 1369 1370 1371 1372 1373 1374 1375 
58_ 1376 1377 1378 1379 1380 1381 1382 1383 1384 1385 1386 1387 1388 1389 1390 1391 
57_ 1392 1393 1394 1395 1396 1397 1398 1399 1400 1401 1402 1403 1404 1405 1406 1407 
58_ 1408 1409 1410 1411 1412 1413 1414 1415 1416 1417 1418 1419 1420 1421 1422 1423 
59- 1424 1425 1426 1427 1428 1429 1430 1431 1432 1433 1434 1435 1436 1437 1438 1439 
5A- 1440 1441 1442 1443 1444 1445 1446 1447 1448 1449 1450 1451 1452 1453 1454 1455 
5B- 1458 1457 1458 1459 1460 1461 1462 1463 1464 1465 1466 1467 1468 1469 1470 1411 
5C- 1472 1473 1474 1475 1476 1477 1478 1479 1480 1481 1482 1483 1484 1485 1486 1487 
5D- 1488 1489 1490 1491 1492 1493 1494 1495 1496 1497 1498 1499 1500 lSOI 1502 1.503 
5E_ 1504 1505 1506 1507 1508 1509 1510 1511 1512 1513 1514 1515 1516 1517 1518 1519 
5F- 1520 1521 1522 1523 1524 1525 1526 1527 1528 1529 1530 1531 1532 1533 1534 1535 
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i 0 1 2 3 4 5 6 7 8 9 A B C D E F 

OOR536 1.'537 1538 1539 1540 1541 1542 1543 1544 1545 1546 1547 1548 1549 1550 1551 
61 _ 15.'52 1553 1554 1555 1556 1557 1558 1559 1560 1561 1562 1563 1564 1565 1566 1567 
62 _ 1568 1569 1570 1571 1572 1573 1574 1575 1576 1577 1578 1579 1580 1581 1582 1583 
63_ 1584 1585 1586 1587 1588 1589 1590 1591 1592 1593 1594 1595 1596 1597 1598 1599 
64 _ 1600 1601 1602 1603 1604 160.'5 1606 1607 1608 1609 1610 1611 1612 1613 1614 1615 
6S _ 1616 1617 1618 1619 1620 1621 1622 1623 1624 1625 1626 1627 1628 1629 1630 1631 
66_ 1632 1633 1634 1635 1636 1637 1638 1639 1640 1641 1642 1643 1644 1645 1646 1647 
67 _ 1648 1649 1650 1651 1652 1653 1654 1655 1656 1657 1658 1659 1660 1661 1662 1663 
68_ 1664 166,'} 1666 1667 1668 1669 1670 1671 1672 1673 1674 1675 1676 1677 1678 1679 
69_ 1680 16Rl 1682 1683 1684 1685 1686 1687 1688 1689 1690 1691 1692 1693 1694 1695 
6A_ 1696 1697 1698 1699 1700 1701 1702 1703 1704 1705 1706 1707 1708 1709 1710 1711 
68_ 1712 1713 1714 1715 1716 1717 1718 1719 1720 1721 1722 1723 1724 1725 1726 1727 
6C_ 1728 1729 1730 1731 1732 1733 1734 1735 1736 1737 1738 1739 1740 1741 1742 1743 
6D_ 1744 1745 1746 1747 1748 1749 1750 1751 1752 1753 1754 1755 1756 1757 1758 1759 
6E_ 1760 1761 1762 1763 1764 1765 1766 1767 1768 1769 1770 1771 1772 1773 1774 1775 
6F _ 1776 1777 1778 1779 1780 1781 1782 1783 1784 1785 1786 17&1 1788 1789 1790 1791 

70_ 1792 1793 1794 1795 1796 1797 1798 1799 1800 1801 1802 1803 1804 1805 1806 1807 
71 _ 1808 1809 1810 1811 1812 1813 1814 1815 1816 1817 1818 1819 1820 1821 1822 1823 
72 _ 1824 1825 1826 1827 1828 1829 1830 1831 1832 1833 1834 1835 1836 1837 1838 1839 
73 _ 1840 1841 1842 1843 1844 1845 1846 1847 1848 1849 1850 1851 1852 1853 1854 1855 
74 _ 18.'56 18S7 1858 1859 1860 1861 1862 1863 1864 1865 1866 1867 1868 1869 1870 1871 
75_ 1872 1873 1874 1875 1876 1877 1878 1879 1880 1881 1882 1883 i884 1885 1886 1887 
76 _ 1888 1889 1890 1891 1892 1893 1894 1895 1896 1897 1898 1899 1900 1901 1902 1903 
77 - 1904 1905 1906 1907 1908 1909 1910 1911 1912 1913 1914 1915 1916 1917 1918 1919 
78_ 1920 1921 1922 1923 1924 1925 1926 1927 1928 1929 1930 1931 1932 1933 1934 1935 
79_ 1936 1937 1938 1939 1940 1941 1942 1943 1944 1945 1946 1947 1948 1949 1950 1951 
7A_ 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 
78_ 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 
7C_ 1984 . 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
7D_ 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 
7E_ 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 
7F_ 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 

0 1 2 3 4 5 6 7 8 9 A B C D E F 

80_ 2048 2049 2050 2051 20,'}2 2053 2054 2055 2056 2057 2058 2059 2060 2061 2062 2063 
81_ 2064 2065 2066 2067 2068 2069 2070 2071 2072 2073 2074 2075 2076 2077 2078 2079 
82_ 2080 2081 2082 2083 2084 2085 2086 2087 2088 2089 2090 2091 2092 2093 2094 2095 
83- 2096 2097 2098 2099 2100 2101 2102 2103 2104 2105 2106 2107 2108 2109 2110 2111 
84 _ 2112 2113 2114 2115 2116 2117 2118 2119 2120 2121 2122 2123 2124 2125 2126 2127 
8S_ 2128 2129 2130 2131 2132 2133 2134 2135 2136 2137 2138 2139 2140 2141 2142 2143 
1«)_ 2144 2145 2146 2147 2148 2149 2150 2151 2152 2153 2154 2155 2156 2157 2158 2159 
87 - 2160 2161 2162 2163 2164 2165 2166 2167 2168 2169 2170 2171 2172 2173 2174 2175 
88_ 2176 2177 2178 2179 2180 2181 2182 2183 2184 2185 2186 2187 2188 2189 2190 2191 
89_ 2192 2193 2194 2195 2196 2197 2198 2199 2200 2201 2202 2203 2204 2205 ~ 2207 
8A_ 2208 2209 2210 2211 2212 2213 2214 2215 2216 2217 2218 2219 2220 2221 2222 2223 
88_ 2224 2225 2226 2227 2228 2229 2230 2231 2232 2233 2234 2235 2236 2237 2238 2239 
RC_ 2240 2241 2242 2243 2244 2245 2246 2247 2248 2249 2250 2251 2252 2253 2254 2255 
BIL 22.'56 2257 2258 2259 2260 2261 2262 2263 2264 2265 2266 2267 2268 2269 2270 2271 
8E_ 2272 2273 2274 2275 2276 2277 2278 2279 2280 2281 2282 2283 2284 2285 2286 2287 
8F _ 2288 2289 2290 2291 2292 2293 2294 2295 2296 2297 2298 2299 2300 2301 2302 2303 

90_ 2304 2305 2306 2307 2308 2309 2310 2311 2312 2313 2314 2315 2316 2317 2318 2319 
91_ 2.320 2321 2322 2323 2324 2325 2326 2327 2328 2329 2330 2331 2332 2333 2334 2335 
92 _ 2.'336 2337 2338 2339 2340 2341 2342 2343 2344 2345 2346 2347 2348 2349 2350 2351 
93_ 23.'52 2353 2354 2355 2356 2357 2358 2359 2360 2361 2362 2363 2364 2365 2366 2367 
94_ 2.'368 2369 2370 2371 2372 2373 2374 2375 2376 2377 2378 2379 2380 2381 2382 2383 
95 _ 2.'384 2385 2386 2387 2388 2389 2390 2391 2392 2393 2394 2395 2396 2397 2398 2399 
96_ 2400 2401 2402 2403 2404 2405 2406 2407 2408 2409 2410 2411 2412 2413 2414 2-'15 
97 _ 2416 2417 2418 2419 2420 2421 2422 2423 2424 2425 2426 2427 2428 2429 2430 2431 
98 _ 2432 2433 2434 2435 2436 2437 2438 2439 2440 2441 2442 2443 2444 2445 2448 2447 
99_ 2·HR 2449 2450 2451 2452 2453 2454 2455 2456 2457 2458 2459 2460 2461 2462 2463 
9A_ 2464 2465 2466 2467 2468 2469 2470 2471 2472 2473 2474 2475 2476 2477 2478 2479 
98_ 2480 2481 2482 2483 2484 2485 2486 2487 2488 2489 2490 2491 2492 2493 2494 2495 
9C_ 2496 2497 2498 2499 2500 2501 2502 2503 2504 2505 2506 2507 2508 2509 2510 2511 
9D_ 2512 2513 2514 2515 2516 2517 2518 2519 2520 2521 2522 2523 2524 2525 2526 2527 
9E_ 2528 2529 2530 2531 2532 2533 2534 2535 2536 2537 2538 2539 2540 2541 2542 2543 
9F _ 2544 2545 2546 2547 2548 2549 2550 2551 2552 2553 2554 2555 2556 2557 2558 2559 
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AO _ 2560 2561 2562 2,563 2.564 256,5 2.'566 2567 2568 2569 2,570 2,571 2,572 2573 2574 2575 
Al _ 2,576 2577 2,578 2579 2580 2581 2,582 2.'583 2584 258.'5 2.586 2.'587 2.'588 2.589 2590 2591 
A2 _ 2.'592 2593 2594 2595 2.'596 2.'597 2598 2599 2600 2601 2602 2603 2604 2605 2606 2607 
A3 _ 2608 2609 2610 2611 2612 2613 2614 2615 2616 2617 2618 2619 2620 2621 2622 2623 
A4_ 2624 2625 2626 2627 2628 2629 2630 2631 2632 2633 2634 2635 2636 2637 2638 2639 
A,5 _ 2640 2641 2642 2643 2644 2645 2646 2647 2648 2649 2650 2651 26,52 2653 2654 2655 
A6 _ 26,56 26,57 2658 2659 2660 2661 2662 2663 2664 266,5 2666 2667 2668 2669 2670 2671 
A7 _ 2672 2673 2674 2675 2676 2677 2678 2679 2680 2681 2682 2683 2684 2685 2686 2687 
A8 _ 2688 2689 2690 2691 2692 2693 2694 2695 2696 2697 2698 :!699 2700 2701 2702 2703 
A9 _ 2704 2705 2706 2707 2708 2709 2710 2711 2712 2713 2714 :!71.'5 2716 2717 2718 2719 
AA _ 2720 2721 2722 2723 2724 2725 2726 2727 2728 2729 2730 2731 2732 2733 2734 2735 
AB_ 2736 2737 2738 2739 2740 2741 2742 2743 2744 2745 2746 2747 2748 2749 2750 2751 
AC_ 27.'52 2753 2754 2755 2756 2757 2758 2759 2760 2761 2762 2763 2764 2765 2766 2767 
AO_ 2768 2769 2770 2771 2772 2773 2774 2775 2776 2777 2778 2779 2780 2781 2782 2783 
AE _ 2784 2785 2786 2787 2788 2789 2790 2791 2792 2793 2794 2795 2796 2797 2798 2799 
AF _ 2800 2801 2802 2803 2804 2805 2806 2807 2808 2809 2810 2811 2812 2813 2814 2815 

BO _ 2816 2817 2818 2819 2820 2821 2822 2823 2824 2825 2826 2827 2828 2829 2830 2831 
Bl _ 2832 2833 2834 2835 2836 2837 2838 2839 2840 2841 2842 2843 2844 2845 2846 2847 
B2 _ 2848 2849 2850 2851 2852 2853 2854 2855 2856 2857 2858 28,59 2860 2861 2862 2863 
B3 _ 2864 2865 2866 2867 2868 2869 2870 2871 2872 2873 2874 2875 2876 2877 2878 2879 
B4 _ 2880 2881 2882 2883 2884 2885 2886 2887 2888 2889 2890 2891 2892 2893 2894 2895 
B5 - 2896 2897 2898 2899 2000 2901 2902 2903 2904 2905 2906 2907 2908 2909 2910 2911 
B6 _ 2912 2913 2914 2915 2916 2917 2918 2919 2920 2921 2922 2923 2924 2925 2926 2927 
B7 _ 2928 2929 2930 2931 2932 2933 2934 2935 2936 2937 2938 2939 2940 2941 2942 2943 
B8 _ 2944 2945 2946 2947 2948 2949 2950 2951 2952 2953 2954 2955 2956 2957 2958 2959 
B9 _ 2960 2961 2962 2963 2964 296.'5 2966 2967 2968 2969 2970 2971 2972 ~~ 2974 2975 
BA_ 2976 2977 2978 2979 2980 2981 2982 2983 2984 2985 2986 2987 2988 2990 2991 
BB_ 2992 2993 2994- 2995 2996 2997 2998 2999 3000 3001 3002 3003 3004 3005 3006 3007 
BC_ 3008 3009 3010 3011 3012 3013 3014 3015 3016 3017 3018 3019 3020 3021 3022 3023 
BD_ 3024 3025 3026 3027 3028 3029 3030 3031 3032 3033 3034 3035 3036 3037 3038 3039 
BE_ 3040 3041 3042 3043 3044 3045 3046 3047 3048 3049 3050 ,1051 3052 3053 3054 3055 
BF_ 3056 3057 3058 3059 3060 3061 3062 3063 3064 3065 3066 3067 3068 3069 3070 3071 

0 1 2 3 4 5 6 7 8 9 A B C 0 E F 
CO _ 3072 3073 3074 3075 3076 3077 3078 3079 3080 3081 3082 3083 3084 3085 3086 3087 
Cl _ 3088 3089 3090 3091 3092 3093 3094 3095 3096 3097 3098 3099 3100 3101 3102 3103 
C2 _ 3104 3105 3106 3107 3108 3109 3110 3111 3112 3113 3114 3115 3116 3117 3118 3119 
C3 _ 3120 3121 3122 3123 3124 3125 3126 3127 3128 3129 3130 3131 3132 3133 3134 3135 
C4 _ 3136 3137 3138 3139 3140 3141 3142 3143 3144 3145 3146 3147 3148 3149 3150 3151 
C5 _ 3152 3153 3154 3155 3156 3157 3158 3159 3160 3161 3162 3163 3164 3165 3166 3167 
C6 _ 3168 3169 3170 3171 3172 3173 3174 3175 3176 3177 3178 3179 3180 3181 3182 3183 
C7_ 3184 3185 3186 3187 3188 3189 3190 3191 3192 3193 3194 3195 3196 3197 3198 3199 

C8 - 3200 3201 3202 3203 3204 3205 3206 3207 3208 3209 3210 3211 3212 3213 3214 3215 
C9 _ 3216 3217 3218 3219 3220 3221 3222 3223 3224 3225 3226 3227 3228 3229 3230 3231 
CA_ 3232 3233 3234 3235 32.16 3237 3238 3239 3240 32-11 3242 3243 3244 3245 3246 3247 
CB_ 3248 3249 3250 3251 32.52 3253 3254 3255 32.56 3257 3258 3259 3260 3261 3262 3263 
CC_ 3264 3265 3266 3267 3:!68 3269 3270 3271 3272 3273 3274 3275 3276 3277 3278 3279 
CD_ 3280 3281 3282 3283 3284 3285 3286 3287 3288 3289 3290 3291 3292 3293 3294 3295 
CE_ 3296 3297 3298 3299 3300 3301 3302 3303 3304 3305 3306 3307 3308 3309 3310 3311 
CF _ 3312 3313 3314 3315 3316 3317 3.118 3319 3.320 3321 3322 3323 3324 3325 3326 3327 

00_ 3328 3329 3330 3331 3332 3333 3334 3335 3336 3337 3338 3339 3340 3341 3342 3343 
Dl_ 3344 3345 3346 3347 3348 3349 3350 3351 33.52 33.53 3354 3355 3356 3357 3358 3359 
02_ 3360 3361 3362 3363 3364 3365 3366 3367 3368 3369 3370 3371 3372 3373 3374 3375 
03_ 3376 3377 3378 3379 3380 3381 3382 3383 3384 3385 3386 3387 3388 3389 3390 3391 
04 _ 3392 3393 3394 339.5 3396 3397 3398 3399 3400 3401 3402 3403 3404 3405 3406 3407 
05 _ 3408 3409 3410 3411 3412 3413 3414 3415 3416 3417 3418 3419 3420 3421 3422 3423 
06_ 3424 3425 3426 3427 3428 3429 3430 3431 3432 3433 3434 3435 3436 3437 3438 3439 
07_ 3440 3441 3442 3443 3444 3445 3446 3447 3448 3449 3450 3451 345~ 3453 3454 3455 
D8_ 3456 3457 '3458 3459 3460 3461 3462 3463 3464 3465 3466 3467 3468 3469 3470 3471 
09_ 3472 3473 3474 3475 3476 3477 3478 3479 3480 3481 3482 3483 3484 3485 3486 3487 
OA_ 3488 3489 3490 3491 3492 3493 3494 3495 3496 3497 3498 3499 3500 3501 3502 3503 
DB_ 3S04 3505 3506 3507 3508 3509 3510 3511 3.512 3513 3514 3515 3516 3517 3518 3519 
DC_ 3520 3521 3522 3523 3524 3525 3526 3527 3528 3.529 3530 3531 3532 3533 3534 3535 
00_ 3536 3537 3538 3539 3.540 3541 3542 3.543 3544 3545 3546 3547 3548 3549 3550 3551 
DE_ 3.552 3553 3554 3555 3556 3.'5.'57 3558 3559 3560 3561 3562 3563 3564 3565 3566 3567 
OF_ 3568 3569 3570 3571 3572 3573 3574 3575 3576 3577 3578 3579 3580 3581 3582 3583 
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1. 0 1 2 3 4 5 6 7 8 9 A B C D E F 

Eo~584 3585 3586 3587 3588 3589 3590 3591 3592 3593 3594 3595 3596 3597 3598 3599 
EL 3600 3601 3602 3603 3604 3605 3606 3607 3608 36()9 3610 3611 3612 3613 3614 3615 
E2_ 3616 3617 3618 3619 3620 3621 3622 3623 3624 3625 3626 3627 3628 3629 3630 3631 
E3_ 3632 3633 3634 3635 3636 3637 3638 3639 3640 3641 3642 3643 3644 3645 3646 3647 
E4_ 3648 3649 3650 3651 3652 3653 3654 3655 3656 3657 3658 3659 3660 3661 3662 3663 
E5_ 3664 3665 3666 3667 3668 3669 3670 3671 3672 3673 3674 3675 3676 3677 3678 3679 
E6_ 3680 3681 3682 3683 3684 3685 3686 3687 3688 3689 3690 3691 3692 3693 3694 3695 
E7 _ 3696 3697 3698 3699 3700 3701 3702 3703 3704 3705 3706 37(11 3708 3709 3710 3711 
E8_ 3712 3713 3714 3715 3716 3717 3718 3719 3720 3721 3722 3723 3724 3725 3726 3727 
E9_ 3728 3729 3730 3731 3732 3733 3734 3735 3736 3737 3738 3739 3740 3741 3742 3743 
EA_ 3744 3745 3746 3747 3748 3749 3750 3751 3752 3753 3754 3755 3756 3757 3758 3759 
EB_ 3760 3761 3762 3763 3764 3765 3766 3767 3768 3769 3770 3771 3772 3773 3774 3775 
EC_ 3776 3777 3778 3779 3780 3781 3782 3783 3784 3785 3786 3787 3788 3789 3790 3791 
ED_ 3792 3793 3794 3795 3796 3797 3798 3799 3800 3801 3802 3803 3804 3805 3806 3807 
EE_ 3808 3809 3810 3811 3812 3813 3814 3815 3816 3817 3818 3819 3820 3821 3822 3823 
EF_ 3824 3825 3826 3827 3828 3829 3830 3831 3832 3833 3834 3835 3836 3837 3838 3839 
FO _ 3840 3841 3842 3843 3844 3845 3846 3847 3848 3849 3850 3851 3852 3853 3854 3855 
Fl _ 3856 3857 3858 3859 3860 3861 3862 3863 3864 3865 3866 3867 3868 3869 3870 3871 
F2 _ 3872 3873 3874 3875 3876 3877 3878 3879 3880 3881 3882 3883 3884 3885 3886 3887 
F3 _ 3888 3889 3890 3891 3892 3893 3894 3895 3896 3897 3898 3899 3900 3901 3902 3903 
F4 _ 3904 3905 3906 3907 3908 3909 3910 3911 3912 3913 3914 3915 3916 3917 3918 3919 
F5 _ 3920 3921 3922 3923 3924 3925 3926 3927 3928 3929 3930 3931 3932 3933 3934 3935 
F6 _ 3936 3937 3938 3939 3940 3941 3942 3943 3944 3945 3946 3947 3948 3949 3950 3951 
F7_ 3952 3953 3954 3955 3956 3957 3958 3959 3960 3961 3962 3963 3964 3965 3966 3967 
F8 _ 3968 3969 3970 3971 3972 3973 3974 3975 3976 3977 3978 3979 3980 3981 3982 3983 
F9_ 3984 3985 3986 3987 3988 3989 3990 3991 3992 3993 3994 3995 3996 3997 3998 3999 
FA_ 4000 4001 4002 4003 4004 4005 4006 40(11 4008 4009 4010 4011 4012 4013 4014 4015 
FB_ 4016 4017 4018 4019 4020 4021 4022 4023 4024 4025 4026 4027 4028 4029 4030 4031 
FC_ 4032 4033 4034 4035 4036 4037 4038 4039 4040 4041 4042 4043 4044 4045 4046 4047 
FD_ 4048 4049 4050 4051 4052 4053 4054 4055 4056 4057 4058 4059 4060 4061 4062 4063 
FE_ 4064 4065 4066 4067 4068 4069 4(110 4071 4(112 4073 4074 4(115 4076 4077 4(118 4079 
FF _ 4080 4081 4082 4083 4084 4085 4086 4087 4088 4089 4090 4091 4092 4093 4094 4095 
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APPENDIX F OPERATION CODES 

Operation Codes 

Op Code 

Nome Mnemonic Hexadecima Binary Closs Format 

Branch on Condition BCR 07 0000 o 1 1 1 Branching RR 

Branch and Store BASR aD 0000 1 1 0 1 Branching RR 

Add AR lA 000 1 1010 Binary RR 

Subtract SR 1 B 000 1 101 1 Binary RR 

Store Halfword STH 40 0100 0000 Binary RX 

Branch on Condition BC 47 0100 o 1 1 1 Branching RX 

Load Halfword LH 48 0100 1000 Binary RX 

Compare Halfword CH 49 0100 100 1 Binary RX 

Add Halfword AH 4A o 1 00 1010 Binary RX 

Subtract Ha I fword SH 4B 0100 101 1 Binary RX 

Branch and Store BAS 40 0100 1 101 Branching RX 

""Diagnostic 83 100 a 001 1 Special 51 

T est under Mask TM 91 100 1 000 1 Logical SI 

Move MVI 92 100 1 0010 Logical SI 

5et PSW SPSW 81 1000 000 1 Branching SI 

And NI 94 100 1 0100 Logical 51 

Compare CLI 95 100 1 01,0 1 Logical 51 

Or 01 96 1 0 a 1 0110 Logical 51 

Hal t & Proceed HPR 99 1 001 100 1 Logical 51 

T est I/O and Branch TIOB 9A 100 1 1010 Input/Output 10 

Control I/O CIO 9B 100 1 101 1 Input/Output 10 
Transfer I/o XIO DO 1 1 a 1 0000 Input/Output 10 

Move Numerical MVN Dl 1 101 0001 Logical 55 

Move Characters MVC D2 1 101 0010 Logical 55 

Move Zone MVZ D3 1 101 001 1 Logical 55 

Compare CLC D5 1 101 o 10 1 Logical 55 

Edit ED DE 1 101 1 1 10 Logical 55 

Move with Offset MVO Fl 1111 000 1 Decimal 55 

Pock PACK F2 1111 0010 Decimal 55 

Unpack UNPK F3 1111 001 1 Decimal 55 

.Z eroand Add ZAP F8 1111 1000 Decimal 55 

Compare Decimal CP F9 1111 100 1 Decimal 55 

Add Decimal AP FA 1111 1010 Decimal 55 

Subtract Decimal 5P FB 1111 101 1 Decimal 55 

Multiply Decimal MP FC 1111 1 100 Decimal 55 

Divide Decimal DP FD 1111 1 101 Decimal 55 
Translate TR DC 1 101 1 100 Logical 55 

"" The Diagnostic instruction is used in special programs by the IBM Customer Engineer 
to verify the proper functioning of the CPU and to assist in locating faulty components. 
It is not intended for use in programs for normal applications and its use should be 
avoided, because the status of the CPU, the condition code, the contents of registers 
and main storage, and the progress of I/O operations may be affected. 
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APPENDIX G CONDITION CODE 

Instruction Condition Code Setting 

00 01 10 11 

Add zero <zero > zero --
Subtract zero < zera >zera --

Compare Halfword equal low high --
Add Halfword zero < zero >zera --
Subtract Halfword zero < zero > zera --

Zero &. Add zero <zero > zera --
Compare Decimal equal law high --
Add Decimal zera <zera > zera averflow 

Subtract Decimal zero <zero > zero overflow 

~ 

T est under Mask zero mixed -- ali one 

And zero not zero -- --
Compare Logical equol low high --
Or zero not zero -- --
Edit zero <zera > zero --
Transfer I/O available working -- not operational 
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APPENDIX H SYSTEM/360 MODEL 20 TIMING 

r Procnsing 
Operation 

Format 

8ronch on Condition RR 

8ranch and Store RR 

Add RR 

Subtract RR 

Store Halfword RX 

8ronch on Condition RX 

Load Ha I fword RX 

Compare Halfword RX 

Add Halfword RX 

Subtract Halfword RX 

Branch and Store RX 

T est Under Mask 51 

Move 51 

Set PSW 51 

And 51 

Compare Logical 51 
10-

Or 51 

Halt and Proceed 51 

Move Numerical 55 

Mave Characters 55 

Move Zone 55 

Compare Logical 55 

Edit 55 

Move with Offset 55 

Translate 55 

Pack 55 

Wrlemonic 

BCR 

BASR 

AR 

SR 

5TH 

Be 

LH 

CH 

AH 

SH 

BAS 

TM 

MVI 

SPSW 

NI 

Cli 

01 

HPit 

MVN 

MVC 

MVZ 

ClC 

ED 

MVO 

TR 

PACK 

Timing (Average in microsecands with 
Time Shoring Switch On) 

78 

9 .. 

17 .. 

183 

117 

110 

12 .. 

223 

209 

216 

12 .. 

132 

10.4 

1 .. 9 

123 

122 

I~ 

lOS 

137 + 16N 

137 + 16N 

137 + 16N 

126 + 248 

165 + 26N} 

170 + 10.2N} + 7.8N2 (if N} > N2) 

170+ 18.0N} (ifN} ~N2) 

• 182 + 27N2(N:! + P3 - I) + 16.8P1 + 9.6N1 - ". 8N2 
2 

• }Use 182, if2N}- (~+ I) is> 0 

Use 161, if2Nt - (~+ I) is < 0 
~--------------+-----4--------+----------. 

Unpack 55 

Compare Decimal 55 

Add Decimal 55 

Subtract Decimal 55 

Multiply Decimal 55 

Divide Decimal 55 

Zero and Add 55 

UNPK 

CP 

AP 

SP 

MP 

DP 

ZAP 

178 + 9.6N1 + 8."N2 + P4 (5 + ..... N1 - 8 ... N2) 

312 + 13.2N2 + (N2 - 1) (69 + 15P8) + (N1 - N2) 

(38 + 9P,) + 12P6 

}

312 + 13.2N2 + (N2 - 1) (69 + 15P5 ) + (Nt - N2) 

(38 + 9P5 ) + 12P6 + P7 (15 + 57~) 

(The formula is the _ for both instructions) 

215 + 2ON2 + (Nt - N2) (70 + 9.6N2) + kOpldig 

(39 + 9.6N1 + .... N2) 

325 + 250 N2 + (Nt - N2) (ISO + 250 N2) + tQ 

(100 + 50 Nol ) 

210 + 10.2Nt + 13.2~ 

Notn: With time sharing switch OFF, ond 22 usec to each instructian. S>""bols used In the timing formulas: 
When effective address generation (Indexing) i5 used, add 56 usee 

f,.. each generated addr .... 

The following con.tants mUit be placed into the respective formulas 
in the paaitions indicated by Pt through P8: 

Pt = 1 if 2Nt - (N2 + f) is odd P4 = I if NI + 1 - 2N2 is <0 

o if 2 N I - (N 2 + I) is even o if N I + I - 2 N2 is ~ 0 

P2 = I if NI = N2 = 1 Ps = For Add: 

o if other 
I if the signs of Oprd 1 and Oprd 2 diff.r 
o if the signs of both Oprda are alike --

P3 = 1 if N2 is odd For Subtract: 
I if the signs of both Oprds are alike o if N2 is even o if the signs of Oprd I and 2 diff.r 

N - Number of bytes in field {defined by coupled field length) 

Nt = Number of bytes in the fint operand 

N2 = Number of bytes in the second operand 

= Total number of bytes processed 

l:Q = Sum 01 quotient digits 

2:0pl dig = Sum of operand 1 digits 

P6 = I if L\ > l2 

o if L 1 = L 2 

P-r = 1 if Recomplement desired 
o if No Recomplement dnired 

PM = I if the signs of Oprd 1 and Oprd 2 or. alike 
o if the signs of the Oprds diff.r 
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Average CPU Time Required for Time-Shared Input/ 
Output Operations (Time in Milliseconds) 

Machine Operation Timing Formula 

2501 .. Card Read 0.065 . F 

2520 Card Read 0.065 • F 
2520 Card Punch 8.0 
2560 Card Read 0.065 • F 
2560 Card Punch 0.061 • F 
2560 Card Print H ·0.065 • F 
2203 Print 18 ·0.0047 . F 
1442 Card Punch 0.061 • F 
1419 Read or Wri te 0.055 • F 

CA Transmit or Receive 0.070 • F 

Symbols: F = Input/Output Fie Id Length Specified 
in XIO Instruction. 
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H = Number of Print Heads Se lee ted for 
Printing 

18 = Number of Characters in the typebar. 

I/O 
Device 

2501 
2501 
2501 

2520 
2520 
2520 
2520 
2520 
2520 
2520 
2520 
2520 
2520 

2560 
2560 
2560 
2560 
2560 
2560 
2560 
2560 
2560 
2560 
2560 

1442 
1442 
1442 
1442 

2203 
2203 
2203 
2203 
2203 
2203 

1403 
1403 
1403 
1403 
1403 
1403 

1419 
1419 
1419 
1419 
1419 

Comm 
Adapter 

Input/Output Timing (Average) J 
Operation Formot Mnemonic in Microseconds 

Read Card 10 XIO 186 

Test Reader Busy 10 TlOB 112 

Test Reader Error 10 TlOB 112 

Read Card 10 XIO 190 

Punch Card 10 XIO 172+24F+7(80-F) 

Punch ond Feed 10 XIO 172+24F+7(80-F) 

Test Reader Busy 10 TlOB 112 

Test Reader Errar 10 TlOB 112 

Test Punch Busy 10 TlOB 112 

Test Punch Error 10 TlOB 112 

Test last Card 10 TlOB 112 

Test Feed Error 10 TlOB 112 

Stacker Select 10 CIO 112 

Read Card 10 XIO 220 

Punch Card 10 XIO 216 

Punch and Feed 10 XIO 216 

Write Card 10 XIO 224 

Test Rdr/Pch Busy 10 TlOB 112 

Test Rdr/Pch Error 10 TlOB 112 

Test Printer Busy 10 TlOB 112 

Test Last Card 10 TlOB 112 

Test Feed Error 10 TIOB 136 

Stacker Select 10 CIO 118 

Print Head Select "10 CIO 116 

Punch Card 10 XIO 183 

Test Punch Busy 10 TlOB 112 

Test Punch Error 10 TlOB 112 

Test Feed Error 10 TIOB 112 

Print 10 XIO 2100+45.2F 

Test Printer Busy 10 TlOB 115 

Test Printer Error 10 TlOB 115 

Test Chan 9 or 12 10 TlOB 115 

Test Carriage Busy 10 TlOB 115 

Control Carriage 10 CIO 125 

Print (48 Char) 10 XIO 2400+6.6F 

Print (Numeric) 10 XIO 2400+ 10.5F 

Test Printer Busy 10 TlOB 115 

Test Printer Error 10 TIOB 115 

Test Chan 9 ar 12 10 TlOB 115 

Control Carriage 10 CIO 120 

Read I/O DeviCe 10 XIO 187 

Write '/0 Device 10 XIO 204 

Test '/0 Trans Line 10 TlOB 112 

Unit Select 10 CIO 112 

" I/O Select 10 CIO 110 

Tronsmit 10 XIO 190 

Receive 10 XIO 190 

Test for Busy 10 TlOB 120 

Test for Error 10 TlOB 120 

Test EOT 10 TlOB 115 

Test on BCD 10 TIOB 115 

Receive Mode 10 CIO 150 

Transmit Made .0 CIO 135 

Send EOT 10 C.O 135 

'nhibit Aud Alarm .0 CIO 120 ~ 



The following examples illustrate the use of 
System/360 instructions. Note that these examples 
closely approximate machine language to best illus­
trate the operation of the system. For clarity, the 
mnemonic for each operation code is used instead of 
the actual machine code. In addition, whenever pos­
sible, the contents of registers, storage locations, 

. and so on, are given in decimal notation rather than 
the actual binary formats. When binary formats are 
used, they are segmented into bytes (eight bits) for 
ase of visual comparison. 

Decimal Add 

The signed, packed decimal field at location 500-503 
is to be added to the signed, packed decimal field at 
location 2000-2003. 

Assume: 
Reg 12 
Reg 13 
Loc 2000-2003 (before) 
Loc 500-503 

The instruction is: 

D. .. 

20 00 
0480 

00 38 46 0-
01 12 34 5+ 

20 [] 

1m .. I 

Loc 2000-2003 (after) 00 73 88 5+ 
Condition code = 2; sum is greater than zero. 

Zero and Add 

The signed, packed decimal field at location 4500-
4502 is to be moved to location 4000-4004 with four 
~ading zeros in the result field. 

Assume: 
I 

Reg 9 4000 
Loc 4000-4004 (before) 12 34 56 78 90 
Loc 4500-4502 38 46 0-

The instruction is: 

o.C" L. 10 .. Da .. 

500 [] 

~ 

Loc 4000-4004 (after) 00 00 38 46 0-
Condition code = 1; sum is less than zero. 

APPENDIX I INSTRUCTION USE EXAMPLES 

Compare Decimal 

The contents of location 700-703 are to be compared 
algebraically with the contents of location 500-503. 

Assume: 
Reg 12 
Reg 13 
Loc 700-703 
Loc 500-503 

The instruction is: 

o.C" L. 10 .. 

~13131121 
Da .. 

ISO ~~ 1131 

05 50 
0400 

17 25 35 6+ 
06 72 14 2+ 

Condition code = 2; first operand i:s high. 

Multiply Decimal 

The signed, packed decimal field in location 
1200-1204 is to be~multiplied by the signed, packed 
decimal field in location 500-501, and the product 
is to be placed in location 1200-1204. 

Assume: 
Reg 8 
Reg 9 
Loc 1200-1204 (before) 
Loc 500-501 

The instruction is: 

12 00 
02 50 

00 00 38 46 0-
32 1-

o.C" L. 10 .. Da .. 

250 [] 

Loc 1200-1204 (after) 01 23 45 66 0+ 
Condition code: unchanged. 

Divide Decimal 

The signed, packed decimal field at location 
2000-2004 is to be divided by the packed decimal 
field at location 3000-3001. 

Assume: 
Reg 12 
Reg 13 
Loc 2000-2004 (before) 
Loc 3000-3001 

18 00 
2500 

01 2:1 45 67 8+ 
32 1-
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The instruction is: 

Op c..... l, l, I, D, .. 

0U 41 J 1121 200 ~~ /13 I 

Loc 2000-2004 (after) 38 46 0- 01 8+ 
where the quotient is 38460-and the remainder 
is 018+ 
Condition code: unchanged. 

Pack 

Assume locations 1000-1004 contain the following: 
ZI Z2 Z3 Z485 

where Z = four-bit zone code 
8 = four-bit sign code 

The field is to be in packed format with two 
leading zeros and placed in location 2500-2503. 

Reg 12 10 00 
Reg 13 25 00 
Loc 1000-1004 Zl Z2 Z3 Z485 
Loc 2500-2503 (before) ABC D 

The instruction is: 

ope..... l, l, I. D, .. 

Ip ACK ~~ I 3 I 4 I 131 o ~~ 1121 o i\J 
Loc 2500-2503 (after) 00 12 34 58 

, Condition code: unchanged. 

Unpack 

Assume locations 2501-2503 contains the following 
fields: 

12 34 58 
This field is to be put into zoned format and 

placed in the locations 1000-1004 where: 8 is a 
four-bit sign code. 
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Reg 12 
Reg 13 

10 00 
2500 

Loc 2501-2503 
I Loc 1000-1004 (before) 

12 34 58 
ABC D E 

The instruction is: 

OpC_ l. l, I, D, .. 

~14121121 o ~~ 1131 

and results in 
Loc 1000-1004 (after) Zl Z2 Z3 Z4 85 
where Z is a four-bit zone code. 
Condition code: unchanged. 

Move with Offset 

The unSigned three-byte field at location 4500-.( 
is to be moved to location 5600-5603 and given the 
sign of the one byte field location at 5603. 

Assume: 
Reg 12 
Reg 15 
Loc 5600-5603 (before) 
Loc 4500-4502 

The instruction is: 

Loc 5600-5603 (after) 
Condition code: unchanged. 

Move Immediate 

5000 
4000 

77 88 99 0+ 
12 34 56 

500 ~\J 

01 23 45 6+ 

A dollar sign ($) is to be placed in location 2100, 
leaving locations 2101-2105 unchanged. Let Z rep­
resent a four-bit zone. 

Assume: 
Reg 12 20 00 
Loc 2100-2105 (before) ZO Z1 Z2 Z3 Z5 ZO 

The instruction is: 

.. 
MVI s 12 100 

Lac 2100-2105 (after) $ Zl Z2 Z3 Z5 ZO 
Condition code: unchanged. 

Move Numeric 

Let Z and Y represent four-bit zones. The numeric 
parts of the eight-bit characters in the field at loea­
tions 6070-6074 are to be replaced by the numeric ( 
parts of eight-bit characters at locations 8080-8084. 

Assume: 
Reg 12 
Reg 15 
Loc 6070-6074 (before) 
Loc 8080-8084 

The instruction is: 

6000 
80 00 

Y1 Y2 Y3 Y4 Y5 
Z3 Z6 Z9 Z7 Z8 

Opc.. .. II. .. 

I~N»~1--4~1-12~1--~~>gl-5~1---~--~ 



Loc 6070-6014 (after) 
Condition code: unchanged. 

ve Zones 

Y3 Y6 Y9 Y7 Y8 

Let Z and Y represent four-bit zones in the eight-bit 
characters making up the fields at location 2006-
2010 and 3007-3011, respectively. The zones of the 
field at 2006-2010 are to be replaced by the zones 
from location 3007-3011-

Assume: 
Reg 12 
Reg 15 
Loc 2006-2010 (before) 
Loc 3007-3011 

The instruction is: 

20 00 
30 00 

Zl Z4 Z7 Z8 Z5 
Y8 Y7 Y4 Y6 Y8 

o,.c.... .. o. .. 

I MVZ ~~ I ~ 112 I 7 >~ 

Loc 2006-2010 (after) Y1 Y4 Y7 Y8 Y5 
Condition code: unchanged. 

Test Under Mask 

Test bit positions 0, 2, 3, and 6 of a given byte in 
storage to determine if all of these bit positions con­

,n Is. A Test Under Mask instruction with a mask 
, vi 10110010 = 17810 is used. The byte to be tested 

is stored a~ location 1250 and contains 0110110l. 
Assume: 
Reg 10 12 00 

The instruction is: 

TM 

Mask from TM 
Byte tested 
Selected result 

178 

.. 
10 so 

10110010 
01101101 
00100000 

Condition code = 1; some selected bits are 0, 
somE1 selected bits are 1 (mixed). 

Translate 

Assume a stream of 20 characters comes into loca­
tion 2100 in EBCDIC. Translate to ASCll-8. 

Assume: 
Reg 12 
Reg 15 
Loc 2100-2119 (before) 

20 00 
10 00 

JOHN JONES 257 W.95 

The instruction is: 

o,.c.... •• 

0H 191121 

Loc 2100-2119 (after) JOHN JONES 257 W. 95 
where the overbar means the same graphic in 
ASCII-8 
Condition code: unchanged. 

Translate Table 

1016 

1032 

1048 

(" -
+ 1()6.4 BI 

s -;- ") 1080 & 
~~+-+-+-4-~~-+-+-+-+~--f--r-~ 

1096 -=- 7 % 

, - • @ 1112 

1128 obcdefghi 

,II" kim nap q r 

1160 tuvwlCyz 

1176 

1192 ABC 0 E F G H 1 

1208 JK L M N 0 P Q R 

--------
5 TUVWXYZ 122" 

12 .. 0 "0 1 2" 3" "4 5" 6" 7' "8 9" 
1255 ffiEJ 

Branch On Condition 

Assume a prior operation has been performed which 
resulted in setting the condition code in the PSW. The 
program is to branbh if the result of the previous 
operation is nonzero. 

The Branch On Condition instruction with a mask 
of 0111 = 710 in the Ml field becomes a Branch-on-
Nonzero instruction. 

Reg 5 00 00 01 00 
Reg 12 00 04 00 00 

The instruction is: 

o,.c .... M. X. .. Do 

Be 7 5 12 100 

and causes a branch to location 410, provided 
the condition code is not zero. 
Condition code setting is unchanged. 
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APPENDIX J 4-0F -a/EBCDIC CONVERSION TABLE 

Graphic 
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Nxoa 8421 

o 000 1 1 1 1 

00010111 

o 0 0 1 1 0 1 1 

00011101 

o 0 0 1 1 1 1 0 

o 0 1 0 0 1 1 1 

o 0 1 0 1 0 1 1 

o 0 1 0 1 1 0 1 

o 0 1 0 1 1 1 0 

o 0 1 1 0 1 1 0 

o 0 1 1 1 0 1 0 

o 0 1 1 1 1 0 0 

o 1 0 0 0 1 1 1 

o 1 0 0 1 0 1 1 

o I 0 0 

o I 0 0 

o 1 0 1 

o 1 0 1 

o 1 0 1 

1 I 0 I 

1 1 1 0 

o 1 1 0 

101 0 

1 1 0 0 

o 1 1 0 0 0 1 1 

01100101 

01100110 

01101001 

01101010 

01101100 

01110001 

01110010 

01110100 

01111000 

10000111 

10001011 

1 000 1 1 0 1 

EICDIC 

o 1 2 3 4 5 6 '1 

o 1 1 1 1 1 0 1 

1 1 1 1 0 1 1 1 

o 1 1 1 1 0 1 1 

o 1 1 1 1 1 1 1 

o 1 1 1 1 1 1 0 

1 1 1 0 0 1 1 1 

o 1 1 0 1 0 1 1 

o 1 1 0 1 1 1 1 

01111010 

o 1 0 0 1 1 1 0 

01101110 

o 1 0 1 1 1 1 0 

1 1 0 1 0 1 1 1 

o 1 0 1 1 0 1 1 

o I 0 1 1 1 1 1 

01100000 

o 1 0 0 1 101 

o 1 1 0 1 1 0 1 

o 1 0 1 1 101 

11000011 

11000101 

llOO 0110 

1 1 0 0 1 0 0 1 

o 1 0 0 101 0 

o 1 0 0 1 100 

11000001 

11000010 

1 100 0 1 0 0 

1 100 1 000 

11000111 

01001011 

o 1 0 0 1 1 1 1 

Graphic 
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NXOI 842 1 o I 2 3 456 7 

1 000 1 1 1 0 o 1 0 I 000 0 

1 001 o 0 I 1 1 I 1 1 o 0 1 1 

1 o 0 I o 1 0 1 1 1 I 1 o 1 0 1 

1 o 0 1 o 1 1 0 1 1 1 1 o 1 1 0 

1 o 0 1 1 001 1 1 1 1 100 1 

1 o 0 1 101 0 1 1 1 1 o 0 0 0 

1 o 0 1 1 1 0 0 o 1 1 1 1 1 0 0 

1 0 1 0 o 0 1 1 1 1 1 0 o 0 1 1 

1 0 1 0 o 1 0 1 1 1 1 0 o 1 0 1 

1 0 1 0 o 1 1 0 1 1 1 0 o 1 1 0 

1 0 1 0 1 001 1 1 1 0 100 1 

1 0 1 0 101 0 1 1 1 0 000 0 

1 0 1 0 1 1 0 0 o 1 1 0 1 1 0 0 

1 0 1 1 000 1 o 1 1 0 000 1 

1 0 1 1 001 0 1 1 1 0 001 0 

1 o 1 1 o 1 0 0 1 1 1 0 o 1 0 0 

1 o 1 1 100 0 1 1 1 0 100 0 

1 100 o 0 1 1 1 1 o 1 o 0 1 1 

1 1 o 0 o I 0 1 1 1 o 1 010 1 

I 1 o 0 o 1 1 0 1 1 o 1 o 1 1 0 

1 100 100 1 1 1 o 1 1 001 

1 1 o 0 101 0 0 1 o 1 1 0 1 0 

1 1 o 0 1 1 0 0 0 101 1 I 0 0 

1 1 o I 000 I 1 1 0 1 000 1 

1 1 0 1 001 0 1 1 o 1 001 0 

1 1 o 1 o I' 0 0 1 1 0 1 o 1 0 0 

1 1 o 1 1 000 1 1 0 1 1 000 

1 1 1 0 000 1 1 1 1 1 000 1 

1 1 1 0 001 0 1 1 1 1 001 0 

1 1 1 0 o 1 0 0 1 1 1 1 o 1 0 0 

1 1 1 0 1 000 I 1 1 1 100 0 

1 1 1 1 o 0 0 0 0 1 o 0 o 0 0 0 



EBCDIC 4 of 8 EBCDIC 4 of 8 

Graphic 
o 1 23 4567 NXOR 842 1 

Graphic 
a 1 23 4567 N X 0 R 8421 

blank o 100 0000 1 1 1 1 0000 F 1 100 o 1 10 a 1 1 0 01 1 () 

~ a 100 1010 0 1 1 a 1010 G 1 100 01 1 1 1 a a 0 a 1 1 11 

a 100 101 1 1 a o a 101 1 H 1 100 10 a 0 0 1 1 1 100 () 

< a 100 1 100 0 1 1 0 1 100 I 1 100 100 1 0 1 1 a 100 11 

( 0100 1 101 0 1 o 1 o 1 10 J 1 101 a 0 a 1 1 1 o 1 0001 

+ 0100 1 1 10 0 0 1 1 o 1 10 K 1 101 001 a 1 1 o 1 0010 

I a 1 00 -1111 1 a o a 1 101 l 1 101 a a 1 1 1 1 o 0 001 1 

& a 1 a 1 0000 1 a 0 0 1 1 10 M 1 101 0100 1 1 o 1 a 1 00 

I o 101 1010 1 1 a a 1010 N 1 101 a 10 1 1 1 o 0 010 1 

$ 0101 101 1 a 1 o a 101 1 0 1 101 01 10 1 1 a a a 1 1 (I 

* a 101 1 100 1 1 o a 1 100 P 1 101 01 1 1 0 1 o a all 1 

) 0101 1 101 0 1 a 1 1 100 Q 1 101 1000 1 1 o 1 1000 

; a 101 1 1 10 a 0 1 1 1 100 R 1 101 1001 1 1 a 0 100 1 

...., a 101 1111 a 1 a a 1101 none 1 1 10 0000 1 a 1 0 101 (I 

- a 1 10 0000 a 1 o 0 1 1 1 0 5 1 1 10 001 0 1 0 1 1 a a 1 (I 

/ a 110 000 1 1 a 1 1 0001 T 1 1 10 001 1 1 0 1 a 001 1 

o 1 1 0 101 1 a a 1 0 101 1 U 1 1 10 o 10 a 1 a 1 1 a 1 0 (I 

% a 1 10 1100 1 a 1 a 1 100 V 1 1 10 o 10 1 1 a 1 0 a 1 a 1 

- 0110 1 101 0 1 a 1 1010 w 1 1 10 01 1 0 1 a 1 0 a 1 1 (I 

> o 1 1 0 11 10' a a 1 1 1010 X 1 1 10 a 1 1 1 0 a 1 a a 1 1 1 

? (j 1 1 0 1111 a a 1 0 1101 Y 1 1 1 a 10 a a 1 a 1 1 10 a (I 

: a 1 1 1 10 1 0 0 a 1 a 1 1 10 z 1 1 1 a 100 1 1 a 1 a 100 1 

II a 1 1 1 1 0 1 1 0 a a 1 101 1 a 1111 0000 1 a a 1 10101 

(tV 0111 1 100 1 0 o 1 1 100 1 1111 0001 1 1 1 a 0001 

I o 1 1 1 1101 0 a o 0 1111 2 1111 a a 1 0 1 1 1 a 0010 

= a 1 1 1 1 1 10 0 0 o 1 1 1 1 0 3 1111 a 01 1 1 a a 1 a 01 1 

\I a 1 1 1 1111 0 a a 1 1 101 4 1111 a 10 0 1 1 1 a a 1 001 

A 1 100 0001 0 1 1 1 a a 01 5 1111 0101 1 a a 1 a 1 a 1 

B 1 100 0010 0 1 1 1 0010 6 1111 01 10 1 a a 1 01 10 

C 1 100 001 1 0 1 1 a a 01 1 7 1111 01 1 1 a a a 1 01 1 1 

D 1 100 0100 0 1 1 1 0100 8 1111 1000 1 1 1 0 100 0 

E 1 100 a 10 1 0 1 1 a a 10 1 9 1111 1001 1 a o 1 100 1 
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APPENDIX K CARD CODE TABLE 

Extended Binary-Coded Deci,mol Interchange Code (EBCDIC) Card Code Table 

III 
Bit Positions of a Byte 0, 1, 2, 3, oi, 5, 6, 7 

4567 

0000 

0001 

0010 

0011 

0100 

0101 E9 
5 5 

0110 E9 9 
6 6 

all E9 9 
7 7 

1000 E9 9 
8 8 

E9 
18 
E9 
28 

1100 

1101 

1110 

1111 

,a 4 5 6 

Hexadecimal Representation for Bits 0 1 23 ,(Data Switch 1) 

The numbers contained in the blocks represent row punches in the cord. 
"T" indicates a twelve zone punch. 
"E" indicates al'feleven zone punch. 
EBCDIC graphic characters are shown in the shaded areas. 
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APPENDIX L. BSCA TABLES 

ASCII Table 

lumn 0 2 3 -4 5 6 7 

Row 
Bits -.. 765 

! 0 0 1 I I 
0 0 0 0 1 1 

4321 0 I 0 I 0 I 

0 0000 NUL DLE '\. @ P 

000 I SOH DCI A QI a q 

2 001 0 STX DC2 b 

3 001 1 ETX DC3 C 

4 0100 EOT DC-4 0 T d 

5 0101 ENQ NAK U e u 

6 01 10 ACK SYN F V v 

7 o I I I BEL ETB G W 9 w 

8 1000 BS CAN H X h x 

9 1001 HT EM Y y 

10 1010 LF SS Z z 

11 101 I VT ESC K [ k 

12 1 100 FF FS -, 

13 1 101 CR GS M ] m 

14 1 1 00 SO RS N A n 

15 1111 SI ITB a 0 DEL 

• = Column 3 Characters 

Figure L-l. ASCn Table I 012591 
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EBCDIC Tabl. 

Bit positions 0,1 contain ----------~. 00 01 10 
~------~A~------~ r-______ JA~ ________ , ,~-------JA~------~ 

Bit positions 2,3 contain ~ 00 01 10 11 

IU f>O'U;on.', 5,6, 7 ,onto;. 1 
~-----+----~--~--~~--~ 

o 0 0 0 0 NUL OLE OS 

0001 SOH DCl SOS 

2 001 0 STX DC2 FS SYN 

3 0011 ETX DC3 

0100 PF RES BYP PN 

5 0101 HT NL LF RS 

6 01 10 LC BS EOB UC 

7 01 1 1 DEL IL PRE EOT 

8 1 000 CAN 

9 1001 EM 

10 1010 SMM CC SM 

11 1 0 1 1 VT CUI CU2 CU3 

12 1 1 0 0 FF FLS DC~ 

13 1 1 01 CR GS ENQ NAK 

1~ 1 1 1 0 SO RDS ACK 

15 1 1 1 1 SI ITB BEL SUB 

a = Column 3 Characters 

00 01 10 

NOTE: EOB is called ETB in the section "IBM Binary 
Synchronous Communication Adapter" af the manual. 

Figure L-2. EBCDIC Table 

Bit Valid on XIO Insn during Valid with 

11 

Position TSM REC Auto Call Insn 
r---

0 TSM/REC Mode Error X 
r---

1 EOT Received X 

2 CRC/LRC Check X 

3 Timeaut X X 
-. 
__ 4, Short Record (Field Length Zero) X X 

5 Storage Wraporound X X X 

6 Parity Check (VRC or BSCA Check) X X 

7 Overrun X X 

Figure L- 3. BSCA Sense Byte Table 
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Acceumechamsm 59 
Access time 59 
Add 10 
Add decimal 14 
Add halfword 9 
Address stop 28 
Addressing . ;4,91 

Address/register data switches 29 
Alternate track, assigning 76 
Alternate track, copying data on 76 
AND 21 
Assigning an alternate track 76 
At load point 56 
Audi ble alarm 84 
Auto answer 88 
Auto answer wait 88 
Auto answer/disconnect switch 87, 88 
Auto select 79 
Automatic sign standardization 11 
Available 32,39,40,43 
Awaiting reply 86 

Backspace block 52 

BaCkspace file 52 
Backward memory 57 
Batch numbering 80 
BCD switch, binary 87 
Binary arithmetic 7 
Binary arithmetic error conditions 10 
Binary instructions 8 
Binary representation 7 
Binary!BCD switch 87 
Branch and store 24 
Branch instructions 23 
Branch on condition 23 
Branching 22 
Bus out check 56 
Busy 54,86 

CA instructions 81 
CA timing conditions 89 

Card I/O 27 
Card I/O device indicators 26 
Central processing unit (CPU) 
Channel command word (CCW) 64 

Channel commands 49 
Channel data check 55 

• Channel end 54 
Channel status 72 
Channel status bit 55 
Channel status word 53 
Channel status word (CSW) 71 
Channel status word settings 73 
Character phase 86 
Check lights 85 
Check stop light 85 
CIO instruction 46,48 
C-compare 57 
Code translation 88 
Column binary feature 90 
Command chaining 51 

Command code (Figure 9) 64 
Command reject 55 
Communications adapter 81 

Compare decimal 14 
Compare halfword 9 
Compare logical 18 
Compatibility 90 
Condition code 8,12,17,32,36,37,39,40,43,46,84 
Condition code (CPU) 55 
Condition code in the PSW 73 
Condition code settings for decimal operations 12 
Condition code settings for logical operations 17 

Condition code setting 77 
Control 51 
Control I/O 33 
Control I/O and test I/O and branch instructions 72 
Control I/O instructions (CIO) 36,37,39,40,42.45,47,79 

Control switches 28 
Control unit 49 
Control unit commands 52 
Control unit end 54 
Copying data on an alternate track 76 
Count area 63 
CPU console 26 
Cyclic check 64 
Cylinder address 63 

Data area 64 
Data check 56,74 
Data checking 62 
Data conversion 57 
Data converter check 56 
Data formats 2.7.11,16,32 
Data length 64 
Data light/record lights 85 
Data records 62 
Data recovery 76 
Data recovery and flagging procedures 76 
Data register VRC 56 
Data set ready 86 
Data switches 28.29 
Data transfer 62 
Decimal arithmetic 10 
Decimal arithmetic error conditions 16 
Decimal instructions 12 
Decimal number 2 
Defective surfaces 75 
Description 82 
Device end 54 
Direct addressing 4 
Disconnect operation. auto answer 88 
Disconnect switch, auto answer 87 
Disk pack handling 61 
Di.k pack labeling 61 

Disk pack loading and unloading 61 
Disk pack storage 62 
Divide decimal 15 

Document to be read 78 
Document under the read head 78 
Dual-feed carriage 45 

INDEX 
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Edit 19 

Effective addressing 4 

Emergency off switch 28 

End data check 57 

End of cylinder 75 

Envelope check 57 

Equipm~llt check 56 

Enable/disable switch 61 

Erase gap 52 

Error conditions 22,25,33,73 

Explicitly addressed operands 

File protect 56 

Fill character 20 

Fixed-length logical data 2 

Flag byte 63 

5 

Flagging a defective track 76 

Flagging procedures, data recovery 76 

Forwardspace block 52 

Forwardspace file 52 

General registers 2,90 

Halt and proceed 22 

Halfword binary number 2,7 

Head address 63 

IBM 1419 Magnetic Character Reader 77 

IBM 1442 Card Punch, ModelS 36 

IBM 1403 Printers, Models 2,7, and N1 46 

IBM 2203 Printer 44 

IBM 2311 Disk Storage, Models 11 and 12 58 

IBM 2311 Disk Storage characteristics 59 

IBM 2415 characteristics 48 

IBM 2415 Magnetic Tape Drive and control unit 48 

IBM 2520 Card Read Punch and Card Punch 37 

IBM 2560 Multi-Function Card Machine 41 

IBM 2501 Card Reader, Models A1 and A2 37 

Immediate operands 5 

Incorrect length 55 

Indicators, attention 27 

Indicators, card I/O devices 26 

Indicators, register display 26 

Indicator, printer 26 

Indicator, process 26 

Indicator, select lock 61 

Indicator, stop key 27 

Information positioning 3 

Inhibit audible alarm (CIO) 85 

Input/output channel (IOC) 49 

Input/output devices 36 

Input/output operations 32 

Instrudtion execution 3 

Instruction format 3,8,12,17,23,32 

Instruction step 28 

Instructions 8, 12, 18,23,64 

Instructions and command codes 65 

Interblock gap noise S6 

Interface control check 55 

Interlock light 85 

Interrupt 55, 73 

Interruption 6,33 

Intervention required 55 

Intervention required and equipment check 74 
IOC 28 

I/O check reset key 27 
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Jam or sort check 79 

Key length 64 

Keys and switches 87 

Key, I/O check reset 27 

Key, power off 27 

Key, power on 27 

Key, program load 27 

Key, stop 26 

Key, start 26 

Key, system reset 26 

Lamp test switch 29 

Last card control 34 
Line receive, line transmit 87 

Line transmit and line receive 87 

Line turn- around delay 89 

Load halfword 9 

Logical data 2 

Logical instructions 18 

Logical operations 16 

LRC error/multiple track error 56 

LRCR error 

Main storage 

Main storage addressing 91 

Mode 1 set command 53 

Mode 2 set command 53 

Mode switch 28 

Move 18 

Move numerics 18 

Move with offset 13 

Move zones 18 

Multiple track error 56 

Multiply decimal 15 

No record found 75 

Normal stop conditions 30 

Not capable 56 

Not operational 32,39,41,43 

Number representation 7 

Operands 5 
Operands, explicitly addressed 5 

Operands, immediate 5 

Operands in registers 5 

Operating conditions 29 

Operating keys and indicators 26 

Operating principle 81 

Operating procedures 89 

Operation codes 90 

Operation switch 97 

Operator controls and indicators 60 

Optional features 57 

OR 21 

Ovemm 56 

Pack 13 

Packed decimal 2 

Packed decimal number 11 

Parity checking 2 

Pattem character 19 

Pocket selection time 79 

Power 27 

Power off key 27 



Power on key 27 

Print head selection 43 

Printer 27 

Printe·r indicator 26 

Process 27,28 

Process error stop conditions 31 

Process indicator 26 

Processor check light 85 

Program check 55 

Program control for pocket lights 80 

Program load key 27 

Program sort mode 79 

Program status word (PSW) 5 

Programming errOr stop 73 

Programming errOr stop conditions 30 

Programming errors 84 

Programming notes 16,24,42 

PSW format 24 

Punch card or punch and feed 38,41 

Read 51 

Read card 38,41 

Read count 67 

Read count and data 67 

Read data 66 

Read register VRC 57 

Read register VRC/envelope check 57 

Read transmission enor 79 

Ready 86 

Recalibrate 66 

Receive EOT 86 

Receive instruction (XIO) 83 

Receive operations 83 

Receive run 86 

Receive TEL 86 

Record lights, data light 85 

Record number 63 

Register alter 28 

Register display 28 

Register display indicators 26 
Reset 88 

Result condition 20 

Rewind 52 

Rewind and unload 52 

RR format 3 

Scan equal 69 

Scan high or equal 69 

Scan low or equal 68 

Sector format 63 

Seek 66 

Seek <;heck 75 

Select lock indicator 61 

Selective tape listing 46,48 

Send EOT iDSb.'uCtion (CIO) 83 
Send EOT key 87 

Send run 86 

Send TEL key 88 

Sense 51,69 

Sense byte 0 55 

Sense bytes 1, 2, 3 56 

Sense data description 

Sense data table 52 

Sense information 74 

55 

Service description 59 

Set PSW 24 

Set receive mode instruction (CIO) 83 

Set transmit mode instruction (CIO) 82 

Sharing, time 5 

SI format 3 

SIOC 28 

Skew error 57 

Sort check, jam 79 

Source digit 20 

Speed select switch 87 

SS fonnat 3 

Stacker selection 42 

Start for a receive operation without auto answer 89 

Start for receive operation with auto answer on at 

local CA 89 

Start key 26, 87 

Start/stop swi tch 60 

Status indicators 86 

Status modifier 54 

Stop 87 

Stop conditions, normal 30 

Stop conditions, programming error 30 

Stop conditions, process error 31 

Stop key 26,87 

Stop key indicator 27 

Storage alter 28 

StOrage capacity 59 

Storage control feature -- cyclic check 62 

Storage display 28 

Storage fill 29 

Storage medium (1316 disk pack) 59 

Storage scan 29 

Store halfword 9 

Subtract 10 

Subtract decimal 14 

Subtract halfword 9 

Switches, address/register data 29 

Switches, control 28 

Switches, data 29 

Switch, emergency off 28 

Switch, lamp test 29 

Switch, mode 28 

Switch, start/stop 60 

Switch, time-sharing 29 

Switch, enable/disable 61 
System reset key 26 

System stops 80 

Tape unit status A and B 56 

Test card printer busy 42 

Test carriage busy 45,47 

Test channel 9 44,47 

Test channel 12 44,47 

Test feed error 36, 39, 40, 42 

Test 1/0 and branch 32 

Test 1/0 and branch instructions (TIOB) 36,37,38,40, 

42,44,47,78 
Test last card 37,39,42 

Test pattern light 86 

Test printer busy 44,47 

Test printer error 

Test punch busy 

Test punch error 

44,47 

36,38,40 

36,38,40 
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Test reader busy 37,38 

Test reader error 37,38 

Test reader/punch busy 42 

Test reader/punch error 42 

Test under mask 22 

Time sharing 89 

Time-shariQg switch 29 

Track condition check 75 

Track format 63 

Transfer in channel (TIC) 51 

Transfer instructions (XIO) 36,37,38,40,41,44,47,77 
Transfer I/O 33 

Transfer I/O (XIO) 64 

Translate 22 

Transmit instruction (XIO) 82 

Transmit operations 82 
Trigger, S 19 

Two Is-complement notation 7 

Typical alternate track procedure 76 

Unit check 54 

Unit exception 54 

Unit status 71 
.• Unit status bits 54 

Universal character set (1403-2 and -Nl) 46 

Unpack 13 

Valid account-number field 78 

Valid amount field 78 

Valid process-control field 78 
Valid serial-number field 79 

Valid transit-number field 78 
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Variable-length logical data 2 

Verify count and data 68 

Verify data 68 

Wait with auto answer on at local CA 89 

Word count zero 56 

Working 32,39,41,43 

Write 51 
Write card 41 

Write count and data 68 

Write data 67 

Write status 56 

Write tape mark 52 

XIO instruction 46,48,49 

Zero and add 13 

Zoned c.ecimal 2 

Zoned decimal numbers 11 

1442 card punch instructions 36 

1403 printer instructions 47 
1600 BPI 57 p 

2203 printer instructions 44 

2415 instructions 49 
2520 card punch instructions (2520-A2 and A3) 40 

2520 card read punch instructions 38 

2520 card read punch 90 

2560 MFCM 90 
2560 multi-function card machine (MFCM) instructions 41 

2501 card reader 90 
2501 card reader instructions 37 


