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Preface

This manual presents the operation and use of the
BM 7090 Data Processing System. Its purpose is two-
fold: (1) to provide a reference and guide for those
familiar with the system; and (2) to serve as an in-
structional aid in the training of operators and pro-
grammers. The manual assumes that the reader is
familiar with the 1BM 709-7090 General Information
Manual, Form D22-6508.

The manual is divided into sections, each including
related machine or functional operations. For ex-
ample, information about any input-output device
used with the systems is located in the “Input-Output
Components” section. The sections are independent
and need not be used in the order in which they ap-
pear.

For each instruction, the manual gives: (1) per-
tinent facts about the instruction, in brief, (2) a de-
tailed description with illustrations and examples,
where needed, and (3) the indicators involved and
execution time for each system. Sample programs are
usually shown in sHARE coding rather than in machine
language.

The first section of the manual is devoted to gen-
eral information concerning the systems. This in-
formation is mainly designed as a review, so that the
reader may understand the terms as the manual uses
them.

A short introduction at the beginning of each sec-
tion reviews general principles and explains the or-
ganization of the section.

Operation of the central processing unit console con-
trol, data channel console, and all input-output unit
keys and lights together with wiring examples is de-
scribed in the 1M Operator’s Guide for 7090 Data
Processing System, Form A22-6535. Also included in
the operator’s guide are information paths within the
system and operational procedures.
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IBM 7090 Data Processing System

Rapidly expanding scientific investigations involve
many complex calculations. The vast amount of data
constantly being used in aircraft industries, govern-
ment agencies, and business establishments of all kinds
demands machines that will compute, select, and cor-
relate data at electronic speeds. The M 7090 Data
Processing System can solve problems that cannot be
solved in a lifetime of manual labor.

Core Storage

The computer uses, as its high-speed storage unit, an
information holding device composed of magnetic
cores. This core storage is subdivided into units called
words, each word being identified by a number as-
signed to it. This identifying number is called an
address.

The 18M 7302 Core Storage has a capacity of 32,768
words (Figure 1). Each word is comprised of 36 data-
bits. When data are taken from or entered into a
word location, reference must be made to this address.

The 36 bits of a word are used in two ways: as an
instruction to the computer “ordering” a particular
operation, or as the operand of an operation (data).

Figure 1. IBM 7302 Core Storage Unit

Stored Program

The computer does its work by executing many in-
structions at high speed. The set of instructions used
in solving a problem form a program for the com-
puter. Because the computer holds its instructions
internally it is called a stored program system.

Normally, instructions are taken from sequentially
ascending locations. However, the execution of in-
structions does not have to occur in this manner. It is
possible, by using control or transfer instructions, to
alter the sequential execution process and to indicate
some other location as the next instruction to be exe-
cuted. In this way, it is possible to repeat any instruc-
tion or block of instructions as often as desired.

The logical path followed by the program may be
determined by a series of tests applied at points in the
execution process, thus providing a stored program
with the ability to control its own course of execu-
tion.

Fixed-Point Numbers

When a word contains a fixed-point number, the first
of the 36 positions holds the algebraic sign of the
number. A “0” signifies a positive number and a “1”
signifies a negative number. The remaining 35 posi-
tions contain the magnitude of the number. Figure 2
shows locations in storage containing plus one and
minus three. When fixed-point operations are used,
the programmer must decide where the point is to be
located. On the computer, the point which separates
the integral part from the fraction part is termed a
binary point.

+1 [0]00000000000000000000000000000000001]
s 1 35

-3 MOOOOOOOO00000000000000000000000001 l]
s £

Figure 2. Words Containing +1 and —3

Floating-Point Numbers

When the range of numbers anticipated during a cal-
culation is either large or unpredictable, it becomes
difficult to work with fixed-point instructions. An al-
ternative set of floating-point instructions is available
for such calculations. These instructions maintain the
binary point automatically.
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A floating-point decimal number X may be ex-
pressed as a signed proper fraction (N) multiplied by
some integral power (n) of 10. The number is normal
if the power of 10 (n) is chosen so that the decimal
point is positioned to the left of the most significant
digit of N. Examples:

X N 10
—010 = —10 x 10°
140 — 14 % 100
4600 — 46 X 10
88.000 — 88 X 10

Likewise, a floating-point binary number (X) may
be represented as a signed proper fraction (B) times
some integral power (b) of 2. In the normalized case
the binary point is positioned to the left of the most
significant digit of B. Examples:

X (BINARY) B(BINARY) 2°(DECIMAL)
—.001 = —.100 X 22
.100 = .100 X 20
1.100 == .110 X 21
110.000 = .110 X 23

In the computer a floating-point number is stored
in a word as shown in Figure 3. The fraction is con-
tained in bit positions 9 through 35. A floating-point

Fraction
.

Charocteristic
1 [ ]
75

s 8 ©

Figure 3. Floating-Point Word Format

number with a I-bit in position 9 is said to be nor-
mal. The sign of the fraction is contained in the S
position of the word. The characteristic is formed by
adding +128 to the exponent. For example, an ex-
ponent of —32 would be represented by a character-
istic of 128 — 32 or 96. An exponent of + 100 would
be represented by a characteristic of 100 + 128 or
228. Since 128,, = 200,, the characteristic of a non-
negative exponent always has a I-bit in position 1,
while the characteristic of a negative exponent always
produces a 0-bit in position 1. A normal zero has no
bits in both the characteristic and the fraction.

Instructions

Most computer instructions have an address part
which is used to denote the location in core storage
which is to be subjected to some arithmetic or logical
operation. This address part or field always occupies
bit positions 21 through 35 (Figure 4). The 15-bit
address field is just large enough to hold the number
32,767, the highest core storage address. This number,
expressed in binary, is simply 15 consecutive ones. On
a computer having less than 32,768 positions of core
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storage, the higher positions of the address field are
ignored by the computer.

Address part

IS,] 20|21 F]

Figure 4. Address Part of the Instruction

The operation part of an instruction, in general, is
not fixed in length but may vary from one instruction
to another. Figure 5 shows the bit pattern for the
ADD instruction specifying core location 0001.

|iOO]OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOI]
S 112 20 21 35
Figure 5. Add Instruction

Central Processing Unit

The central processing unit (Figure 6) consists of the
1BM 7108 Instruction Processing Unit and the 1BM
7109 Arithmetic Sequence Unit. All arithmetic and
control functions are accomplished by these units.
For ease of description, these units are called Central
Processing Unit or cpu. This section describes the
functions of major registers and counters within the
CPU.

The accumulator register (ac) has a capacity of 37
bits and a sign position (Figure 7). In addition to
the normal 36 positions, the Ac has two extra posi-
tions, Q and P, which precede position 1. These two
positions are provided for accumulator overflow. When
the sum of 35-bit numbers is a 36-bit result, a carry
occurs out of the high-order position (position 1) and
is placed in the P position. Similarly, a carry from P is

Figure 6. Central Processing Unit



AC

11 |

Figure 7. Accumulator Register

placed in Q. Carries from Q are lost. Whenever a
carry from position 1 to position P occurs, as a result
of a fixed-point arithmetic or shifting instruction, the
overflow indicator is turned on. The status of the
overflow indicator may be tested by two of the com-
puter’s conditional control instructions.

The multiplier-quotient register (MqQ) has a capac-
ity of 36 bits. It has a special function in multiplica-
tion and division operations. With regard to multi-
plication and some shift operations, the MQ may be
considered as the right-hand extension of the ac reg-
ister (Figure 8).

The storage register (sR) has a capacity of 36 bits
and serves as a buffer between core storage and the
cpu. It is used for both arithmetic and control func-
tions. For this reason the contents of the sr are
always destroyed before the execution of a new in-
struction, Therefore, it is not a normal object of
concern to the programmer except when manually
stepping through a program in order to locate pro-
gram errors.

The sense register (s1) consists of 36 bits which may
be addressed by any of a special group of sense indi-
cator (s1) instructions. These operations treat the bits
of the sr register as switches which may be logically
manipulated and tested either singly or in groups.
Figure 9 is a schematic of this register.

The instruction counter (1c), with a capacity of
15 bits (for 32,768 word core storage) determines the
location from which the next instruction is to be
taken. Normally the content of this register is the
location or address of the current instruction, plus
one. The highest location in core storage and loca-
tion zero are treated as consecutive locations. During
execution of test instructions the location counter
(instruction counter) may be increased by 1, 2, or 3,
resulting in ‘a corresponding skip in the program.
Similarly, during the execution of transfer type in-
structions, the contents of the ic may be replaced by
the value specified by the transfer instruction.

The instruction register (IR) contains the opera-
tion part of the instruction-word. When the cpu is

rs— AC

L] i

01 2=~ s m - - 35
Figure 9. Sense Indicator Register

ready to accept another instruction, the word in core
storage specified by the instruction counter is brought
into the storage register. The operation part of the
instruction is brought to the instruction register for
interpretation and execution, while the remaining
portion of the instruction is interpreted in the sr.

Three index registers (xR) are used in the com-
puter. These registers are called A, B, and C or 1, 2,
and 4. The latter terminology is conyenient for the
programmer because the numbers 1, 2, and 4 are the
octal representation of the “addresses” of the three
registers. These addresses are stipulated in a part of
an instruction designated as the tag field and are nor-
mally referred to as ‘“tags.”” This tag field always
occupies bit positions 18, 19, and 20 of an instruction
(Figure 10).

Norte: all numbers (addresses) in the text are con-
sidered to be expressed in the octal system, unless
otherwise stated.

register specification
operation tag=bits address octal alphabetic
- [001] l 1 A
L [o1 0] ] 2 B
[ [1oo] 1 4 C
s;2 N 18 2021 35

Figure 10. Index Register Tag Bits

Address Modification with Index Registers

One of the primary uses of index registers arises from
their ability to modify instruction addresses. For this
to occur, the instruction must specify the particular
register or registers that are to take part in the modify-
ing activity. This is done by the appropriate bit con-
figuration in the tag field. The instruction is then
executed as if its address field contained the stated
address minus the contents of the index register. For
example, assume that storage location 1000 contains
the instruction app 2117 and that this instruction has
a 2 in its tag field. If the contents of index register 2
are 117, the number stored iu location 2000 (2117
minus 117) is added into the accumulator when the

S MQ

| L

Figure 8. Accumulator and MQ Registers
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ADD instruction is executed. However, location 1000
still contains the instruction app 2117 in its original
form. Address 2000 is called the effective address, and
the process is called effective address modification; that
is, the address of the instruction is modified in the
cruU for execution purposes but is unaltered in storage.

All computer instructions, when tagged, are subject
to effective address modifications with the following
exceptions:

1. Instructions which load, store, modify, or test
the contents of an index register. These instruc-
tions use the tag field to specify the index reg-
ister which is to be affected.

2. Convert instructions.

3. Those sense indicator instructions which com-
bine the address and tag fields and use the entire
right half of the instruction as a mask.

NotE: The convert and sense indicator instructions
referred to in items 2 and 8 above are defined in the
section “Computer Instructions.”

Multiple Tag

An instruction may refer to more than one index reg-
ister by placing multiple I’s in the tag field (Figure
I1). Thus, a tag of three specifies index registers 1
and 2. Care must be exercised when multiple tags are
used. The use of multiple tags results in the “logical
or” of the contents of the specified index registers.
For example, if a tag of three is given, the 15 positions
of index register 1 are matched against the correspond-
ing positions of index register 2. If either bit in a
given position is a 1, the resulting logical sum will
have a | in that position. If both positions are 0, the
logical sum will have a 0 in that position. For ex-
ample, assume index registers 2 and 4 contain 03204
(000011010000100) and 03061 (000011000110001),
respectively. The instruction App 6521 with an index
tag of 6 causes the number 03265 (000011010110101)
to be subtracted from the address of the instruction
and the effective address is therefore 03234.

Tag Field
Binary Octal Index Registers Specified
000 0 None
001 1 A 1
010 2 B 2
on 3 A&B 18&2
100 4 C 4
101 5 A&C 184
110 6 B&C 2&4
m 7 A&B&C 1&2&4

Figure 11. Multiple Tags
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Decrement Field

A group of instructions are used to test or alter the
contents of an index register. The number used to test
or alter an index register is contained in positions
3-17 of these instructions. These 15 bit positions are
referred to as the decrement field (Figure 12).

Decrement

L] || l

S123 17 1820 21 15

Figure 12. Decrement Field in a Word

Complement Arithmetic

When index registers are used for effective address
modification, the contents of an index register are
always subtracted from an instruction’s address. Since
neither the address of an instruction nor the contents
of an index register is associated with any algebraic
sign, it is not possible to accomplish effective address
modification by addition in any direct manner. How-
ever, this may be accomplished by using complement
arithmetic. The following definitions apply to this
type of arithmetic:

1. The 1's complement of a number is defined as
that number which results by replacing each 1 in a
number with a 0 and each 0 with a 1. For example,
given the binary number 101, the 1's complement
would be 010. Also, the sum of a binary number and
its 1's complement is a binary number composed ot
all ones (101 4 010 = 111).

2. The 2's complement of a binary number is de-
fined as the 1's complement of a number increased by
one. Thus, for the preceding example, the 2's com-
plement of the binary number 101 would be 011. It
the 2’s complement of a number occupies an index
register and is used to modify an address, the effective
address is the sum of the index register contents and
the address portion of the instruction. If the true
number occupies the index register, the effective ad-
dress is the difference between the index register con-
tents and the address portion of the instruction.

Since both the contents of an index register and an
instruction address are 15-bit numbers, all resulting
carries to the sixteenth position will be lost.

Effective addresses are always formed in the com-
puter by the addition of the 2’s complement of the
contents of the index register. This is an automatic
feature. For example, if index register 4 contains
the number 00005 and the instruction app 00015
with a tag of 4 is executed, the effective address is
00010:

2’s complement of XR 4 111 111 111 111 011

ADD instruction address 000 000 000 001 101
Effective address (carry lost) 000 000 000 001 000



1f index register 4 had contained the 2’s com-
plement of 00005, (that is, 77773) then the effective
address would be 00022:

2's complement of XR 4

ADD instruction address
Effective address

000 000 000 000 101
000 000 000 001 101
000 000 000 010 ol0

Indirect Addressing

The concept of effective address modification is ex-
tended for a large group of instructions for which
indirect addressing is provided. This extension is
carried out in a very simple way. Just as index reg-
isters are ‘“‘addressed” with a tag, indirect addressing
is specified or “addressed” by a flag (1 bits in both
positions 12 and 13 of the instruction). With both
positions 12 and 13 of an instruction containing ones,
the instruction is executed in the following way. An
effective address is computed in the normal manner,
by subtracting the contents of the specified index
register, if one is specified, from the address part of
the instruction. This is known as an indirect effective
address. The calculator then examines the location
specified by this indirect effective address and uses the
tag and address parts of this word to compute a direct
effective address. The instruction is then executed as
if its address field had contained this direct effective
address with no flag or tag. The following examples
illustrate this process. Assume that the address part
of location 00054 in core storage contains 00273. It
the instruction App 00054 is executed, the contents of
location 00054 will be added into the ac. However,
if this same instruction had indirect addressing speci-
fied by 1 bits in both positions 12 and 13, the con-
tents of location 00273 would be added into the ac.
Now, assume further that index registers 1 and 2 con-
tain 4 and 3, respectively, and that core storage loca-
tion 00050 contains a 2 in its tag field and 00167 in
its address part. If the instruction app 00054, with
an index tag of 1 and indirect address flag specified,
is executed, then the indirect effective address equals
00050 (address field of the Abp instruction minus the
contents of xr 1). The direct effective address is
00164 (address part of location 00050 minus the con-
tents of Xr 2) and the contents of this location are
added into the ac.

Indicators and Sense Devices

Three indicators are also contained in the cpu. These
indicators are either on or off and can be tested by
means of a test instruction peculiar to that indicator.

The accumulator overflow indicator is turned on
whenever a 1 passes into or through position P from
position 1 of the ac as a result of the execution of a
fixed-point arithmetic or a shifting instruction. An

example is a carry resulting from an algebraic addi-
tion. Either of the instructions TRANSFER ON OVERFLOW
Or TRANSFER ON NO OVERFLOW can be used to test the
status of this indicator.

The divide-check indicator is turned on, in fixed-
point division, if the magnitude of the number in the
ac (dividend) is greater than or equal to the magni-
tude of the number in storage (divisor). In floating-
point division a divide check occurs only when the
divisor is zero or if the magnitude of the fraction of
the dividend is greater than or equal to twice the
magnitude of the fraction of the divisor. The divide-
check indicator is tested by the DIVIDE CHECK TEST
instruction.

The input-output check indicator (1-o check) is
turned on by the attempted execution of an input-
output instruction (copy, locate drum address, reset
and load channel, or load channel) without selecting
an input-output unit. Other conditions affecting the
status of this indicator are discussed in the following
pages. The 1-o check indicator is tested by the INpPUT-
OUTPUT TEST instruction.

Transfer Trap Mode

The computer can be operated in a special transfer
trap mode. The major use of this mode is in program
testing. Operation in the trap mode permits the pro-
gram to run at normal speed with interruptions of
normal operation only at transfer points. At such
points the location of the last sequential instruction
is saved, and a transfer of control is made to a fixed
location. Beginning at this fixed location, a special
monitoring program may aid the programmer in con-
trol of his stored program even in the event of an
incorrect transfer.

When the computer is operating in this mode, the
location of each transfer instruction replaces the
address part of location 0 prior to the instruction’s
execution. Unconditional transfers and conditional
transfers for which the transfer conditions are met are
not executed. Instead, control is transferred to loca-
tion 1. One instruction, TRAP TRANSFER, i§ immune
to the trapping mode. Its location is never stored in
location 0, and control is always transferred to the
location specified by the address of this instruction.

The instructions ENTER TRAPPING MODE and LEAVE
TRAPPING MODE are used to enter or leave this special
mode. Depression of the clear or reset keys on the
console also causes the computer to exit from this
mode.

Sense Switches

Located on the console are six sense switches, each of
which may be turned on or off by the machine opera-
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tor. The instruction swr (switch test) is used to test
the setting of any desired switch.

Sense Lights

Also located on the console are four sense lights. Any
one of these lights may be turned on or off by the
SLN and SLF instructions. Another instruction, sLT
(sense light test) is used to test the status of any de-
sired sense light.

Panel In-Out Switches

A group of 36 switches corresponding to the 36 posi-
tions of a word are provided on the console. A switch
turned down corresponds to a 1, and one turned up
corresponds to a 0. The instruction ENTER KEYs causes
the number entered into these switches to replace the
contents of the MqQ register. A reset switch on the
7090 restores all input switches to the zero state.

Data Channel Operation

Data being transmitted between core storage and any
input-output device must pass through a data chan-
nel. The operation of a data channel is initiated
by the execution of two instructions in the central
processing unit. Once started, the channel operates
independently of the main program being executed
by the cpu. A data channel has the responsibility for
controlling the quantity and destination of all data
transmitted between core storage and the input-output
device. It also performs limited counting and testing
operations concerned with the transmission of data.

The 18m 7909 Data Channel is also able to instruct
and select an input-output device adapter, such as the
1BM 7631 File Control or the 1M 7640 Hypertape
Control.

Programs for a channel operation are stored in core
storage just as are instructions executed by the cpu. To
distinguish between cpu and data channel programs,
data executed in the cpu are termed instructions, data
executed by the data channel are termed commands,
and data executed by the adapter are termed orders.

Although a channel, once started, operates asyn-
chronously, the main program may exercise a large
degree of supervisory control through instructions
which test the status of a data channel. A single com-
mand may transmit a large block of words between
core storage and an input-output device so that nor-
mally many instructions in the main program may be
executed during the time taken to execute just one
command in a data channel.

All transmission is in 36-bit word parallel fashion.
Since the cpu and a data channel cannot take a storage
reference cycle at the same time, the execution of an
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instruction in the main program may be delayed at
least one computer cycle. Once such a delay occurs,
all of the time needs of all data channels will be
satisfied before the main program execution is re-
sumed. Such delays are imposed automatically and
do not interfere with the internal registers or calcula-
tions in the cpu. If the instruction being executed is
not using core storage when a channel requires a
storage cycle, normally no delay is occasioned. When
several data channels require storage cycles at one
time, the sequence of transmission is handled auto-
matically.

A data channel controls all input-output units
attached to it in much the same way. Because of the
importance of magnetic tape, the relationship between
a data channel and tape is discussed here. A descrip-
tion of the operation of the card reader, card punch,
and printer, together with additional information on
magnetic tape, will be found in the section “Input-
Output Components.”

Magnetic Tape and Data Channel (7607) Addresses

A maximum of ten tapes per channel may be used
with the 7090 system. Like locations in core storage,
each tape unit has an address. Each data channel also
has an address. The combination of the two addresses
will then specify a particular tape unit attached to a
particular data channel.

To start a tape unit for reading or writing, a SELECT
instruction must be executed in the main program.
The instruction READ SELECT prepares the tape for a
reading operation and the instruction WRITE SELECT
prepares it for writing. The joint address of a tape
unit and data channel occupies the address part (posi-
tions 21-35) of the select instruction. If the address
field of this instruction is viewed as a five-digit octal
number, then the three low-order digits specify the
tape unit, and the fourth and fifth digits the data
channel (Figure 13).

Not Data
Used Channel

21-22 23 26 27 as

Tape Unit

Figure 13. Select Instruction Address Field

The specific numerical addressing system used by
the tapes is as follows:

1. Data channels A through H are identified by
the octal numbers 1 through 10 and occupy po-
sitions 23-26 of the instruction.

2. In the Bcp mode, tape units 1-10 are identified
by the octal numbers 201-212, occupying posi-
tions 27-35 of the instruction.



3. In the binary mode, the tape units are identified
by the octal numbers 221-232 which occupy posi-
tions 27-35 of the instruction.

Examples: If the instruction REap sELEcT 1201 is
executed, tape unit 1 attached to data channel A will
be selected and started for a reading operation in the
Bcp mode. If the instruction WRITE SELECT 3223 is
given, tape unit 3 attached to data channel C will be
selected and started for a write operation in the binary
mode.

Data Channel Registers (7607)

Once the select instruction has been executed, the
operation of the tape and transmission of data be-
tween core storage and tape are under control of the
data channel. There are four registers in the channel
which control its operation. These registers are
similar in function to the control registers in the cpu.

The first command of a data channel program must
be sent to the channel by a RESET AND LOAD CHANNEL
instruction from the main program. The address part
of this instruction specifies the location in core storage
containing the data channel command. When this
instruction is executed, the contents of the location in
core storage (specified by the RESET AND LOAD CHAN-
NEL instruction) are sent to the data channel control
registers.

There is a separate RESET AND LOAD CHANNEL instruc-
tion for each data channel. Where select instructions
specify the appropriate data channel through usage
of part of their address field, the address field of the
reset and load channel is fully occupied by the storage
address of the command. Thus, the distinction be-
tween data channels is made in the operation part of
the instruction.

Word Count Register. The contents of positions
3-17 of the data channel command are loaded into
this register (Figure 14). This register specifies the
number of words to be transmitted between core
storage and the input-output unit. As each word is
entered or taken from core storage, the contents of
the word register are reduced by one.

Data Channel Command

Word Count

Y

Word Register

Figure 14. Data Channel Word Count Register

Channel Address Register. The contents of positions
21-35 of the data channel command are loaded into
this register (Figure 15). The register specifies the
location in core storage from which the data are to
be taken during writing or to be entered into during
reading. The contents of this register are increased
by one after each word transmission to or from core
storage. Thus, the address register directs the trans-
mission of data into or from consecutive locations in
core storage.

Data Channel Command

Word Count Address

Y

Channel Address Register

17 1819 2

w
&

Figure 15. Data Channel Address Register

Location Register. This register is similar to the
instruction counter in the cru. The location register
contains the location of the current data channel
command, plus one. Thus, data channel commands
are taken normally from sequential locations in core
storage. Just as control or transfer instructions alter
the contents of the cpu’s instruction counter, transfer
commands change the contents of the location reg-
ister in a data channel.

The size of these registers (word register, channel
address register, and location register) is set at 15-bit
length. Each register has a capacity large enough to
hold the address of the last location in core storage.
When a 15-bit command field is loaded into a channel
register, the leftmost bits which exceed the capacity of
the register are ignored. When the contents of a
channel register are stored in a 15-bit field in core
storage, the leftmost bits corresponding to the absent
bits of the register are set to zeros.

With reference to blocks of consecutively located
commands or data words, the highest location in core
storage and location zero are treated as consecutive
locations.

Operation Register. This register is similar to the
instruction register in the cpu. The contents of posi-
tions S, 1, 2, and 19 of a data channel command are
loaded into this register (Figure 16). Bit positions
S, 1, and 2 provide for eight possible data channel
operations. Each of the eight commands may accom-
plish either reading or writing. Position 19 is used
only for reading operations; it has no effect on writing
operations. When this position contains a 1, all func-
tions proceed normally except that no transmission

System Description 13



Data Channel Command

Oper Word Count Address

Operation
Register

Figure 16. Data Channel Operation Register

of data to core storage occurs. Thus, a command with
position 19 containing a 1 may be used to skip over a
number of words (determined by the word count)
while reading from an input device. When posi-
tion 19 contains a 1, the data channel involved is
said to be operating in the non-transmitting mode.

Data Register. This 36-bit register serves as a buffer
between core storage and an input-output device.

Data Channel Register Example. An example is
shown in Figure 17. If core storage location 1546
contains the data channel command, represented here
as an octal number, 000124002117, and the instruction
reset and load channel A with an address of 1546 is
executed, then zeros will be placed in the operation
register, 00124 will be placed in the word register,
2117 will be placed in the channel address register,
and the location register will contain 1547.

Once a tape unit has been started by a select in-
struction, the data channel must receive its first com-
mand within a definite time period. Thus, the reset
and load channel must be executed by the main pro-
gram within this allotted time period following the
select order. Specific tape timings are given in the
magnetic tape section of “Input-Output Components.”

If the reset and load channel is not executed within
the allotted time period, the tape unit is logically dis-
connected from the calculator and no word transmis-
sion will occur. If a reset and load channel is given
at any time when an input-output device is not logi-
cally connected to the data channel, the instruction is
executed in the cpu but a special indicator, called the
input-output check indicator, is turned on. The status
of this indicator may be tested by the stored program.

Exact description, together with examples, of the
data channel commands is found in the “Computer
Instruction” section of this manual.

Instruction Location

01546 LO ‘00]24 | 0 | 02117
5, A-23 17 19 21 35
01547 |Zl I 00124J l 02117 J
Location Register Op Word Channel
Register  Register Address Register

Figure 17. Data Channel Register Example
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Data Channel Indicators (7607)

Each data channel has four indicators that may be
turned on during tape operations. These indicators
may be tested for the onN condition. When tested, an
indicator that is on is turned off.

Tape Check Indicator. The tape check indicator
may be turned on at any time during a tape read or
write operation. When on, the indicator signals that
an error has occurred in a read or write operation.
The indicator will not be turned on unless the chan-
nel is logically connected to the cpu. For example, if
the tape has been logically disconnected from the
computer and is spacing to the next end-of-record
gap, the indicator will not be turned on if an error
is sensed during this period.

Beginning-of-Tape Indicator. Small strips of ad-
hesive aluminum material are placed a few feet from
each end of the tape. These strips are used to indicate
the beginning of tape (load point) and the physical
end of usable tape. Any instruction which backspaces
the tape to its load point or attempts to backspace the
tape beyond its load point turns on the beginning-of-
tape indicator in the data channel to which the tape
is attached, indicating that the backspace instruction
was not logically completed.

End-of-Tape Indicator. When the strip marking the
end of tape is reached during writing, the end-of-tape
indicator in the data channel to which the tape is
attached is turned on. No interruption in the writing
process occurs so that the writing operation may be
completed even though the end-of-tape strip has been
passed over. However, if the status of the indicator is
ignored and writing continues, the tape may eventually
be pulled from its reel. This indicator is never turned
on during a read operation.

End-of-File Indicator. The end-of-file indicator in a
channel will be turned on any time an end of file
(tape mark) is encountered during a reading opera-
tion. An end of file may be written on a tape at any
time by the WRITE END OF FILE (WEF) instruction. The
indicator is not turned on when an end of file is
written.

The indicators for tape check, end of file, beginning
and end of tape may be turned on by any of the tape
units attached to a given data channel. To make a
meaningful test of the indicators, therefore, the stored
program should know which of the attached tape
units had the possibility of turning on an indicator.
The data channel’s end-of-file indicator may also be
turned on by a card reader attached to that channel.

In addition to the instructions which test the status
of the indicators defined above, each data channel has
a set of instructions which facilitate the synchronous
operation of a stored program and its associated input-



output activity. Two of these instructions test whether
or not a channel operation is still in process. By the
execution of another instruction it is possible to
obtain, at any time, the contents of the data channel’s
operation register, channel address register, and loca-
tion register.

When an_ end-of-file is sensed during reading, the
turning on of the channel’s end-of-file indicator logi-
cally disconnects the input-output device from the
data channel. The execution of the channel com-
mand is terminated immediately, even if it has not
been completed. The internal registers of the data
channel are not reset. By obtaining the status of the
location register and the address register, the main
program may always ascertain the point at which the
end-of-file condition interrupted the input-output
operation.

Data Channel Trap

This feature allows the data channel to signal or in-
terrupt processing by trapping the computer program.
The trap may be initiated by: (1) the completion of
a channel command, (2) an end of file, or (3) a
redundancy tape check. These conditions are called
channel signals.

Two instructions, ENABLE (ENB) and RESTORE CHAN-
NEL TRAPS (RCT), are used with this feature and are
described in the “Computer Instructions” section.

A trap indicator on the operator’s console indicates
when a trap occurs. The execution of an enable or
restore channel trap instruction will turn the indi-
cator on. The execution of any trap will turn the in-
dicator off. With the indicator off, traps are said to
be inhibited.

A data channel is enabled by use of the enable in-
struction. This instruction conditions the channel so
that a channel signal may be combiried with it, when
and if it occurs. When a channel is enabled for a
particular channel signal, all other channel signals
will not be used for trapping. Thus, the channel is
said to be disabled with regard to these other channel
signals. A logic flow chart of circuits involved with one
data channel is shown in Figure 18. Note that the
trap control indicator must be on for a trap to occur.

Data channels may be individually or collectively
prevented from causing traps until the program is able
to handle them. In this event the channel signal is
saved until the program allows it to become effective.

When a trap occurs, the contents of the instruction
counter (i1c) are stored and the next instruction is
taken from a fixed location as follows:

"On"

Both blocks

TRAP—
combined AP

31

Tape check
enabled Both blocks
combined
Any tape check
indicator
End of file
enabled LI Both blocks ™1 Any one
combined L or more
_I——> blocks
Any end of file
indicator
Channel com=
mand enabled _L—'
Both blocks
combined

Any
channel com-
mand indicator

Enable

instruction

—

Restore channel
traps instruction

Either
block

"Turn on" o |

i

Trap control
indicator

"Turn off"

Figure 18. Logic Flow of Data Channel Trapping
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CHANNEL STORE THE IC AT NEXT INSTRUCTION FROM
A 0012 0013
B 0014 0015
C 0016 0017
D 0020 0021
E 0022 0023
F 0024 0025
G 0026 0027
H 0030 0031

The first instruction after execution of a trap should
be an unconditional transfer. If these instructions,
located at the odd locations 0013-0031, are not pro-
vided by the programmer and do not alter the con-
tents of the instruction counter, the program resumes
from the point at which the trap occurred (after ex-
ecuting the instruction at the odd location). A trap-
ping signal occurs under the conditions listed below:

1. If an 10CT, IORT, or 10sT is used and no load chan-
nel instruction is waiting in the main program
upon completion of the command. A trap re-
sulting from this condition will cause the decre-
ment of the location in which the contents of the
instruction counter are stored to be cleared and
a 1 to be placed in position 17.

2. Whenever the end-of-file indicator is turned on.
A trap resulting from this condition will cause
the decrement of the location in which the con-
tents of the instruction counter are stored to be
cleared and a 1 to be placed in position 15.

3. Whenever a redundancy check occurs. With this
type of trap, the decrement of the location in
which the instruction counter is stored is cleared
and a 1 is placed in position 16.

If a trapping signal is generated while a channel is
disabled or inhibited, the trap request is remembered
until the channel is enabled or restored.

The instruction following an enable, restore chan-
nel trap, or execute instruction will always be executed
before another trap is processed. Furthermore, traps
are prevented from occurring between a read or write
select and the following (normally a reset and load)
instruction,

Execution of certain instructions, while a channel is
disabled, will cause the remembered trap to be lost.
This type of trap and the effect it produces are as
follows:

TYPE EFFECT

Read or write selection of the
corresponding channel

Channel command

End-of-file Execution of a transfer on
end-of-file for that channel
Tape check Execution of a transfer on

tape-check for that channel
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A TEF or TRC instruction, to a disabled channel,
will reset the EOF or tape check indicator and will
be executed properly.

The end-of-file and tape-check indicators are turned
off whenever a trap results from an indicator’s being
on. If the tape-check indicator is on for an enabled
channel (even though traps are inhibited), the chan-
nel is immediately disconnected.

When a channel is enabled for a tape-check or end-
of-file condition, a transfer-on-redundancy-check or
end-of-file instruction addressing that channel will be
treated as a no-operation instruction.

If a trap is called for, subsequent to the execution
of certain halt instructions, the following procedure
occurs;

1. Halt and transfer. The trap is performed and
the cru resumes execution of instructions. At
the time the trap occurs, the instruction counter
contains the location of the HTR instruction.

2. Halt and proceed. This is the same procedure as
HTR except that the instruction counter contains
the location of the HPR instruction plus one.

3. Divide or halt. The computer is restarted as
with the HTR, except that the instruction counter
contains the location of the divide instruction
plus one.

A trap normally occurs at the completion of the in-
struction being executed. For example, if a trap is
called for while execution of a load-channel instruc-
tion is being delayed (command is incomplete), the
trap does not occur until the load-channel instruction
has been completed. If a trap is called for while the
CPU is in manual status, no trap occurs until the cpu
is returned to automatic status and the start key is de-
pressed.

Programming Techniques

For programs utilizing data channel trap, certain char-
acteristics of the feature make some programming
techniques dangerous. If these techniques are used in
a program operating with data channel trap enabled,
random failures may occur which appear to be ma-
chine malfunction. Usually these failures are not re-
producible, owing to the random occurrence of the
1-o interrupts. Some techniques to be avoided are:

1. Execution of TRcX or TEFX instructions, when the
1-o interrupts are disabled, turn off the corresponding
trap indicator if it is on, causing a waiting trap to be
lost. If the indicator was on for either of these condi-
tions the instruction transfers correctly. Care must be
taken when testing these conditions, both in and out



of the trap mode. A separate error checking routine
should be used for operating in each mode, since
conditions are different in both modes of operation.
2. Execution of Tcox* does not guarantee that a
channel is not busy upon release. If interruption oc-
curs because of a condition sensed at I-time of the
TcoX, the channel is disconnected, causing the Tcox
to advance the instruction counter to the next location
following the Tcox. The interrupt now occurs, as the
instruction is complete. If the interrupt routine re-
initiates 1-0 activity on the channel (to maintain high-
est possible 10 speed), the channel is busy upon
re-entry, but the Tcox has been bypassed. If an 1-0
operation follows the Tcox, its execution may cause
the trap normally resulting from the previous channel
activity to be dropped, also possibly causing the pro-
gram to hang up in a waiting loop. It is suggested that
a storage flag be kept for each channel to indicate
channel activity. This flag may be tested in a:

ZET FLAG

TRA *-1
Loop to act as pseudo-rcox* delay. The flag must
be set to zero by the trap routine and set to non-zero
by any routine which executes a select on the channel.

3. No data cell common to both trap and non-trap
routines should be changed by the non-trap routine
without disabling the interrupt system, unless the cell
may be modified by one and only one instruction.
This is illustrated by the following program which
violates the above rule:

....save AC
TRAP CLA BETA
ADD ONE
STO BETA
....restore AC
NONTRP CLA BETA
SUB ONE
STO BETA
If a trap occurs between NONTRP and NONTRP +2, the
routine at trap will save the ac, add one to BETA, and
store the augmented value back in BETA. Upon reload-
ing the Ac and re-entering the NONTRP routine, the
old contents of BETA are stored over the newly aug-
mented value. This could be prevented by disabling
the 1-0 traps before NONTRP and re-enabling them after
NONTRP 2.

4. If the 1o program is checking for noise records
in the end of record gap, the redundancy trap should
not be used to detect noise. Redundancy trapping
could occur while reading the first or second word
from tape, immediately disconnecting the channel
from the tape. A scux instruction to investigate the

length of this redundant record would show that the
record is only one or two words long, classing it as a
noise record. This is an error and may be prevented by
always testing for redundancy during the end of oper-
ation or end-of-file trap routine with a normal Trcx
instruction.

5. Care must be taken when writing subroutines
which may be entered by both trap and non-trap
routines. Entry at trap time to a routine which has
been interrupted by the trap can give destructive
results.

6. Trap time subroutines which issue 1-0 selects
should insure that the selected channel is dormant
before giving the select. This may be difficult without
destroying or ignoring existing trap signals on the
selected channel.

For more information on trapping, see “Interrupt.”

External Signal

A standard feature of the computer system is its ability
to accept a signal from an external source. This signal
is stored and will cause the computer to execute a trap-
ping operation as soon as possible. Normally, upon
receipt of an external signal, the instruction being
executed is completed and the location of the next in-
struction is stored in the address portion of core loca-
tion 0003. The computer then takes its next instruc-
tion from location 0004. If, however, the current in-
struction is a floating point trap instruction which
causes overflow or underflow, the floating point trap
will be executed before the external signal trap is al-
lowed to occur. The external signal trap is completely
independent of data channel traps. Significant im-
plications of this are:

1. If the computer is halted, the trap will not occur
until the start key is depressed and the halt op-
eration is completed.

2. It is not possible to disable or inhibit an external
signal trap.

3. The external signal trap is unconditional in
that it may occur between an input-output select
instruction and the following instruction, a re-
store channel traps or enable instruction and the
following instruction, or an execute instruction
and the instruction to be executed. If a trap oc-
curs at one of these times and the external sig-
nal trap subroutine is then interrupted by a data
channel trap, timing limitations may be ex-
ceeded and/or the program may return to the in-
correct re-entry location in the main program.
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Computer Instructions

This section defines all computer instructions and
describes their execution, indicators that may be
affected, and timing.

A diagram representing the format of the instruc-
tion is given for each instruction. Preceding this dia-
gram is the alphabetic code which identifies the in-
struction. The official name of the instruction is also
given (Figure 19).

CLA — Clear and Add

Operation Flag Tag
+0500 F T Y ]

s 11121214 17182021 35

Figure 19. Sample Format of Instructions

The numerical operation code is given in the octal
number system. This can be easily converted to the
binary system for reference to the bit pattern inter-
preted by the computer. The numbers appearing be-
neath the diagram indicate the bit positions of the
computer-word that are concerned with this particular
instruction.

The symbol “Y” appearing in the diagram denotes
the address part of the instruction. Y may stand for
the address of a word in core storage, the length of a
shift, or the address of an input-output unit. For some
index transmission instructions, Y may also represent
a number which is to be loaded either in true or com-
plement form into an index register.

For some instructions, positions 21-35 are used to
contain part of the operation code. The appearance
of octal numbers instead of Y in the address field will
distinguish this type of instruction from others. In
all cases, the full operation code is shown by its octal
representation.

Those instructions for which indirect addressing
may be specified will have the symbol F (flag) ap-
pearing in positions 12 and 18 of the instruction dia-
gram (Figure 19). This symbol represents 1 bits in
both positions 12 and 13 of the instruction. The de-
scription of those operations which can have indirect
addressing will be defined in terms of direct address-
ing.

Similarly, for instructions that are subject to effec-
tive address modification by an index register, the dia-
gram has the symbol T in the tag field of the instruc-
tion. This T is also used to specify any index register
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to be changed, stored, or tested. The description ac-
companying an instruction defines the manner in
which it is executed when its tag is zero.

The shaded area in the instruction diagrams repre-
sent fields that are not used in that instruction.

The symbols D, C, and R are used to denote the
decrement, count, and right-half word fields of in-
structions which use these fields. Each of these fields
is interpreted only by certain classes of instructions.
If such a field is interpreted by an instruction, the bit
positions used by the field will be shown in the instruc-
tion diagram. If an instruction has a D or R part,
neither indirect addressing nor effective address modi-
fication is ever possible.

Descriptions of the instructions use the following
special terms and definitions:

1. C(Y) denotes the contents of location Y, where
Y refers to some location in storage. Similarly, c (ac),
c(MQ), c(sr) and c(s1) denote the contents of the ac-
cumulator, multiplier-quotient, storage and sense in-
dicator registers, respectively. In addition, subscripts
refer to individual bit positions of a register. For
example, € (MQ) g, ;.17 is read “the contents of positions
S, 1 through 17 of the MQ.” When subscripts are not
used with this notation, the entire register is implied.
For example, ¢ (ac) denotes the contents of positions
s,Q,pP, 1-35, inclusive.

2. With input-output operations, nc denotes data
channel, Lr denotes a pc location register, AR denotes
a pc address register, and wr denotes a bc word count
register.

3. When a register or part of a register is cleared,
the cleared part is reset to zeros.

4. The negative of a number is the number with its
sign reversed.

5. The magnitude of a number is the number with
its sign made positive. (A zero in position S corre-
sponds to a positive sign.)

6. When the word “store” is used in the title of an
instruction, the transmission of a word or part of a
word from some special register (e.g., the ac, MQ, sI
or an index register) to some location in core storage
is always implied.

7. When the word “load” is used in the title of an
instruction, the transmission of a word or part of a
word from some location in core storage to some
special register (e.g., the MQ, sI, or DG registers, but not
the Ac) is always implied.



8. When the word “place” is used in the title of an
instruction, the Ac is always one of the agents.

9. All logical operations interpret the sign position
(8) of Y as a numerical binary bit corresponding to
position P of the Ac or position 0 of the s1. The S
position of the ac is either ignored or cleared by
logical operations.

10. In the three-letter alphabetic code:

a. The letter Q designates the MQ register.

b. The letter X in the second or third position
designates an index register.

c. The first letter of all transfer instructions
isa T.

In the following instruction descriptions, an instruc-
tion format is shown for each instruction. Under the
“Indicator” heading, only those indicators that may
alter the course of a program through test instruc-
tions or by trapping are noted. Under the “Execu-
tion” section, when instructions are similar, only the
differences are noted and a statement (e.g., “Same as
app procedure”) will mean that the operations are
alike except for the differences noted. Instruction
flow charts are used with many instructions to aid in
presenting the data flow.

Note again that all addresses and numbers, unless
otherwise specified, are given in the octal number sys-
tem.

Instruction Timing

All instructions are listed in the appendix in alpha-
betic and numerical sequence. Timing is noted in
cycles with modification type, if any. The 7090 cycle
is 2.18 microseconds. If an instruction is subject to
address modification through indexing and/or in-
direct addressing the facts will be noted by a T or F,
respectively. With indirect addressing, the execution
time is increased one cycle. The modification types
are:

Type 1 Instructions. Multiply instructions are exe-
cuted in two cycles if the number brought from stor-
age contains zeros in positions 1 to 35. If the number
brought from storage is not all zeros, execution time is
a function of the number of sequential zero bits in
the multiplier.

Type 2 Instructions. The execution time of these
instructions is determined by the count field (C)
specified in positions 10 through 17. The maximum
number of cycles for a given value is C/3 + 3. Any
remainder should be discarded.

Type 3 Instructions. FAD, FAM, FsB, and FsMm will be
executed in 6 cycles if the difference in character-

istics is greater than 63 or if the extent of shift is less
than 10 places during the adjustment of character-
istics (step 5); also if the extent of shift is less than
four places when normalizing (step 9b).

Type 4 Instructions. UFA, UAM, UFs and usMm will be
executed in five cycles if the difference in character-
istics is greater than 63 or if the extent of shift is less
than 10 places in step 5.

Type 5 Instructions. The execution of a FpH or
FDP instruction requires only three cycles if the frac-
tion of the dividend is zero.

Type 6 Instructions. The execution of a convert in-
struction is increased by one cycle for each storage
reference specified by the count field in positions 10
through 17 of the instruction.

Type 7 Instructions. The instruction will be exe-
cuted in two cycles if the extent of shift is 16 places
or less. Each additional 12 shifts, or portion thereof,
require another cycle.

Type 8 Instructions. The execution of these in-
structions may be delayed an indefinite length of time
after interpretation, depending on the status of the
-0 unit. For example, if multiple select instructions
are given for the same data channel, the second select
will be delayed if both selects are of the data-select
type of operation.

All variable cycle instructions that have a precise
minimum, average and maximum number of machine
cycles are shown in Table I

Table I. Variable Cycle Instructions

MACHINE CYCLES

INSTRUCTIONS AVERAGE MIN. MAX.
MPY, NPR 11.6 2 14
DVH, DVP 14 3 14
FMP, UFM 11 2 13
FDH, FDP 13 3 13
FAD, FAM, FSB, FSM 6.4 6 15
UAM, USM — 5 11
UFA, UFS — 5 10
ALS, ARS, RQL — 2 4
LLS, LRS, LGL, LGR — 2 7
CAD, CAQ, CVR — 2 8
VDH, VDP, VMP - 2 14

Instructions with a count whose value is larger than
that implied by the size of the arithmetic registers
may exceed the times shown. Average multiply times
are derived assuming a random distribution of ones
and zeros. In floating-point, a normalized operand is
assumed. In determining the average floating-point
add speed, a number of representative programs were
traced. The time shown is based on an analysis of
several million operands.
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Fixed Point Operation

CLA — Clear and Add

o R

S 11 121314 1718-20 21 35

Description. The ¢(AC)s ;.35 are replaced with the
c(Y). Positions P and Q of the aAc are set to zero.
The ¢ (y) remain unchanged.

Indicators. None.
Timing: 2 cycles
Exccution. The c(Y) are brought to the sr. C(sR),.;;

is taken to the adders, the adders to Ac,,;;, and the
SR(S) to AC(S).

CAL — Clear and Add Logical Word

~0500 F 7] Y ’

21314 171820 21 35

Al 1

Description. The c(y) replace the c(AC)p ;.. The
sign of Y appears in position P of the ac. Positions
S and Q of the Ac are set to zero. The c¢(v) are un-
changed.

Indicators. None.

Timing: 2 cycles

Execution. The sr (S) goes to adder position P. The
rest of the operation is the same as for cLaA.

CLS — Clear and Subtract

+0502 F 1] Y 1

21314 17 18-20 21 35

Description. The negative of c(v) replaces the
C(AC)g,.55. Positions P and Q of the Ac are set to
zero. The c (v) are unchanged.

Indicators. None.

Timing: 2 cycles

Execution. (1) Invert sign of Y as it is entered into
the SR. (2) Same as cLA.

The logic flow diagram for both the cLa and cLs
instructions is shown in Figure 20.

ADD — Add

+0400 [F Y 7] Y

Al 11 121314 171820 21 35

Description. The c(Y) are algebraically added to
the c(ac). The resulting sum is placed in the ac.
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Obtain instruction
from storage

|

Instruction placed

5,1-11 in storagel register 21-35

Operation code Address routed
placed in inst reg, through adders tostg,

: !

Operation decoded Address of data is
in decoders located

: ;

Bring up execution CLA, CAL Data routed to the
control lines storage register

l cLs

Minus to storage
register sign

CAL
adder P

Figure 20. cLA and cLs Flow Chart

Data routed through
adders to accumulator|

The ¢(v) are unchanged. Numbers of the same mag-
nitude but different signs give a resultant sign the
same as the sign of the original ac.

Indicators. Ac overflow.

Timing: 2 cycles

Execution. The c(y) are taken to the sr and then
to the adders. With signs alike, the true ac(Q-35) is
also taken to the adders, and the sum returned to the
Ac. With signs unlike, the complement of the ac
(Q-35) is taken to the adders; any Q carry is taken
to adder 35 and is remembered. The resultant sum
in the adders is then taken back to the ac. If the
signs were unlike and there was no Q carry, the com-
plement of the ac(Q-35) is again taken to the adders
and then back to the ac. With a Q carry, reverse the
acsign (Figure 21).

ADM — Add Magnitude

+0401 F Y 7] Y ]

Al 11121314 17 182021 35

Description. The magnitude of the c(y) is added
to the ¢ (ac). The resulting sum is placed in the ac.
The c(y) are unchanged. The sign of Y is ignored
and Y is treated as a positive number. With a minus
AC sign, a subtractive process will occur.

Indicators. AC overflow.
Timing: 2 cycles

Execution. (1) sr(s) is forced plus. (2) Procedure
is the same as for App.



SUB — Subtract

+0402 F &TI Y

Al 11 1211314

17 18-2021 35

Description. The c(y) are algebraically subtracted
from the c(ac). The difference replaces the c(ac).
The c(y) are unchanged.

Indicators. AC overflow.
Timing: 2 cycles

Execution. (1) Sign of sr is reversed. (2) Same
as App procedure.
SBM — Subtract Magnitude
o
Al 11 1211314 17182021 35

Description. The magnitude of the c(y) is sub-
tracted from the c(ac). The difference is placed in

Obtain instruction
from storage

;

Instruction placed in
storage register

the c(ac). The sign of Y is ignored and the ¢ (y) are
treated as a negative number. The c(Y) are un-
changed. If the sign of the Ac is minus, an App will
occur.

Indicators. AC overflow.
Timing: 2 cycles

Execution. (1) sr(s) is forced minus. (2) Same as
add procedure.

The logic flow diagram for the App, sus, ApM, and
sBM instructions is shown in Figure 21.

ACL — Add and Carry Logical Word

+0361 ]F T[ Y

Al 11121314 1718202} 35

Description. The c(v) are added to the ¢ (AC) p, .35
The resultant sum replaces the ¢ (AC)p ;.55. The sign

Operation code placed in
instruction register

'

Operation code decoded
in operation decoders

'

Bring up execution ADD

'

Address routed through
adders to storage

!

Address of data is
located

Data routed to the

control lines

SBM SUB ADM
minus invert plus
to SR SR to SR
sign sign sign

Complement accumulator
to the adders

storage register

!

Data from the storage
register to adders

Accumulator to the
adders in true form

N

Figure 21. App, ADM, suB, and seM Flow Chart

Y
Adders back to the
accumulator

Check signs and Q
carry and adjust
the accumulator

;

Answer is now in the
laccumulator
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of Y is added to position P of the ac. A carry from
Ac(p) is added to ac(35). Positions S and Q of the
ac are not affected.

Indicators. None.
Timing: 2 cycles

Execution. The c(y) are taken to the sr. The
SR (S,1-35) are then taken to the adders (P, 1-35). An
adder P carry goes to adder 35. Adders (P, 1-35) are
then returned to ac (p, 1-35).

MPY — Multiply
e P v
A 11 123314 171820 21 35

Description. The c(y) are multiplied by the c(mQ).
The 35 most significant bits of the 70-bit product re-
place c(ac),.;; and the 35 least significant bits re-
place the ¢(MQ),.5;. Ac (P and Q) are cleared. The
signs of the Ac and mqQ are set to the algebraic
sign of the product. The number of bits to the right
of the binary point of the first factor added to the
number of bits to the right of the binary point of the
second factor give the total number of bits to the right
of the binary point in the product.

Indicators. None
Timing: 2-14 cycles, modification 1.

Execution. (1) The c(y) are tested, and if the
magnitude of the c () is zero, the ¢ (ac) and ¢ (MQ)
are cleared. Step 2 is skipped and step 3 occurs. (2)
If the magnitude of the c(v) is not zero, the ¢ (ac)
q.p,1-35 are cleared and multiplication proceeds:

a. If MQ;; contains a 1, the c(y),,; are added to
the ac. The c(AC)qp,.5s and the c(MQ),.;; are
then shifted right one position.

b. If MQ;; contains a 0, the ¢ (Ac) q,p,1-3s and ¢ (MQ)
1-35 are shifted right one position. Step 2 occurs
3 times per cycle on the 7090. With sequential
zeros, up to 12 shifts may occur per cycle.

(8) If the signs of the mq and location Y are the
same, the signs of the ac and mq are made positive. If
the signs differ, the signs of the ac and mMq are made
negative.

As an example, assume that the ac, M@, and location
Y are four bits in length instead of 85. The following
sequence of steps would occur during a multiply. The
number 13 is in the mQ and the c(y) are 6. The
actual bit-configuration appears in each register (after
the step is complete).

The flow chart is shown in Figure 22.

22 1BM 7090

AC MQ Y COMMENTS

0000 1101 OI10 TInitial contents of the registers. MQ 35 ready

to be tested.

0110 1101 ¢ (Y) added to Ac since MQ 35 is a 1.
0011 0110 c(gf:, MQ) shifted right one place. Test MqQ
5.

0001 1011 No addition, since MQ 35 contained a 0.
C(Ac, MQ) again shifted right and mq 35
is tested.

OIlIT 1011 c(v) added since mQ 35 is a 1.

0011 1101 ¢ (ac, MQ) shifted right and mMqQ 35 tested.

1001 1101 ¢ (v) added, since MQ35 is a 1.

0100 1110 c(ac, MQ) shifted right. At this point the

shift counter has been reduced to zero and
the process stops with the eight-bit prod-
uct in the ac and MQ registers.

MPR — Multiply and Round

TN Ca—

S 11121314 17 18-20 21 35

Description. This operation is the same as multiply
except that the c(ac) are increased by 1 if mq (1)
contains a one after multiplication is complete.

Indicators. None.
Timing: 2-14 cycles, modification 1.

Execution. (1) Develop the product as in multiply.
(2) If MQ (1) contains a I, add a 1 to ac (85).

RND — Round
[s 00 ”24 =

Description. 1f position 1 of the mMq contains a 1,
the ¢ (ac) are increased by one. If mQ (1) contains a
0, the c(ac) are unchanged. In either case the c (MQ)
are unchanged. Note that positions 24-35 of this in-
struction represent part of the operation code. Modi-
fication by indexing may change the operation code
itself.

Indicators. AC overflow.
Timing: 2 cycles

Execution. If MqQ(l) contains a 1, the ¢ (AC) q.55 is
sent to the adders with a carry to adder 35. The adder
(@-35) is then taken to ac(Q-85). If mq(l) contains
a 0, no rounding occurs.

VLM — Variable Length Multiply

| +o204 ffre [71] Y ]

S, 1 112 17 1820 21 35

Description. This instruction multiplies the ¢(y) by
the C low-order bits of the ¢ (Mq), to produce a 85 + C
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Figure 22. mpy, MPR, VLM Instruction Flow Chart

bit product. The 35 most significant bits of the prod-
uct replace the ¢ (Ac),,, and the C least significant
bits replace the ¢ (MqQ) 1 through C. Positions Q and
P of the ac are cleared. The remaining 35—C posi-
tions of the mq will contain the original 35—C high-
order positions of the mqQ. The sign of the ac and
MQ is the algebraic sign of the product. An example
is shown in Figure 23.

If C is zero, the instruction is interpreted as a no-
operation and the computer proceeds directly to the
next instruction in sequence, leaving the Ac un-
changed.

If C is not zero but the c (v) are zero, the c (ac) and
c(mQ) are cleared. If the signs of the Mq and location
Y are the same, the signs of the Ac and a1Q are made
positive. If the original signs of the sr and mq differ,
the signs of the Ac and MqQ are made negative. NOTE:
A count field which places a 1 bit in both positions 12
and 13 (60 or larger) will cause indirect addressing.
In general, counts larger than 35 are meaningless.

Operation complete

Indicators. None.
Timing: 2-14 cycles, modifications 1 and 2

Execution. The instruction is the same as multiply
except that the contents of the count field, instead of
43, are placed in the shift counter.

Figure 22 shows the flow chart for MpPy, MpR, and
VLM instructions.

AC MQ

L |

N
C bit multipliér 35

] | )

35- é unuséd bits
of MQ

Before
multiplication

After
multiplication

35 +C bitproduct

Figure 23. Variable Length Multiply
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DVH — Divide or Halt

+0220 I Nll Y ]

Al 11121314 17182021 35

Description. The c(AC)qp1.55 and the ¢(MQ), ;; are
treated as a 70-bit dividend plus sign, and the c(Y) as
a 35-bit divisor. If the magnitude of c(y) is greater
than the magnitude of c(ac), division takes place. A
85-bit quotient replaces the c(MQ),;; and the re-
mainder replaces the c(ac),;;. The MqQ sign is the
algebraic sign of the quotient and the Ac sign is the
sign of the dividend.

If the magnitude of the c(y) is less than or equal
to the magnitude of the c (ac), division does not occur
and the computer stops with the divide-check indi-
cator on. For example, if Q or P of the ac contains a
1, the magnitude of the c(v) is less than the c(ac).
If division does not occur, the dividend remains un-
changed in the ac and mq.

Indicators. Divide check

Timing: 3-14 cycles.

Execution. (1) The c(ac and MQ),.;; are shifted
left one position, creating a zero in position 35 of the
MQ. (2) If the magnitude of the c(y) is less than or
equal to the magnitude of c(ac), the magnitude of
¢ (y) is subtracted from the magnitude of c(ac) and
a one replaces the zero in MQ,;,. Step 1 is then repeated
(Figure 24). (3) If the magnitude of the c(y) is
greater than the magnitude of the c(ac), the com-
puter returns to step 1.

The above process occurs 35 times for each division,
three times per machine cycle.

The following example is a division problem. Again
assume a four-bit machine. The problem is 66 divided
by 5, and the binary numbers represent the result of
the described step.

AC  MQ Y
0100 0010 0101

COMMENTS

Initial contents. ¢ (AC) less than c(y); divi-
sion will take place.

1000 0100 c(ac and MQ) shifted left one place; c(ac)
greater than c ().

0011 o101 C(Y) subtracted from c(ac) and a 1 replaces
MQ 35.

0110 1010 c(ac and MQ) shifted left one place; c(ac)
greater than c(y).

0001 1011 ¢ (y) subtracted from c (ac) and a 1 replaces
MQ 35.

0011 0110 ¢(ac and MQ) shifted left one place; ¢ (ac)
less than c(Y).

0110 1100 c(ac and MQ) shifted left one place; ¢ (Ac)
greater than c(y).

0001 1101 ¢ (Y) subtracted from c(ac) and a 1 replaces

MQ 35.

The quotient is now complete in the mgQ
with the remainder in the ac.

24 iBM 7090

DVP — Divide or Proceed

o T v ]

Al 11 121314

17182021 35

Description. If the magnitude of the ¢ (v) is greater
than the magnitude of the ¢ (ac), division occurs as
with the pvh instruction. If the magnitude of the
C(y) is less than or equal to the magnitude of the
¢ (ac), the divide-check indicator is turned on and
the computer proceeds to the next instruction.

Indicators. Divide check

Timing: 3-14 cycles.

Execution. Exactly the same as bvH except that in-
stead of halting, when a divide-check occurs, the com-

puter executes the next sequential instruction (Figure
24).

VDH — Variable Length Divide or Halt

| +0224 e 1] % ]

S, 1 1112 17 1820 21. 35

Description. This instruction is the same as a pvh
except that a C-bit quotient plus sign replaces the G
low-order positions of the MQ. The remainder replaces
the ¢ (ac) ;.55 and the 35—C high-order positions of the
MQ. Instead of 43 being placed in the shift counter
initially, G is placed there. If C is zero the instruction
1s interpreted as a no-operation and the computer
proceeds directly to the next instruction in sequence.

Indicators. Divide check.
Timing: 2-14 cycles, modification 2

Execution. The same operation as DVH except as
noted above.

NortEe: Indirect addressing may occur if the count
field places 1-bits in positions 12 and 13 of the instruc-
tion (Figure 24).

VDP — Variable Length Divide or Proceed

| +o2s Fc J1] Y

S 12 171820 21 35

Description. This instruction is the same as DVP
except that a C bit quotient with a sign replaces the
C low-order positions of the mQ. The remainder re-
places the c(AC),;; and the 35—C high-order posi-
tions of the mqQ. C rather than 43 is placed in the
shift counter initially. If C is zero the instruction is
interpreted as a no-operation and the computer pro-
ceeds directly to the next instruction in sequence.

Indicators. Divide check.
Timing: 2-14 cycles, modification 2



Instruction in the
storage register

!

l Operation is decoded

Y
DVP VODP
DVH VDH

'
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and in storage register

(Divisor)

Set 43 in Set Cin
the shift the shift
counter counter

Figure 24. pvH, pve, vbH, and vor Flow Chart

Execution. The same procedure as pvp except as
noted above.

NotEe: Indirect addressing may occur if the count
field places 1 bits in positions 12 and 13 of the in-
struction.

Figure 24 shows the logic flow chart for pvH, pvp,
vDH, and vDpp instructions.

Floating Point Operations

The following operations are divided into two groups
to describe the processing of floating-point numbers
in either normalized or unnormalized form. The pos-
sibility of floating-point overflow or underflow during
the execution of a floating-point instruction is indi-
cated by an asterisk (*). All conditions of underflow
and overflow are discussed following the last floating-
point instruction.

Proceed

Shift C(AC and MQ)
1 place to the left
(MQ1 to AC35)

No Yes

1.to MQ
35 35

Operation complete-
Quotient in MQ.
Remainder in AC.

Floating Point Arithmetic

The algebraic addition of two floating-point num-
bers in the computer is analogous to the ordinary al-
gebraic addition of two signed numbers with decimal
points. An example is the algebraic addition of the
two numbers 100 and —0.1009:

100.0000
— 0.1009

99.8991

Note that the second number must be shifted to the
right to line up the decimal points, and that the first
number must be supplied with additional zeros. The
same addition performed with numbers expressed in
floating-point decimal form, would be:

.1000 x 103
—.1009 X 10°

Again, before the addition, the lower number is
shifted to the right with a compensating change in
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the exponent and corresponding zeros are added to
the number on the upper line:

.1000000 X 103
—.0001009 X 103

.0998991 X 10% = .998991 X102

Note also that the digits of the answer must be moved
to the left to be in normalized form and that the final
fraction contains more digits than either of the two
numbers involved in the addition.

In the computer the two numbers are expressed as
binary fractions, each having an 8-bit binary char-
acteristic to represent the exponent of 2. The “lining
up” is done by shifting from the ac into the mQ. The
result of an addition or multiplication is normalized by
shifting the fractions in the ac and mq left while mak-
ing compensating changes in the characteristic of the
sum or product.

FAD —Floating Add

+030  [FN\\7] Y

Al 11 121314 17 18-20 21 35

Description. The floating-point numbers located in
Y and the ac are added together. The most significant
portion of the result appears as a normal floating-point
number in the ac. The least significant portion of the
result appears in the mqQ as a floating-point number
with a characteristic 33 (octal) less than the ac char-
acteristic. The signs of the ac and Mq are set to the
sign of the larger factor. The sum in the Ac and mMQ
is always normalized whether the original factors were
normal or not. If ¢ (AC), ,; contain zeros, the FAD may
be used to normalize an unnormal floating-point num-
ber.

Indicators. Floating-point underflow, overflow, and
floating-point trap.

Timing: 6-15 cycles, modification 3

Execution

1. The mq register is cleared to zeros.

2. The ¢ (y) are placed in the sr.

3. If the characteristic in the sr is less than the
characteristic in the Ac, the c(sR) and c(AC) g ;.55 are
interchanged, as the number with the smaller char-
acteristic must appear in the ac before addition can
take place.

4. The Mq is given the same sign as the Ac.

5. If the difference in the characteristics is greater
than 63, the c(ac) are cleared. If the difference in
the characteristics is a number N less than or equal
to 63, the c(AC) .45 are shifted right N places. Bits
shifted out of position 85 of the ac enter position 9

26 1BM 7090

of the mq. Bits shifted out of position 85 of the mMQ
are lost.

6. The characteristic in the sr replaces the ¢ (AC) 1.

7. The ¢ (sR) 4.55 are added to the c (AC) .55 and this
sum replaces the ¢ (AC),.5;. If the signs of the ac and
srR are unlike, the ¢ (sR)4.5; are added to the 1’s com-
plement of the c(AC),.55. Since the c(AC) 435 repre-
sent a pure fraction, the magnitude of their 1's com-
plement is equal to (1 —227) — C(AC) g_g5-

8. Regardless of the sign or relative magnitudes of
the sk and Ac, the result appears in double-precision
form with signs alike in both the ac and mqQ. If the
signs of the ac and sr are the same and the magnitude
of the sums of the fractions is greater than or equal to
one, there is a carry from position 9 into position 8
of the ac. Thus, the characteristic of the ac is in-
creased by one.* In this event, the fractions of the
ac and MmqQ are shifted right one position and a 1 is
inserted into position 9 of the ac. If the signs of the
Ac and sr are different, there are two cases, both de-
pending on the difference between the sk and Ac
fractions.

Case 1. If the magnitude of the SR fraction is
greater than the fraction in the aAc, the ac and
MQ signs are both changed to the sign of the sr.
If the fraction of the mq is zero, the difference
between the fractions of the sr and ac is placed
in the ac. If the fraction of the mMq is not zero,
the difference between the fractions of the sr and
AC, minus one, is placed in the ac; the 2’s com-
plement of the mq fraction replaces the fraction
in the MQ.

Case 2. If the magnitude of the sr fraction is less
than the fraction in the Ac, the difference of the
two fractions replaces the fraction of the ac. The
sign of the Ac and the entire MQ remain un-
changed.

9a. If the resulting fractions in both the ac and
MQ are zero, the Ac is cleared, yielding a normal zero.
If the fractions are in normalized form before the Fap
is given, this result can only occur if the signs are
different and the c(v),.;; are equal to the c(AC), ;.
The signs of the ac and mq will be equal to the sign
of the number originally in the ac. If the resulting
fraction in the ac is zero and the two numbers were
not in normalized form before addition, the signs of
the Ac and MQ are equal to the sign of the original
number having the smaller characteristic.

9b. If the resulting fractions in the Ac and mq are
not zero, the fractions of the ac and mq are shifted
left until a 1 appears in position 9 of the ac. Bits
enter position 35 of the ac from position 9 of the mq.
The characteristic in the ac is reduced by one for each



position shifted.* No shifting is necessary if the frac-
tion of the ac is in normal form at the beginning of
this step.

10. The Mq is given a characteristic which is 27
less than the characteristic in the ac,* unless the Ac
contains a normal zero, in which case zeros are left
in positions 1-8 of the mq.

If the P and/or Q positions of the Ac are not zero
before the execution of the Fap, the result will usually
be incorrect. Non-zero bits in P and/or Q which are
initially interpreted as part of the Ac characteristic
make it larger than the characteristic in the sr so that
the interchange in step 8 will always take place. Dur-
ing the interchange a 1 will be placed in position S
of the sr if there is a 1 in either S or P positions of the
AG, so that the sign of the number may be changed.
Any bit in Q is lost during the interchange and both
P and Q are cleared when the c (sr) replace the ¢ (Ac) .
The difference between the two characteristics is com-
puted after the interchange occurs, so that in step 5,
N will not be equal to the difference between the
original characteristics. In step 6 the characteristic in
the sr, with its Q and P bits missing, replaces the char-
acteristic in the ac. Consider as a sample problem the
addition of:

22 X .1001 =
28 X .1001

(SR) +10000010.1001
(AC) +10000101.1001

First, the exponents must be equalized and then the
addition may proceed. The characteristics are checked
and found unequal, with the largest in the ac. The
numbers in the Ac and sr are then exchanged, giving:

SR +10000101.1001
AC +10000010.1001

The MqQ content is zeros at this time. The ¢ (AC) g.z5
are then shifted right the number of places needed to
equalize the exponents. (Remember that the binary
point is located between positions 8 and 9 of all regis-
ters.) The registers then appear as:

SR +4-10000101.1001
AC +-10000101.0001
MQ 4-00000000.0010

The fractions (positions 9-35) may now be added.

SR +10000101.1001
AC +10000101.1010
MQ +00000000.0010

AC position 9 is checked for a 1 and no normalizing
occurs. The MQ characteristic is now set. It is equal
to the ac characteristic minus the number of places in

the ac fraction (27 in the computer, 4 in this ex-
ample) :

SR +10000101.1001
AC +10000101.1010
MQ +10000001.0010

Decoding the results into the original format, we find:
25 < .1001 MQ =21 X .0010 = 25 X .00600010
25X .0001001 AC = 23 X .1010
25 % .1010001 resultant sum = 25 X .10100010

FAM — Floating Add Magnitude

o

17 18-20 21 35

S 11 121314

Description. This instruction algebraically adds the
positive magnitude of the floating-point numbers con-
tained in Y to the signed floating-point number in
the ac. The sum is normalized.

Indicators. Floating-point underflow and floating:
point overflow; floating-point trap.

Timing: 6-15 cycles, modification 3

Execution. The same procedure as FAD except that
the magnitude of the number in the sr is used (sR
sign is forced plus).

UFA — Unnormalized Floating Add

-0300 FNN 7| Y |

3l T 121314 17 1820 21 35

Description. This instruction algebraically adds two
floating-point numbers contained in the ac and Y.
The sum is not normalized.

Indicators. Floating-point underflow and floating-
point overflow; floating-point trap.

Timing: 5-10 cycles, modification 4

Execution. The same procedure as FAD except that
no normalizing will occur (step 9).

FSB — Floating Subtract

+0302 F 1] Y ]

A 11 121314 17 18-20 21 35

Description. This instruction algebraically subtracts
the floating-point number located in Y from the float-
ing-point number in the ac, and normalizes the re-
sult.
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Indicators. Floating-point underflow and floating-
point overflow; floating-point trap.

Timing: 6-15 cycles, modification 3

Execution. The same procedure as FAD except that
the negative of the c(vy) are placed in the sr (sR sign
is reversed) .

UAM — Unnormalized Add Magnitude

-0304 FN 7| Y

Al 111211314 17 18-20 21 35

Description. This instruction algebraically adds the
magnitude of the floating-point number contained in
Y to the signed floating-point number in the ac. The
sum is not normalized.

Indicators. Floating-point underflow and floating-
point overflow; floating-point trap.

Timing: 5-11 cycles, modification 4

Execution. The same procedure as FAD except that
the sign of the number in the sr is made positive and
the result is not normalized.

FSM — Floating Subtract Magnitude

+0306 F 7] Y ]

21314 17 18-20 21 35

Description. This instruction algebraically sub-
tracts the magnitude of a floating-point number stored
at Y from the signed floating-point number in the ac.
The result is normalized.

Indicators. Floating-point underflow and floating-
point overflow; floating-point trap.

Timing: 6-15 cycles, modification 3

Execution. The same procedure as FaD except that
the negative magnitude of the contents of Y are used
(sr sign is forced minus).

UFS — Unnormalized Floating Subtract

o R v

Al 11 121314 17 18-20 21 35

Description. This instruction algebraically subtracts
the floating-point number located in Y from the float-
ing-point number in the ac. The result is not nor-
malized.

Indicators. Floating-point underflow and floating-
point overflow; floating-point trap.

Timing: 5-10 cycles, modification 4

28 1BM 7090

Execution. The same procedure as FAD except that
the negative of the contents of Y are placed in the
sk and normalizing does not occur.

USM — Unnormalized Subtract Magnitude

- 0306 FNNY 7] Y ]

Al 11121314 17 18-20 21 35

Description. This instruction algebraically sub-
tracts the magnitude of a floating-point number stored
at Y from the signed floating-point number in the Ac.
The result is not normalized.

Indicators. Floating-point underflow and floating-
point overflow; floating-point trap.

Timing: 5-11 cycles, modification 4

Execution. The same procedure as FAD except that
the negative magnitude of the contents of Y are used
and the result is not normalized.

The differences between answers, received after
execution of a floating-point add or subtract opera-
tion, when using a 704 or 7090 system is a matter
of increased precision and is summarized as:

704 7090

1. Accumulator sign and
MQ sign not neces-
sarily the same.

Accumulator sign and
MQ sign are guaranteed
to be equal.

Characteristic difference
between accumulator
and Mq is always 27,,.

2. Characteristic differ-
ence between accu-
mulator and wmQ is
usually 27,, but it
can be 28,, when add-
ing numbers of un-
like signs.

If the accumulator is
zero and the mqQ is not,
the MqQ factor will be
shifted in order to nor-
malize the sum.

3. If the accumulator is
zero and the MqQ is
not, the sum will not
be shifted and the ac-
cumulator will be
made equal to a nor-
mal zero.

FRN — Floating Round

P 1

12 17 18-20 21-23 24 35

l +0760
B

Description. Floating-point add, subtract, and mul-
tiply produce a double-word result. The instruction



FrN will add 1 to position 35 of the Ac if the MQ frac-
tion is equal to or exceeds half the magnitude of a
1-bit in ac 85. The Ac is corrected if rounding re-
sults in a carry from ac 9.

Indicators. Floating-point overflow, floating-point
trap.

Timing: 2 cycles

Execution. If mqQ 9 contains a 1, a carry will be
added to Ac 85. A carry out of Ac 9 increases the char-
acteristic of the ac by 1, causes the fraction of the ac
to be shifted right and a 1 to be placed in Ac 9. Since
the address part of this instruction represents part of
the operation code, any modification by an index reg-
ister may result in changing the operation itself.

FMP — Floating Multiply

0260 F 7] Y ]

Al 11121314 17 18-20 21 35

Description. The c(y) are multiplied by the c(MQ).
The most significant part of the product appears in
the ac and the least significant part appears in the
MQ. The product of two normalized numbers is in
normalized form. If either of the numbers is not nor-
malized, the product may or may not be in normalized
form.

Indicators. Floating-point underflow, floating-point
overflow, and floating-point trap.

Timing: 2-13 cycles, modification 1
Execution

1. The c(y) are placed in the sk and the Ac is
cleared.

2a. If the multiplicand is a normal zero so that
C(SR) ;.55 are equal to zero, the MQ,; is cleared and
the calculator proceeds directly to the next instruc-
tion in sequence. This is also true on the 7090 if the
MQ fraction is zero.

2b. If the ¢ (sR) 5.35 are not equal to zero, the sum of
the characteristics in the sk and MQ minus 128 is
placed in positions 1-8 of the ac* (Figure 25) .

3. The c(sR),.5; are multiplied by the ¢ (MQ) 5.
The 27 most significant digits of the 54-digit product
replace the ¢ (AC) 4.55 and the 27 least significant digits
replace the ¢ (MQ),.5;. The sign of the ac is the al-
gebraic sign of the product.

4a. If the fraction in the Ac is zero, the C(AC)q, p, 1.35
are cleared, yielding a signed normal zero.

4b. If the position 9 of the ac contains a zero but
the fraction in the Ac is not zero, the ¢ (AC) 10.5; and

l Multiplicand to storage register I

{

I Check signs and set signs of product

'

| Add char. of the MQ and SR

{

Subtract 200 from char. and place
in the accumulator register

!

l Multiply SR fraction by MQ fraction J

I

Put AC char., minus 33,
in the MQ

Set accumulator
characteristic to 0

/

Operation
Complete

Shift AC and MQ left

one place

i

Reduce AC char. by 1

y
Set MQ char. to AC char.
minus 33
Y

[ Operation complete I

Figure 25. FMp and UFM Flow Chart

the c(MQ),.;; are shifted left one position and the
characteristic in the Ac is reduced by 1.

ba. If the Ac contains a normal zero, positions 1-8
of the mq are cleared.

5b. If the ac does not contain a normal zero, the
¢ (MQ) .5 are replaced by a characteristic which is 27
less than the characteristic in the Ac (*).

6. The sign of the M is replaced by the sign of the
AC.

UFM — Unnormalized Floating Multiply

-0260 ]& 1] Y

S 11121314

17182021 35

Description. This instruction multiplies the float-
ing-point number at Y by the floating-point number
in the MqQ. The result is not normalized.

Indicators. Floating-point underflow and floating-
point overflow; floating-point trap.
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Timing: 2-13 cycles, modification 1
Execution. The same procedure as FMP except that
the product is not normalized or zero tested.

Figure 25 shows a flow chart of the ¥mMp and urm
instructions.

FDH — Floating Divide or Halt

+0240 & [ Y |

S,1 11121314

17 1820 21 35

Description. The c(ac) are divided by the c(y).
The quotient appears in the MQ and the remainder
appears in the ac. If the magnitude of the Ac fraction
is greater than or equal to twice that of the C(Y) 9.3
or if the magnitude of the c(Y) .45 is zero, the divide
check indicator is turned on and the computer stops,
leaving the dividend in the ac unchanged and a nor-
mal zero in the ¢ (MQ). The quotient is in normal
form if both the dividend and divisor are in that
form. If they are, the magnitude of the ratio of the
fraction in the Ac to the fractional part of c (v) is less
than two but greater than one-half.

Indicators. Floating-point underflow, floating-point
overflow, divide check, and floating-point trap.

Timing: 8-13 cycles, modification 5

Execution

1. The c(y) are placed in the storage register.

2. The Mmq is cleared.

3. The sign of the Mq is made equal to the alge-
braic sign of the quotient. The sign of the ac re-
mains unchanged throughout so that the signs of the
remainder and dividend always agree.

4. If the magnitude of the fraction in the ac is
greater than or equal to twice the magnitude of the
fraction in the sRr, or if the fraction in the sr is zero,
the divide-check indicator and panel light are turned
on, the calculator stops and the dividend is left un-
changed in the ac.

5. If the fraction in the Ac is zero, the ¢(AC)qp 1.5
are cleared and the remaining steps are skipped. If
$ (AC) is minus, the sign is forced plus.

6. If the magnitude of the fraction in the Ac is
greater than or equal to the magnitude of the fraction
in the sr, the Ac is shifted right one position, and the
characteristic in the Ac is increased by one.* The bit
in position 35 of the ac enters position 9 of the mMQ.

7. The characteristic of the Ac minus the charac-
teristic of the sr plus 128 is placed in positions 1-8 of
the mq.*
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8. The fractional part of the dividend, which con-
sists of the € (AC) .55 (and the ¢ (MQ) if the condition
of step 6 is met), is divided by the fraction in the sr
and the quotient replaces the ¢ (MQ) g.q5.

9. The 27-bit remainder resulting from the division
in step 8 replaces the G (AC) ¢.q5.

10. The characteristic in the ac is reduced by 27*.

Note: Even though the numbers are not in nor-
malized form, the quotient will be normalized if the
ratio above holds. If the fraction in the Ac is zero, a
normalized zero will result in the mq.

FDP — Floating Divide or Proceed

+0241 F& 1] Y

1 11 121314 17 18-2021 35

Description. This instruction divides the floating-
point number stored in the ac by the floating-point
number located at Y.

Indicators. Floating-point underflow, floating-point
overflow, divide check, and floating-point trap.

Timing: 3-13 cycles, modification 5

Execution. The same procedure as FDH except that
if the computer cannot handle the problem, it does
not halt but proceeds to the next sequential instruc-
tion.

Floating-Point Trap

During the execution of floating-point instructions
the resultant characteristic in the ac and MQ may ex-
ceed eight bit positions (result is too large for stor-
age). The capacity is exceeded if the exponent goes
beyond +177 or below —200. Beyond +177 is termed
overflow while below —200 is termed underflow. Over-
flow and underflow may occur in either the aAc or the
MQ registers.

To aid the programmer in checking for these condi-
tions, a unique check called floating-point trap is used.
The computer will, upon sensing an underflow or
overflow, put the address plus one of the instruction
that caused the condition into the address portion of
location 0000.

An identifying code, telling whether an underflow
or an overflow occurred and whether the most signifi-
cant result is in the Ac or Mg, is placed in the decre-
ment portion of location 0000. The computer then
executes the instruction at location 0010 and proceeds
from there. These underflows and overflows are
termed spills. The decrement positions and meaning
of a 1-bit in these positions is:



BIT

POS. MEANING

14. Divide only (MmQ register is not an extension
of the ac factor) .

15. Overflow in either Acc or mQ, (or both)
registers.

16. ac factor exceeded.

17. mqQ fraction is excessive.

Shifting Operations

Shift instructions are used to move the contents of the
ac and/or the Mq either to the right or the left of
their original positions. With the exception of the
ROTATE MQ LEFT instruction, zeros are automatically
introduced in the vacated positions of a register.
Thus, a shift larger than the bit capacity of the reg-
ister will cause the contents of the register to be re-
placed by zeros.

When a shift instruction is interpreted, the amount
of the shift is determined by bit positions 28-35 of the
instruction. This provides a maximum shift of 377
places. Any number larger than 377 is interpreted
as modulo 400. By modulo 400 is meant that, given
any shift count, the actual number of positions shifted
will be the remainder after dividing the shift count
by 400.

l Instruction in storage register

All shift instructions are subject to address modifica-
tion through indexing. Shifting a number in a reg-
ister is equivalent to multiplying or dividing it by a
power of 2 (as long as none of the significant bits is
lost) .

In the following description of the shift instruc-
tions, the number of positions to be shifted is speci-
fied by “positions 28-35.” With indexing, this shift
is modified by positions 10-17 of the specified index
register or registers.

ALS — Accumulator Left Shift

[ +o7e7 T Olﬂ Y ]

S, 1 n 17 18.2 35

Description. This instruction causes the c(AC)q, p, 1-35
to be shifted left the number of places specified in
positions 28-35 of the address portion of the instruc-
tion. The sign position is unchanged.

Indicators. AC overflow.
Timing: 2-4 cycles, modification 7

Execution. If a non-zero bit is shifted into position
P from position 1, the ac overflow indicator is turned
on. Bits shifted past position Q are lost. Vacated posi-
tions are filled with zeros (Figure 26).

S,1-1 28-35
Instruction Set address in
decoded shift counter
l
ALS ¢ ARS LLS 0 LRS
\ \

] Shift AC left Shift AC | Shift AC &MQ Shift AC&MQ
1 position right 1 position left 1 position right 1 position

\
[MQltoAC3s ]

[ac3stomar |

Operation complete

Set ACsign
to MQsign

Set MQ sign
to AC sign

|

l Operation complete I

Figure 26. ARs, ALs, LLs, and LRs Flow Chart
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ARS — Accumulator Right Shift

LGL — Logical Left Shift

[+ RSN T | v ;l

S, 1 112 17 1820 21

Description. The c (AC) g, p, 1-35 are shifted right the
number of places specified in positions 28-35 of the
address portion of the instruction. The sign position
is unchanged.

Indicators. None.
Timing: 2-4 cycles, modification 7

Execution. Bits shifted past position 35 of the ac-
cumulator are lost. Bits shifted from Q enter P and
bits from P enter position 1. Vacated positions are
filled with zeros (Figure 26).

LLS — Long Left Shift

[ T v ]

5,1 1112 17 1820 21 35

Description. The c(AC) g p, 155 and the ¢ (MQ) ;.45
are treated as one register. The contents of these reg-
isters are shifted left the number of places specified in
positions 28-35 of the address portion of the instruc-
tion. The mq sign position is unchanged and the sign
of the Ac is made to agree with it.

Indicators. AG overflow.
Timing: 2-7 cycles, modification 7

Execution. Bits enter position 35 of the ac from
position 1 of the mq. If a non-zero bit is shifted into
or through position P, the ac overflow indicator is
turned on. Bits shifted past position Q are lost. Posi-
tions vacated are filled with zeros (Figure 26) .

LRS — Long Right Shift

B

S 112 17 1820 21 35

Description. The c(AC) g p ;35 and the ¢ (MQ) g5
are treated as one register. The contents of these reg-
isters are shifted right the number of places specified
in positions 28-35 of the address portion of the instruc-
tion. The Ac sign is unchanged and the sign of the
MQ is made to agree with it.

Indicators. None.
Timing: 2-7 cycles, modification 7

Execution. Bits enter position 1 of the mq from
position 35 of the ac. Bits shifted past position 35 of
the mq are lost. Vacated positions are filled with zeros
(Figure 26) .

Figure 26 shows the flow chart for the Ars, ALs, LLs,
and LRs instructions.
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| -0763
S

— E——

n 35

Description. The ¢ (AC) g p, 1.55 and the ¢ (MQ) g, 1.35
are treated as one register. Their contents are shifted
left the number of places specified in positions 28-35
of the address portion of the instruction. The sign of
the ac is unchanged.

Indicators. AC overflow.
Timing: 2-7 cycles, modification 7

Execution. Bits enter pesition S of the mqQ from
position 1 of the MqQ. Bits from mq (s) then enter posi-
tion 35 of the accumulator. If a non-zero bit is shifted
into or through position P of the ac, the ac overflow
indicator is turned on. Bits are shifted from P to Q
and any bits shifted from Q are lost. Vacated posi-
tions are filled with zeros.

LGR — Logical Right Shift

| -o7es N1 Y |

S 1 1112 17 1820 21 35

Description. The G (AC) g, p, 1.5s and the ¢ (MQ) g, 135
are treated as one register. Their contents are shifted
right the number of places specified in positions 28-
35 of the address portion of the instruction. The sign
of the ac is unchanged.

Indicators. None.
Timing: 2-7 cycles, modification 7

Execution. Bits enter position S of the mq from
position 35 of the ac. Bits enter Mg 1 from MQ (s).
Bits shifted past position 35 of the mq are lost. Va-
cated positions are filled with zeros.

RQL — Rotate MQ Left

[ I v ]

S 1112 17 1820 21 35

Description. The c(MmqQ) are shifted left the num-
ber of places specified by positions 28-35 of the ad-
dress portion of the instruction. The instruction
shifts position § into position 35, and thus the register
becomes a circular one.

Indicators. None.
Timing: 2-4 cycles, modification 7

Execution. Bits are rotated from position 1 of the
MQ to position S, and from position S to position 35.
No bits are lost.



Word Transmission Operations

The operations described in this section are con-
cerned with the movement of words or parts of words
from one core location or register to another.

LDQ — Load MQ

+0560 ]F& 1| Y |

.1 1 12-1314 1718-2021 35

Description. This instruction places the contents of
Y into the mqQ. The c(Y) are unchanged.

Indicators. None.

Timing: 2 cycles

STQ — Store MQ

- 0600 F &ﬂ Y

Bl 11 121314

17 18-20 21 35

Description. This instruction places the contents of
the mq into the specified Y location. The ¢ (MQ) re-
main unchanged.

Indicators. None.
Timing: 2 cycles

Execution. See Figure 27.

SLQ — Store Left Half MQ

Indicators. None.
Timing: 2 cycles

Execution. See Figure 27.

STO — Store

+0601 F 7] Y |

S,1 11121314 1718-:20 21 35

Description. The ¢ (AC) g, ;.35 Teplace the ¢ (v). The
C(ac) are unchanged.

Indicators. None.
Timing: 2 cycles

Execution. See Figure 27.

SLW — Store Logical Word

+0602 |F§ 1] Y |

1 11 121314

17 182021 35

Description. The c(AC)p .55 replace the ¢(y). The
¢ (ac) are unchanged.

Indicators. None.
Timing: 2 cycles

Execution. See Figure 27.

STP — Store Prefix

-0620

F ] Y |

+0630

[T Y |

1 11 1211314 1718-20 1 35

Description. The ¢ (MQ) g, ;.17 replace the ¢ (Y) g 1.17-
The ¢ (Mq) and the ¢ (Y) 1535 are unchanged.

Al 11 12-1314 17182021 35

Description. The c(AC)p, 4, , replace the G(Y)g, 1, 2.
The c(Y) 3.35 and the c(ac) are unchanged.

SLW §1P STD SlD SLQ STQ ISTZI STI STO i STT | STA lSXA H STL I STR
[\t
VTV
\ \ARR \ | v Yily Y
AC(P,1-35) Tagged XR MQ(s, 1-35) eros to SB S1(0-35) AC(S,1-35) Tagged XR ICto
to SB(S, 1-35) to SB(3-17) to SB(S, 1-35 S,1-35) to SB(S,1-35)(| |to SB(S,1-35) to SB(21-35) SB(21-35)
Y Yy A Y l{_
Store Store Store Store | |Store
S,1,2 3-17 S,1-17 18-20 | |21-35
only only only only only
4 Yy h i ]
Store full word Trap and
S,1-35 set the IC
to 0002

Figure 27. Data Flow Chart for Store Instructions
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Indicators. None.
Timing: 2 cycles

Execution. See Figure 27.

STD — Store Decrement

+0622 FTI Y |

5,1 11121314 17 1820 21 35

Description. The ¢ (AC) 4.4, replace the ¢ (Y) 5.,,. The
C(Y)s, 1,2, 1835 and the c (ac) are unchanged.

Indicators. None.
Timing: 2 cycles

Execution. See Figure 27.

STT — Store Tag

+0625 FX 7] Y J

S 11 12:1314 17.18-20 21 35

Description. The ¢ (AC) 15.5, replace the ¢ (Y) 5.2
The ¢ (Y) g, 1-17, 21-s5 and the ¢ (Ac) remain unchanged.

Indicators. None.
Timing: 2 cycles

Execution. See Figure 27.

STA — Store Address

re21 [FRN 7] Y |

S\ 11 121314

17 18-20 21 35
Description. The € (AC) .14, replace the € (Y) .55
The ¢(Y) g, 120 and the ¢ (ac) are unchanged.
Indicators. None.
Timing: 2 cycles

Execution. See Figure 27.

STL — Store Instruction Location Counter

065 [FRNN 7] Y ]

S 111211314 17 18-20 21

Description. The location of the sTL instruction
plus 1 replaces the €(Y) ;;.55. The c(Y) g ;.50 are un-
changed.

Indicators. None.
Timing: 2 cycles

Execution. Instruction counter contents to address
switches. Address switches to the storage register bus.
Storage register (21-35) to storage. See Figure 27.
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STR — Store Location and Trap

B

$1-23 35

Description. The location of the stR instruction,
plus one, replaces positions 21-35 of location 0000.
The computer then takes its next instruction from
location 0002. The contents of positions 3-35 of this
instruction are not interpreted by the computer.

Indicators. None.
Timing: 2 cycles
Execution.

Note: Conflicts may arise when the computer is op-
erated in the trapping mode. This instruction, trans-
fers in the trap mode, and floating-point trap, all use
location 0000. See Figure 27.

STZ — Store Zero

+0600 F 1] Y

Al 11 121314 17182021 35

Description. The ¢ (Y) ;.45 are replaced by zeros and
the ¢ (v) g are made plus.

Indicators. None.
Timing: 2 cycles
Execution. See Figure 27.

XCA — Exchange AC and MQ

| +0131
S 1

[l

Description. The c(AC)g ;45 are exchanged with
the €(MQ)g.55. Positions P and Q of the ac are
cleared.

Indicators. None.
Timing: 1 cycle

Execution. See Figure 28.

XCL — Exchange Logical AC and MQ

[ -0130
S

n

Description. The c(AC)p, ;.55 are exchanged with
the c(MQ)g, ;.35 Positions S and Q of the ac are
cleared.

Indicators. None.



Timing: 1 cycle

Execution. See Figure 28.

ENK — Enter Keys

+0760 N 1 NN 4

5,1 12 17 18-20 21-22 23 35

Description. This instruction places the contents of
36 panel input switches into the c¢(MQ). When a
panel input switch is down it represents a 1; when it
is up, it represents a zero.

Indicators. None.

Timing: 2 cycles

Execution. Since the address part of this instruc-
tion contains part of the operation code for this in-

struction, any address modification by an index regis-
ter may result in the changing of the operation itself.

Control Instructions

Instructions which govern the flow of a program, and
in particular those which cause an alteration in the
computer’s normal process of taking its instructions
from sequential locations, are called control instruc-
tions.

Unconditional transfer instructions specify the lo-
cation “Y” from which the computer is to take the

Decode the instruction

Y

C(MQ) to the storage

next instruction. Conditional transfer instructions also
specify a location Y. However, whether the computer
takes its next instruction from Y or the next sequen-
tial location depends upon the outcome of a test. This
test is specified by the operation code of the instruc-
tion.

Test instructions are similar to conditional control
instructions in that they cause some test to be per-
formed. Unlike conditional instructions, however, test
instructions do not specify a location Y to which con-
trol may be transferred. Instead, the alternative loca-
tion to which control may be transferred is fixed rela-
tive to the location of the test instruction.

NOP — No Operation

112

| +0761
S

Description. This instruction causes the computer
to take the next instruction in sequence.

Indicators. None.

Timing: 2 cycles

HPR — Halt and Proceed

S

112 as

| +0420
S 1

Description. This instruction causes the computer
to halt. The 1c contains the location of the next se-

register
Y
XCA XCL
Inst,
SR(1-35) to SR(S, 1-35) to
adders adders
{ 1 / y
SR sign to AC(S,1-35) to AC(P,1-35) to Adders (Q-35)
AC sign storage reg SR(S,1-35) to AC
Set AC sign
to plus

V.

SR(S,1-35) to
MQ(s, 1-35)

Figure 28. xcA and xcL Flow Chart
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quential instruction. When the start key on the op-
erator’s console is depressed, the computer proceeds
and executes the next sequential instruction.

Indicators. None.

Timing: 2 cycles

HTR — Halt and Transfer

w0 [F] I Y |

5,1 11121314 171820 1 35

Description. This instruction causes the computer
to halt. The 1c contains the location of the HTR in-
struction. Depression of the start key, on the opera-
tor’s console, causes the computer to transfer to loca-
tion Y and execute that instruction.

Indicators. Trap Mode.

Timing: 2 cycles

XEC — Execute

+ 0522

[P Y

11121314 1718-:2021 35

Description. This instruction causes the computer
to perform or “execute” the instruction at location Y.

Indicators. None.

Timing: 1 cycle

Execution. Since the location counter is not altered
(when Y contains any instruction other than a suc-
cessful transfer or test instruction), the program ad-
vances to the next sequential instruction following the
execute instruction after performing the instruction
at location Y. If location Y contains a transfer in-
struction, it will be executed and program control will
be altered from the sequential process. If location
Y contains a test instruction, the instruction following
EXECUTE will be located relative to the EXEcUTE rather
than the TEsT instruction. Thus, any instruction which
changes the instruction counter (STR, TRA, DCT, etc.)
will alter program control when that instruction is
executed by xEc.

TRA — Transfer

Al 11 121314 17.18-20 21 35

Description. This instruction causes the computer
to take its next instruction from location Y and pro-
ceed from there.

Indicators. Trap Mode.
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Timing: 1 cycle
Execution. See Figure 29.

ETM — Enter Trapping Mode

17 1820 21-22 23

| +0760
$1

n

Description. This instruction causes the computer
to enter the transfer trapping mode. The transfer
trapping indicator on the operator’s console is turned
on.

Indicators. Trap Mode.

Timing: 2 cycles

Execution. When the computer is in the trapping
mode and any transfer instruction except a TIR is
executed, the location of the transfer instruction re-
places the address part of location 0000 whether the
condition for transferring is met or not. If the trans-
fer condition is met, the computer takes its next in-
struction from location 0001 and proceeds from there.
Only instructions which have “transfer” in their title
are affected by the transfer trapping mode. Address

TRA in Trap Mode TSX
Instruction in the SR i l Instruction in the SR T
Block Address Portion SB (18-20) to

to Address Switch (AS) Tag Register

!

AS Set to 00000 and Sent SR (18-35) to
to Address Register (AR) Adders (P-17)

' N

Instruction Counter (IC) Adders to AS and
to AS and AS to SR (21-35) AS to AR

v Y

uk to IC (00000 in IC) I L IC o AS

Y v

Block Storage Bus (SB) AS to SR (21-35)

to SR
SR to SB and Advance
IC to 00001 SR (2]'35) to Adder (P"7)

Adder (3-17) to XR and
1 to Adder 17

!

XR to Adders and
Adders to XR

'
AR to IC B

Figure 29. TrA, TSX, and Trap Mode Flow Chart




modification may change the operation, since posi-
tions 23-35 of the instruction are a part of the opera-
tion code,

LTM — Leave Trapping Mode

|s o0 = &

Description. This instruction turns off the trap
mode indicator and causes the computer to leave the
transfer trapping mode. Transfer instructions, there-
fore, will not be trapped again until an ET™M opera-
tion is executed.

Indicators. Trap Mode.

Timing: 2 cycles

Execution. The computer operates in the trapping
mode until either a LEAVE TRAPPING MODE OPERATION
is executed or the clear or reset key on the operator’s
console is depressed. Since positions 23-35 represent
part of the operation code of this instruction, any

modification by an index register may result in the
changing of the operation itself. See Figure 29.

TTR — Trap Transfer

e L v

Al 111211314 17.18-20 21 35

Description. This instruction causes the computer to
take its next instruction from location Y and to pro-
ceed from there whether in the transfer trap mode or

L Decode the instruction _]

Address switch to
address register
TNZ, TZE Y

TPL, TMI

Comp. AC to adders
adder Q carry to
adder position-35

not. This makes it possible to have an unconditional
transfer in the transfer trapping mode.

Indicators. None.

Timing: 1 cycle

TZE — Transfer on Zero

+0100 F&I Y

1 11 121314 17 18-20 21 35

Description. If the c(AC)qp,;-ss are zero, the com-
puter takes its next instruction from location Y and
proceeds from there. If they are not zero, the next
sequential instruction is taken.

Indicators. Trap mode.
Timing: 2 cycles

Execution. See Figure 30.

TNZ — Transfer on No Zero

d Ui Y

2-1314 17182021 35

-0100

Description. If the c(AC)qp,ss are not zero, the
computer takes its next instruction from location Y
and proceeds from there. If they are zero, the next
sequential instruction is taken.

Indicators. Trap mode.
Timing: 2 cycles

Execution. See Figure 30.

Execute the next
sequential instruction

Figure 30. TNz, TzE, TPL, and T™I Flow Chart
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TPL — Transfer on Plus

FA\T] Y

11 121314 171820 21 35

+0120

Description. If the sign position of the Ac is posi-
tive, the computer takes its next instruction from loca-
tion Y and proceeds from there. If the sign position
is negative, the computer takes the next sequential
instruction.

Indicators. Trap mode.
Timing: 1 cycle

Execution. See Figure 30.

TMI — Transfer on Minus

-0120 F T Y

1 11 121314 17182021 35

Description. If the sign position of the Ac is nega-
tive, the computer takes its next instruction from loca-
tion Y and proceeds from there. If the sign position
is positive, the computer takes the next sequential
instruction.

Indicators. Trap mode.
Timing: 1 cycle

Execution. See Figure 30.

TOV — Transfer on Overflow

+0140 F 7] Y ]

1 11121314 17 18-20 21 35

Description. If the ac overflow indicator is on, it
is turned off and the computer takes its next instruc-
tion from location Y. If the indicator is off, the com-
puter takes the next sequential instruction.

Indicators. ac overflow, trap mode.
Timing: 1 cycle

Execution. See Figure 31.

TNO — Transfer on No Overflow

"] Y l

21314 17182021 35

-0140

Al 1

Description. If the ac overflow indicator is off, the
computer takes its next instruction from location Y.
If the indicator is on, it is turned off and the com-
puter takes the next sequential instruction.
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Address switch to
address register

TNO, TOV TQP

minus

TOV

Transfer

Execute next Sequential
instruction

Figure 31. Tov, TNO, and TQo Flow Chart

Indicators. ac overflow, trap mode.
Timing: 1 cycle
Execution. See Figure 31.

TQP — Transfer on MQ Plus

+0162 &T I Y ]

.1 11121314 1718201 35

Description. 1f the sign position of the mq is plus,
the computer takes its next instruction from location
Y. If the sign position is negative, the computer takes
the next sequential instruction.

Indicators. Trap mode.
Timing: 1 cycle

Execution. See Figure 31.

TQO — Transfer on MQ Overflow

T Y ]

2-1314 17 18-20 1 35

+0161

1 1

Description. This instruction is a conditional trans-
fer when the computer is operating in the 704 floating-
point mode. If the mq overflow indicator is on, the
computer takes its next instruction from location Y
and turns the indicator off.

Indicators. MQ overflow.
Timing: 1 cycle

Execution. If this instruction is executed while the
computer is in the normal mode, it is treated as a
l cycle no-operation whether the mq overflow indi-
cator is on or not.



TLQ — Transfer on Low MQ

+0040 |F 1] Y ]

TXI — Transfer with Index Incremented

5,1 11121314 17 18-20 21 35

Description. If the c(MQ) are algebraically less than
the c(ac), the computer takes its next instruction from
location Y. If the c(MQ) are algebraically greater than
or equal to the c(ac), the computer takes the next
sequential instruction. NOTE: a plus zero is algebra-
ically greater than a minus zero.

Indicators. Trap mode.
Timing: 2 cycles

Execution. See Figure 32.

TSX — Transfer and Set Index

[+ D | 7] Y il
S

23 17 18:20 21 35

Description. This instruction adds the decrement
(D) to the contents of the specified index register
(T) and replaces the contents of the index register
with the resulting sum. The computer then takes its
next instruction from location Y.

Indicators. Trap mode.
Timing: 2 cycles

Execution. See Figure 33.

TXH — Transfer on Index High

[ra D L 7] Y I

r +0074 1:.20| 7 - -J

5.1 n 35

Description. This instruction places the 2’s com-
plement of the core address of the Tsx(ic) in the
specified index register (T). The computer takes its
next instruction from location Y. NoTE: Subtracting
the 2's complement of a number is equivalent to add-
ing the number.

Indicators. Trap mode.
Timing: 2 cycles

Execution. See Figure 29.

Address switch to
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Y
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Figure 32. TLQ Flow Chart
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Description. If the number in the specified index
register (T) is greater than the decrement (D), the
computer takes its next instruction from location Y.
If the number in the specified index register is less
than or equal to D, the computer takes the next
sequential instruction.

Indicators. Trap mode.
Timing: 2 cycles

Execution. See Figure 34,
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Figure 33. Tx1 Flow Chart

Computer Instructions 39



Storage input bus (18~20)
to tag register

!

Address switch to
address register

!

Comp of XR to
adder (3-17) and
SR(3-17) toadders.
Carry to adder 17.

No Adder 3 Yes
Carry?

Other

TIX TNX

Difference to
index register

Y

Recomplement
index register.
Carry toadder 17.

Inst /lnsr.

TXH, TIX, TNX, TXL

TIX
TNX y TXH
>t Transfer
Controls
Do next sequential -
instruction
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TXL — Transfer on Index Low or Equal
3 D L 7] Y |
5723 17 1820 20 35

Description. 1f the contents of the index register
specified by T are less than or equal to the D portion,
the computer takes its next instruction from location
Y. If the contents of T are greater than D, the com-
puter takes the next sequential instruction.

Indicators. Trap mode.
Timing: 2 cycles

Execution. See Figure 34.

TIX — Transfer on Index

l+2 D [7] Y |
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Description. If the c(xr) specified by T are greater
than the c(p), the number in the index register is re-
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duced by D and the computer takes its next instruc-
tion from Y. If ¢(t) is less than or equal to D, the
¢(T) are unchanged and the computer takes the next
sequential instruction.

Indicators. Trap mode.
Timing: 2 cycles
Execution. See Figure 34.

TNX — Transfer on No Index

[-2 D | TL Y ]
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Description. If the c(xr) specified by T are equal to
or less than D, the ¢(T) are unchanged and the com-
puter takes its next instruction from Y. If C(T) are
greater than D, the ¢(r) are reduced by D and the
computer takes the next sequential instruction.

Indicators. Trap mode.
Timing: 2 cycles
Execution. See Figure 34.

PSE — Plus Sense

1112 17 18-20 21-22 23 35

| 0760
S, 1

Description. This instruction provides a means of
testing the status of the sense switches and of turning
on or off the sense lights on the operator’s console.
The instruction also permits the transmission of an
impulse to or from the exit or entry hubs on the
printer or card punch control panels. Address modifi-
cation may cause the operation code to be changed.

Indicators. Sense indicators and switches.

Timing: 2 cycles

Execution. The address part (28-85) of this in-
struction determines whether a light, switch, printer,
or card punch is being sensed. Further, it determines
which light, switch, or hub is sensed. The octal ad-
dresses for sense instructions are:

SLF
0140 Turns off all sense lights on the operator’s
console.
SLN
0141- 0144 Turn on sense lights 1, 2, 3 or 4, respectively,
on the console.
SWT
0161- 0166 Test sense switches on the console. If the

corresponding switch is down (on), the com-
puter skips the next instruction and proceeds
from there. If the sense switch is up (off),
the computer takes the next sequential in-
struction.



SPU
1341- 1342 (A)
9341- 2342 (B)
3341- 3342 (C)
4341- 4342 (D)
5341- 5342 (E)
6341- 6342 (F)
7341- 7342 (G)
10341-10842 (H)

An impulse will appear at the specified exit
hub of the card punch control panel attached
to appropriate data channel. Hubs are num-
bered 1 and 2.

SPT
1360 (A) If an impulse is present at the sense entry
2360 (B) hub of the printer control panel, the com-
3360 (C) puter skips the next instruction and pro-
4360 (D) ceeds from there. If no impulse is present,
5360 (E) the computer takes the next sequential in-
6360 (F) struction.
7360 (G)
10360 (H)

SPR

1861- 1372 (A)
2361- 2372 (B)
3361- 3372 (C)
4361- 4372 (D)
5361- 5372 (E)
6361- 6372 (F)
7361- 7372 (G)
10861-10872 (H)

The computer causes an impulse to appear
at the specified hub on the control panel of
the printer attached to that particular data
channel.

MSE — Minus Sense

l -0760 m 7

§,1 1112 17 18-20

3 35

Description. This instruction provides a means of
testing the status of the sense lights on the operator’s
console. The lights may be turned on by a psE instruc-
tion with an address of 0141 to 0144. Address modifi-
cation may cause the operation code to be changed.

Indicators. Sense lights.

Timing: 2 cycles

Execution. The addresses of the four sense lights arc
0141 to 0144. If the corresponding sense light is on,
the light is turned off and the computer skips the next
instruction and proceeds from there. If the light is
off, the computer executes the next sequential in-
struction.

BTT — Beginning of Tape Test

| e N LT ]

$1 12 17 18-20 21-22 23 35

Description. This instruction is used to test the
status of data channel beginning-of-tape indicators.
The channel whose indicator is to be tested is speci-
fied by the address portion (Y) of the BTT instruction.
Address modification may cause the operation code to
be changed. The addresses for the channels are:

Data channel A 1000
Data channel B 2000
Data channel C 3000
Data channel D 4000
Data channel E 5000
Data channel F 6000
Data channel G 7000
Data channel H 10000

Indicators. All beginning-of-tape indicators.

Timing: 2 cycles

Execution. If the beginning-of-tape indicator for
data channel Y is on, the computer takes the next
sequential instruction, and the indicator is turned off.
If the beginning-of-tape indicator is off, the computer
skips the next instruction and proceeds from there.
The beginning-of-tape indicator is turned on by a
backspace record or backspace file instruction given to
a tape unit that is positioned at its load point. See
Figure 35.

ETT — End of Tape Test

|S o0 m *

Description. This instruction is used to test the
status of data channel end-of-tape indicators. The
channel whose indicator is to be tested is specified by
the address portion of the ETT instruction. The ad-
dressing system is the same as specified for the BTT
instruction. Address modification may cause the oper-
ation code to be changed.

Indicators. End-of-tape indicators.
Timing: 2 cycles
Execution. If the end-of-tape indicator for data

channel Y is on, the computer takes the next sequen-
tial instruction and turns the indicator off. If the

BTT instruction ETT instruction

Channel address

A Y

BTT and channel ETT and channel
addresses addresses

BOT
Indicator
on?

EOT
Indicator
on?

No No

y

Skip-~advance
the instruction

counter

BTT ETT

Inst.

Y /

Turn off the Turn off the
BOT indicator EOT indicator

Figure 35. BTT and ETT Flow Chart
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indicator is off, the computer skips the next instruc-
tion and proceeds from there. The end-of-tape indi-
cator is turned on when either a write select or a write
end of file causes the end-of-tape marker to be passed
over. See Figure 35.

10T — Input-Output Check Test

o760 N\ TN 5

S, 1 1112 17 18-20 21-22 23 35

Description. If the 1-o check indicator is on, the
indicator is turned off and the computer takes the
next sequential instruction. If the indicator is off, the
computer skips the next instruction and proceeds
from there. Any address modification may result in
the changing of the operation itself.

Indicators. 1-0 check.

Timing: 2 cycles

Execution. The 1-0 check indicator will be turned
on by any of the following conditions:

1. If a write crT or drum select instruction is exe-
cuted and the computer is not in the select trap mode.

2. If copy, COPY AND ADD LOGICAL, Or LOCATE DRUM
ADDRESs are executed when the computer is not in the
copy trap mode.

3. If a RESET AND LOAD CHANNEL Or a LOAD CHAN-
NEL is executed and the specified channel is not se-
lected.

4. If, when writing, a channel data register has not
been loaded with a word from storage by the time its
contents are to be sent to the output unit.

5. 1f, when reading, a channel data register has not
stored its contents by the time new data are to be
sent from an input unit.

PBT — P-Bit Test

No m Yes

LBT
No AC(35) Yes
DCY
On
Turn off Div.
indicator check ind,

'Y 4 y y
Do next Advance instruction
sequential | counter to skip the
instruction next sequential

instruction

Figure 36. pBT, LBT, and pct Flow Chart

LBT — Low-Order Bit Test

L ] +0760 _ P ];I

Description. If the c(ac)ys is a 1, the computer skips
the next instruction and proceeds from there. If 35
is a 0, the computer takes the next sequential instruc-
tion. Address modification may result in the changing
of the instruction.

Indicators. None.
Timing: 2 cycles

Execution. See Figure 36.

DCT — Divide Check Test

A TN 12

| +0760

| -0760

S,1 n

17 18-20 21-22 23

Description. If the ¢ (AC) p is a 1, the computer skips
the next instruction and proceeds from there. If P
contains a 0, the computer takes the next sequential
instruction. Address modification may result in the
changing of the instruction itself.

Indicators. None.
Timing: 2 cycles

Execution. See Figure 36.
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S, 1 1112 17 18-20 21-22 23 35

Description. 1f the indicator is on, it is turned off
and the computer takes the next sequential instruc-
tion. If the indicator is off, the computer skips the
next instruction and proceeds from there. Address
modification may result in the changing of the in-
struction itself.

Indicators. Divide check.
Timing: 2 cycles

Execution. See Figure 36.



ZET — Storage Zero Test

ros0 [FE1] Y

1 11 12-1314 171820 21 35

Description. If the ¢(Y),.5 are 0, the computer skips
the next instruction and proceeds from there. If the
C(Y);.35 are not zero, the computer takes the next
sequential instruction. The c(y) are not changed.

Indicators. None.
Timing: 2 cycles

Execution. See Figure 37.

NZT — Storage not Zero Test

0520 F& 1] Y ]
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Description. 1f the ¢(Y), 45 are not 0, the computer
skips the next instruction and proceeds from there. If
the ¢(Y),.55 are 0, the computer takes the next sequen-
tial instruction. The ¢(v) are unchanged.

Indicators. None.
Timing: 2 cycles

Execution. See Figure 37.

CAS — Compare Accumulator with Storage

Py

11 121374 17 18-20 21 35

+0340

Description. 1f the c(ac) are algebraically greater
than the ¢(v), the computer takes the next sequential
instruction. If the c(ac) are algebraically equal to the
¢(y), the computer skips the next instruction and pro-
ceeds from there. If the ¢(ac) are algebraically less

Test
SR(1-35)

#0

test
SR(1-35)

Advance instruction
counter to skip next
sequential instruction

Y

Do next sequential
instruction

Figure 37. Nzt and zer Flow Chart

than the c(y) the computer skips the next two instruc-
tions and proceeds from there.

Indicators. None.
Timing: 3 cycles

Execution. NoTe: Two numbers are considered
algebraically equal if the magnitudes and signs of
both are equal. A plus zero is algebraically greater
than a minus zero.

LAS — Logical Compare Accumulator with Storage

wo EL v ]

1 11 121314 17182021

Description. The ¢(AC)qp .35 are treated as an un-
signed 37-bit number and are compared with the
¢(Y)s,1-3s which are treated as an unsigned 36-bit
quantity. If the c(AC)qp ;.35 are greater than the c(y),
the computer takes the next sequential instruction. If
the ¢(AC)qp:.35 are equal to the ¢(y), the computer
skips the next instruction and proceeds from there. If
the C(AC)qp,:.35 are less than the ¢(y), the computer
skips the next two instructions and proceeds from
there.

Indicators. None.
Timing: 3 cycles

FOR THE FOLLOWING control operations that refer to
data channels, the description of the operation is given
for channel A. For the other channels, the operation
code and the title are given.

TCOA — Transfer on Channel A in Operation

+00e0  [FN\Y ] Y
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Description. If channel A is in operation, the com-
puter takes its next instruction from location Y. If
the channel is not in operation, the computer takes
the next sequential instruction, and the operation of
the channel is not affected. The channel is in opera-
tion as long as a select register contains information.

Indicators. Trap.
Timing: 2 cycles

INSTRUCTION CODE NAME

TCOB +0061 Transfer on Channel B in Operation
TCOC +0062 Transfer on Channel C in Operation
TCOD 40063 Transfer on Channel D in Operation
TCOE +0064 Transfer on Channel E in Operation
TCOF +0065 Transfer on Channel F in Operation
TCOG 40066 Transfer on Channel G in Operation
TCOH 40067 Transfer on Channel H in Operation
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TCNA — Transfer on Channel A not in Operation

- 0060 F &T | Y
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Description. 1f channel A is not in operation, the
computer takes its next instruction from location Y.
If the channel is in operation, the computer takes
the next sequential instruction, and the operation of
the channel is not affected.

Indicators. Trap.
Timing: 2 cycles.

INSTRUCTION  CODE NAME
TCNB —0061 Transfer on Channel B not in Operation
TCNC —0062 Transfer on Channel C not in Operation
TCND —0063 Transfer on Channel D not in Operation
TCNE —0064 Transfer on Channel E not in Operation
TCNF —0065 Transfer on Channel F not in Operation
TCNG —0066 Transfer on Channel G not in Operation
TCNH  —0067 Transfer on Channel H not in Operation

TRCA — Transfer on Channel A Redundancy Check

TG
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Description. If the tape check indicator for channel
A is on, it is turned off and the computer takes its
next instruction from location Y. If the indicator is
off, the next sequential instruction is taken.

Indicators. Tape Check, Trap.
Timing: 2 cycles.

INSTRUCTION CODE NAME

TRCB —0022 Transfer on Channel B Redundancy Check
TRCC +0024 Transfer on Channel C Redundancy Check
TRCD  —0024 Transfer on Channel D Redundancy Check
TRCE +0026 Transfer on Channel E Redundancy Check
TRCF —0026 Transfer on Channel F Redundancy Check
TRCG +0027 Transfer on Channel G Redundancy Check
TRCH —0027 Transfer on Channel H Redundancy Check

TEFA — Transfer on Channel A End of File

voop [F 7] Y
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Description. If the end-of-file indicator for channel
A is on, it is turned off and the computer takes its
next instruction from location Y. If the indicator is
off, the computer takes the next sequential instruc-

tion.
Indicators. End-of-file, Trap.

Timing: 2 cycles.
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INSTRUCTION CODE NAME

TEFB —0030 Transfer on Channel B End of File
TEFC +0031 Transfer on Channel C End of File
TEFD —0031 Transfer on Channel D End of File
TEFE 40032 Transfer on Channel E End of File
TEFF —0032 Transfer on Channel F End of File
TEFG +0033 Transfer on Channel G End of File
TEFH —0033 Transfer on Channel H End of File

TCH — Transfer in Channel

I QA Y ]
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Description. This command is the transfer com-
mand for all data channels.

Indicators. None.
Timing: 2 cycles

Execution. When a TcH command is executed, the
data channel proceeds immediately to its next com-
mand which is taken from location Y. The location
register is set to Y + 1. The command located at Y is
then loaded into the data channel.

Index Transmission Operations

This section of operations deals with the loading and
storing of the contents of index registers.

The operations always involve one or more index
registers and either the address or decrement field of
some location in storage or the accumulator register.
The following 15-bit fields may serve as one of the
agents in an index transmission operation: the ad-
dress or decrement of the accumulator, the address or
decrement of any location in storage, or the address
part of the index transmission instruction itself. In
addition, the number to be loaded may be placed in
the specified index register in either true or comple-
ment form.

Single registers or any combination of index regis-
ters may be specified. If more than one register is
specified in an unloading operation, their contents
are “or’ed” together to produce the effective number.
OR’ing matches the registers position-for-position. If
there is a bit in either or both of the registers, the
result is a bit. For example:

XRA 101100
xrB 011000

111100

Result



If more than one index register is specified in a load-
ing operation, the data are loaded into all registers
specified.

LXA — Load Index from Address

IS.I +0534 H l:&ol 2 Y 35]

Description. The ¢(y), .45 replace the contents of
the specified index register. The ¢(y) are unchanged

Indicators. None.
Timing: 2 cycles.

Execution. See Figure 38.

LAC — Load Complement of Address in Index

| #0535 N\ T | Y ]
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Description. The 2’s complement of the c(¥),.55 re-
places the contents of the specified index register. The
G(Y) are unchanged.

Indicators. None.
Timing: 2 cycles.
Execution. See Figure 38.
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y
Next instruction

]
Figure 38. LxA, LAc, LxD, and Lpoc Flow Chart

LXD — Load Index from Decrement
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Description. The c(Y),.1; replace the contents of the
specified index register. The ¢(Y) are unchanged.

Indicators. None.
Timing: 2 cycles.
Execution. See Figure 38.

LDC — Load Complement of Decrement in Index
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Description. The 2's complement of the ¢(Y);.,; re-
places the contents of the specified index register. The
¢(Y) are unchanged.

Indicators. None.
Timing: 2 cycles.
Execution. See Figure 38,

AXT — Address to Index True

[om O
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Description. Positions 21-35 of this instruction re-
place the contents of the specified index register. The
instruction is unchanged.

Indicators. None.
Timing: 1 cycle
Execution. See Figure 39.
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tag register
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Figure 39. aAxT and axc Flow Chart
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AXC — Address to Index Complemented

[ -o774 1| Y

S 1 112 17 1820 20

]

Description. The 2's complement of positions 21-85
of this instruction replaces the contents of the speci-
fied index register. The instruction is unchanged.

Indicators. None.
Timing: 1 cycle
Execution. See Figure 39.

PAX — Place Address in Index

Description. The ¢(AC),, 55 replace the contents of
the specified index register. The c(ac) are unchanged.

n

Indicators. None.
Timing: 1 cycle
Execution. See Figure 40.

PAC — Place Complement of Address in Index

L

Description. The 2's complement of the C(AC);.s5
replaces the contents of the specified index register.
The c(ac) are unchanged.

[ o737
S 1

SB (18-20) to
tag register

AC (5,1-35) to
storage register

PAX, PAC ‘ PDX, PDC

SR (18-35) to SR (1-35) to
adder (P-17) adder (1-35)
L ‘ T
Adder (3-17) to
index register
PAC, PDC
PAX Index register to adders
PDX

with a carry to adder 17

)

Adder (3-17) to index
register

Next instruction

Figure 40. PAX, PAC, PDX, and ppc Flow Chart
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Indicators. None.
Timing: 1 cycle
Execution. See Figure 40.

PDX — Place Decrement in Index

Description. The c(ac);.,, replace the contents of
the specified index register. The c(ac) are unchanged.

Indicators. None.
Timing: 1 cycle
Execution. See Figure 40.

PDC — Place Complement of Decrement in Index

L . -0737 I

1 35

Description. The 2's complement of the c(AC);.,,
replaces the contents of the specified index register.
The c(ac) are unchanged.

Indicators. None.
Timing: 1 cycle
Execution. See Figure 40.

SXA — Store Index in Address

[ N\\\I7] Y |
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Description. The ¢(Y),y45; are replaced by the con-
tents of the specified index register. The ¢(¥)s ,.,, are
unchanged. With a tag of 0, ¢(Y),,_;5 are replaced with
Z€ros.

Indicators. None.

Timing: 2 cycles.

Execution. See Figure 41.

SXD — Store Index in Decrement

[ e N\\\IT] Y |

$, 1112 17 1820 21 35

Description. The c(Y);,, are replaced by the con-
tents of the specified index register. The ¢(¥)s, 2 15-55
are unchanged. With a tag of 0, decrement is re-
placed with zeros.
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Figure 41. sxa and sxp Flow Chart

Indicators. None.
Timing: 2 cycles.
Execution. See Figure 41.

PXA — Place Index in Address

n 21 35

| +0754
S

Description. The entire accumulator is cleared and
the contents of the specified index register are placed
in the address part of the ac,, 4;. With a tag of 0 the
C(AC) are set to zcros. XR is unchanged.

Indicators. None.
Timing: 1 cycle.
Execution. See Figure 42.

PXD — Place Index in Decrement

-

n 21 35

| -0754
s

Description. The entire accumulator is cleared and
the contents of the specified index register are placed
in the decrement part of the ac;_,,. With a tag of 0,
the ¢ (ac) are set to zeros. XRr is unchanged.

Indicators. None.

Timing: 1 cycle.

Execution. See Figure 42.

rAdder (Q-35) to AC *

AS to SR (21-35) and
SR (S-35) to adder (P-35)

!

r Adder (Q-35) to AC

Figure 42. pxp and pxa Flow Chart

Logical Operations

Logical instructions operate on a 36-bit word. The
sign position is simply another bit position. The ex-
ception to this is when the P position is used instead
of the sign position. Logical instructions are fre-
quently used in a process called masking. This is the
process of extracting one or more small parts of a
word from the whole word.

The anp and or concept is used with logical opera-
tions. When two numbers are combined by an Anp,
they are matched bit-for-bit. If the same position in
each word contains a 1, the result is a 1. If in one
word the position is 0 and in the other word it is a I,
the result is a 0. If the same position in both words is
a zero, the result is a 0. The following is an example
of a logical AND operation:

101101011011
101001001101

101001001001 Resulting AND
An or function (sometimes called “inclusive or”)

also matches two numbers bit-for-bit. The difference,
however, when compared with an anp, is: (1) if the
same position in either word contains a 1, the result is
a 1; (2) if the same position in both words is a 1, the
result is again a 1; (8) only if the same position in
both words is a 0, is the resulting position a 0. For
example:

011010110101

001100100100

011110110101 Resulting inclusive or
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One other function of the logical operations is an
exclusive or. In this operation, only those positions
which do not match result in a 1. If the same position
in each word is a zero or if the same position in each
word is a 1, the result is a zero. If the same position
in one word is a 1 and in the other a 0, then the
result is a 1. For example:

101101100101
001011001101

100110101000 Resulting exclusive or

ORA — OR to Accumulator

- 0501 FY 7] v ]
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Description. Each bit of the ¢(Y)g ;.55 is matched
with the corresponding bit of the C(AC)p 1.35. C(Y)g 18
matched with ¢(ac)p.

Indicators. None.
Timing: 2 cycles

Execution. When the corresponding bit of either
location Y or the ac (or both) is a 1, a 1 replaces the
contents of that position in the ac. When the cor-
responding bits of both location Y and the ac are 0s,
a 0 replaces the contents of that position of the ac.
The ¢(y) and the S and Q positions of the Ac are un-
changed. See Figure 43.

Storage Bus to
Storage Register

AC (P,1-35) to
Storage Register,
and at Same Time

SR to SR
SR (S,1-35) to
Adder (P, 1-35

Adder (Q-35) to AC

Figure 43. ora Flow Chart

ORS — OR to Storage

P Y |

T 121314 17 1820 21 35

- 0602

Description. Each bit of the c(ac)p, ;; is matched
with the corresponding bit of the ¢(Y)g .55 C(AC)p
being matched with c(Y)s.

Indicators. None.
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Timing: 2 cycles

Execution. When the corresponding bit of either the
Ac or location Y (or both) is a 1, a 1 replaces the
contents of that position in location Y. When the
corresponding bits of both the ac and location Y are
0’s, a 0 replaces the contents of that position in loca-
tion Y. The c(ac) are unchanged. See Figure 44.

AC(P-35) to
Storage Bus
v

Storage Bus to
Cly)

C(Y) to
Storage Bus

Figure 44. ors Flow Chart

ANA — AND to Accumulator
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Description. Each bit of the c(Y)s,.;5 is matched
with the corresponding bit of the C(AC)p 1.35. C(Y)g is
matched with c(Ac)p.

Indicators. None.
Timing: 3 cycles

Execution. When the corresponding bits of both
location Y and the ac are 1’s, a 1 replaces the con-
tents of that position in the ac. When the correspond-
ing bit of either location Y or the ac, or both, is a 0,
a 0 replaces the contents of that position in the ac.
The S and Q positions of the ac are cleared. The c(y)
are unchanged. See Figure 45.

ANS — AND to Storage

[FET] Y |

11 1211314 17.18-:2021 35

+0320

Description. Each bit of the c(ac)p,.5; is matched
with the corresponding bit of the c(Y)s;.35 C(AC)p
being matched with c(y)s.

Indicators. None.

Timing: 4 cycles

Execution. When the corresponding bits of both
the ac and location Y are 1’s, a 1 replaces the contents
of that position in location Y. When the correspond-
ing bit of either the aAc or location Y, or both, is a 0,

a 0 replaces the contents of that position in location
Y. The c(Ac) are unchanged. See Figure 45.



ANA, ANS 0 ERA

4 Y
| Complement accumulator J | Contents of Y to SR 1

THE FOLLOWING logical operations affect the contents
of the accumulator only.

COM — Complement Magnitude

rConfenrs of Y to SR J Add AC to SR and put
results in the AC

| ]

Exchange SR and AC ]

S

SR to AC. At the same time
"OR" AC and SR into the SR.

4
[ Complement AC ] \
¢ l Complement AC J
SR to AC. At the same time ¢
gate SR to SR and AC to SR
("AND" complement in SR) { Exchange SR and AC J

{

Y
Shift AC left 1 pl
[ Exchange the SR and AC I | ' N place I
J Add SR and AC in the adders
[ Complement AC 1 and place the result in the
AC

ANA 0 ANS
7

! Exchange AC and SR |

Y
[ SR to location Y J
Y

l Comp accumulator ]

lComplefe J

Figure 45. ANA, ANs, and ERA Flow Chart

ERA — Exclusive OR to Accumulator

TTENG .

51 11 121314

17 18-:20 21 35

Description. Each bit of the c(y)s,.,s is matched
with the corresponding bit of the c(AC)p ;.55 C(Y)s
being matched with C(AC)p.

Indicators. None.
Timing: 3 cycles

Execution. When the corresponding position of the
Ac matches the position in location Y, a 0 replaces
the contents of that position in the ac. When the
corresponding position of the ac does not match the
position in location Y, a 1 replaces the contents of
that position in the ac. Positions S and Q of the ac
are cleared. The c(y) are unchanged. See Figure 45.

El +0760 ” 74 : gl

Description. All 1's are replaced by 0’s and all 0’s
are replaced by I’s in the ¢(AC)qp:.55. The C(AC)s is
unchanged. Address modification may change the in-
struction itself.

Indicators. None.
Timing: 2 cycles

Execution. See Figure 46.

rDecode instruction —'

CLM 0

COM
Y
Comp AC (Q-35)
to adder (Q-35)

Adder (Q-35) to
AC (Q-35)

Figure 46. cLm and com Flow Chart

CLM — Clear Magnitude

T 3
Description. The ¢(AC)qp 145 are cleared. The

¢(AC)s are unchanged. Address modification by an in-
dex register may change the operation itself.

Indicators. None.
Timing: 2 cycles

Execution. See Figure 46.

CHS — Change Sign

L l +0760 ” 7] 235

Description. If ac sign is plus, it is made negative.
If it is negative, it is made plus. Address modification
by an index register may change the operation itself.
C (AC) g p,1.55 are unchanged.

Indicators. None.
Timing: 2 cycles

Execution. See Figure 47.
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y

—B>
Set AC

sign minus

Set AC
sign plus

Figure 47. cns Flow Chart

SSP — Set Sign Plus

[ T :

n 18-20 2

Description. The sign of the ac is set to plus (0).
Address modification by an index register may result
in changing the operation itself.

Indicators. None.
Timing: 2 cycles

Execution. See Figure 48.

SSM — Set Sign Minus

LT -0760 ”24 3351

Description. The sign of the ac is set to minus (1).
Address modification may result in changing the op-
eration itself.

Indicators. None
Timing: 2 cycles

Execution. See Figure 48.

LDecode the instruction

Ssp SSM

Set AC
sign minus

Figure 48. ssm and ssp Flow Chart

Set AC

sign plus

Sense Indicator Operations

The following 24 instructions make reference to the
36-bit sense indicator (s1) register. The 36 bits of the
st may be thought of as switches which may be turned
on or off and tested either singly or in groups by the
program.
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The contents of the si register are manipulated
through the use of a mask. The mask is a bit pattern
comprised of 1's and 0’s which may appear in an
instruction, the AC, or any storage location. All masks
for s1 operations are used in the same way; that is,
each position in the mask is compared with the cor-
responding position in the sr register. For the posi-
tions in the mask which contain a 1, the correspond-
ing position in the s1 is either modified or tested de-
pending upon the s1 operation used. For the zero bits
in the mask, the corresponding positions of the si
are not affected.

Four of the sense indicator operations are concerned
with the transmission of full 36-bit words between the
st and either the Ac or core storage. The remaining 20
operations are used to test or modify the ¢(s1). These
20 operations may be classified by the following five
functions:

1. Set or Logical OR. These operations replace
with a I, the contents of each si position selected by
the mask.

2. Reset. These operations replace with a 0 the
contents of each sr1 position selected by the mask.

3. Invert. These operations replace the contents of
each st position selected by the mask with its comple-
ment; i.e., 1's are replaced by 0’s and 0's are replaced
by 1’s.

4. On Test. These operations examine the contents
of each st position selected by the mask. If all ex-
amined positions contain a 1, the calculator will
either transfer to a location Y or skip the next instruc-
tion, depending upon the testing operation used.

5. Off Test. These operations examine the contents
of each sr1 position selected by the mask. If all exam-
ined positions contain a 0, the calculator either trans-
fers to location Y or skips the next instruction, de-
pending upon the testing operation used.

PAl — Place Accumulator in Indicators

AL

1z 35

| +0044
S0

Description. The ¢ (AC)p .55 replace the C(SI) .35
The ¢ (ac) are unchanged.

Indicators. None.
Timing: 1 cycle.

Execution. See Figure 49.



Ijecode the instruction y

[

PAI ¢ PIA ¢ A LDI l STI l

AC(P,1-35) S1(0-35) to Stor. Bus to S1(0-35) to

to SI{0-35) AC(P,1-35) storage reg SR(S,1-35)
Reset AC SR(S,1-35) Stg.reg.to
(S and Q) to S1{0-35) stg.bus

Figure 49. paI1, p1a, o1, and st1 Flow Chart

PIA — Place Indicators in Accumulator

Description.  The ¢(s1),-35 replace the ¢(AC)p .35

Positions S and Q of the ac are cleared. The ¢(s1)
are unchanged.

Indicators. None.
Timing: 1 cycle.

Execution. See Figure 49.

LDl — Load Indicators

o [FRA\T] Y

S.1 11 121314 17 18-20 21 35

Description. The ¢(Y)s ;.55 replace the ¢(s1).5;. The
¢(y) are unchanged.

Indicators. None,
Timing: 2 cycles

Execution. See Figure 49.

STl — Store Indicators

o [P v

1 11 121314 171820 21 35

Description. The c(s1),.45 replace the ¢(Y)s ;.55 The
¢(s1) are unchanged.

Indicators. None.
Timing: 2 cycles

Execution. See Figure 49.

OAIl — OR Accumulator to Indicators

n 3

| +0043
s

el

Description. Each bit of the c(ac)p,.; is matched
with the corresponding bit of the c¢(s1),.5;. The c(ac)
are unchanged. When the corresponding bit of either

(or both) the ac or s1is a 1, a 1 replaces the contents
of that position in the s1. When the corresponding
bit of both the ac and s1is a 0, a 0 replaces the con-
tents of that position of the sI.

Indicators. None.
Timing: 1 cycle.

Execution. See Figure 50.

Decode
instruction

OAl Y osl

AC(P,1-35) and S1(0-35) and
S1(0-35) to storage location Y to
bus storage bus

L |
Y

Storage bus to storage
register; storage register
to 51(0-35)

Figure 50. oar and ost Flow Chart

OSI — OR Storage to Indicators

| o PR 7] Y

S 11 121314 17 18-20 21 35

Description. Each bit of the ¢(Y)g ;.55 is matched
with the corresponding bit of the c(s1),.5. The ¢(Y)
are unchanged. When the corresponding bit of either
location Y or s1 (or both) is a 1, a 1 replaces the con-
tents of that position of the st. When the correspond-
ing bit of both Y and s1is a 0, a 0 replaces the contents
of that position in the s1.

Indicators. None.
Timing: 2 cycles

Execution. See Figure 50.

SIL — Set Indicators of Left Half

[ ws T

S 1112 1

R |

35

Description. Each bit in positions 18-35 (R) of this
instruction is matched with the corresponding bit of
the ¢(s1)y.,;. The ¢(s1),5.55 and R are unchanged. When
the corresponding bit of either (or both) R or the
st is a 1, a 1 replaces the contents of that position in
the s1. When the corresponding bit of both the R and
the s1 is a 0, a 0 replaces the contents of that position
in the si1.

Indicators. None.
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Timing: 1 cycle.

Execution. See Figure 51.

SIR — Set Indicators of Right Half

L w55 N\ R l

S, nia2 17 18 35

Description. Each bit in positions 18-85 (R) of this
instruction is matched with the corresponding bit of
the ¢(s1),4.5;. The ¢(s1),_;, and R are unchanged. When
the corresponding bit of either (or both) R or the st
is a1, a 1 replaces the contents of that position in the
s1. When the corresponding bit of both the R and
st is a 0, a 0 replaces the contents of that position in
the sr.

Indicators. None.
Timing: 1 cycle.

Execution. See Figure 52.

RIA — Reset Indicators from Accumulator

L

2 35

| -0042
S

Description. Each bit of the c(ac)p ., resets to 0
the corresponding bit of the ¢(s1),.5;. The c(AG) are
unchanged.

Indicators. None.

Timing: 1 cycle.

Execution. When the bit in the ac is a 1, a 0 re-
places the contents of that position in the si. When
the bit in the ac is a 0, the contents of that position
in the st are unchanged. This is accomplished by tak-
ing the contents of the accumulator, bit for bit, and
feeding it into a resct input ol the sense register. This
input will accept only a “1” pulse which turns that
position off (0 condition).

| SR (18-35) to adders(P-17) ‘

Y
Adders(P-35)to SR (5-35)

SR (18-35) to adders (18-35) -l

Y

SR (18-35) is now in SR(S~17)

Adders to SR--left half of
and SR (18-35) is cleared e o et hatto

SR is now clear

Y

ﬁCombine SR (18-35) and
S1(18-35) into Sl (18-35)

Set SI (0-17) for the bit in
corresponding SR (5-17)

Figure 51. siL Flow Chart Figure 52. sik Flow Chart
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RIS — Reset Indicators from Storage

e I v

11 121314 17 18-20 21 35

Description. Each bit of the ¢(¥)s ;.55 resets to 0 the
corresponding bit of the c(s1),.5;. The c(y) are un-
changed.

Indicators. None.

Timing: 2 cycles

Execution. When the bit in location Yisa 1, a 0
replaces the contents of that position in the s.. When
the bit in location Y is a 0, the contents of that posi-
tion in the st are unchanged. The operation is identi-
cal to that of rR1a except that the contents of a storage
location, instead of the accumulator, are used to reset
the indicators.

RIL — Reset Indicators of Left Half

A\ R ]

3
2 17 18 35

l -0057
S

1

Description. Each bit in positions 18-35 (R) of this
instruction resets to 0 the corresponding bit of the
C(S1)g.17- The G(s1)45.5; and R are unchanged.

Indicators. None.

Timing: 1 cycle.

Execution. When the bit in Risa 1, a 0 replaces
the contents of that position in the si.. When the bit
in R is a 0, the contents of that position in the s1 are
unchanged. The operation is identical to that of r1a
except that positions 18-85 of the rIL instruction are
used to reset positions 0-17 of the sense indicators.

RIR — Reset Indicators of Right Half

—h —

s

I +0057
S

H

Description. Fach bit in positions 18-85 (R) of
this instruction resets to 0 the corresponding bit of
the ¢(s1),4.55. The c(s1),.,; and R are unchanged.

Indicators. None.

Timing: 1 cycle.

Execution. When the bit in R is a 1, a 0 replaces
the contents of that position in the s1. When the bit
in R is a 0, the contents of that position in the s are
unchanged. The operation is identical to that of ria

except that positions 18-35 of the rIR instruction are
used to reset positions 18-35 of the sense indicators.



I1A — Invert Indicators from Accumulator

35"

| +o04)
S

1

Description. Each bit of the c(aC)p ;.55 is matched
with the corresponding bit of the ¢(s1),.;;. When the
bit in the ac is a 1, the contents of that position in
the s1 are complemented. When the bit in the ac is a
0, the contents of that position in the s1 are un-
changed. The c(ac) are unchanged.

Indicators. None.

Timing: 1 cycle.

Execution. Sense indicator positions may have ‘“bi-
nary input.” When this input is used, a “1” pulse fed
to the position will reverse its status. For example,
if the position holds a 0 and a 1 is fed to it, the posi-
tion will reverse to a 1 status. Likewise, if the position
holds a 1 and a 1 is fed to it, it will flip to a zero
status. Zeros fed to the binary input do not affect the
position. For the 1A instruction, the ¢(AC)p,.;; are
fed to the binary inputs of the s1(0-35).

IS — Invert Indicators from Storage

P Y |

11121314 1718-20 21 35

+0440

Description. Each bit of the ¢(¥)g;.5s is matched
with the corresponding bit in the ¢(s1),.;;. When the
bit in the location Y is a I, the contents of that posi-
tion in the s1 are complemented. When the bit in lo-
cation Y is a zero, the contents of that position in the
st are unchanged. The c(y) are unchanged.

Indicators. None.

Timing: 2 cycles

Execution. The same procedure as 11a except that
the contents of storage location Y, instead of the con-
tents of the accumulator, are used to reset the sense
indicators.

IIL — Invert Indicators of Left Half

o I

| -0051
S

[

Description. Each bit of positions 18-35 (R) of this
instruction is matched with the corresponding bit of
the ¢(s1)o.,;- The C(s1)45.55 and R are unchanged. When
the bit in R is a 1, the contents of that position in the
st are complemented. If the bit in R is a zero, the con-
tents of that position in the s1 are unchanged.

Indicators. None.

Timing: 1 cycle.

Execution. The same as 11a except that 18-35 of
this instruction is used in resetting positions 0-17 of
the sense indicators.

IR — Invert Indicators of Right Half

| +0051 N\ R ﬂ'!]

S 112 17 18

Description. Each bit of positions 18-35 (R) of this
instruction is matched with the corresponding bit of
the c(s1);5.35,. The ¢(s1)o.,; and R are unchanged.
When the bit in R is a 1, the contents of that position
in the s1 arc complemented. When the bit in R is
a zero, the contents of that position in the s1 are un-
changed.

Indicators. None.

Timing: 1 cycle.

Execution. The same as 1n1a except that 18-35 of the
IR are used to reset positions 18-35 of the sense indi-
cators.

TIO — Transfer when Indicators On

PRl Y |

11 121314 17.18-20 21 35

l +0042
S

Description. For each bit in the G(AC)p ;.55 that is a
I, the corresponding position of the c(s1),.;5 is exam-
ined. If all the examined positions in the s1 contain
a 1, the computer takes its next instruction from lo-
cation Y. If any of the examined positions is not a 1,
the computer takes the next sequential instruction.
The c(ac) and c(s1) are unchanged.

Indicators. Trap mode.
Timing: 2 cycles
Execution. See Figure 53.

TIF — Transfer when Indicators Off

| wome [FL 1] Y

S 11121314 17 18-20 21 35

Description. For each bit of the ¢(AC)p ;. 4; that is 2
1, the corresponding position of the c(s1)y 35 is exam-
ined. If all examined positions contain 0’s, the com-
puter takes its next instruction from location Y. If
any of the examined positions does not contain a 0,
the computer takes the next sequential instruction.
The c(ac) and c¢(s1) are unchanged.

Indicators. Trap mode.

Timing: 2 cycles

Execution. See Figure 53.
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Complement AC

TIF

OR indicators with
with comp. AC

L

OR complement of
indicators with comp. AC

Result of OR to
storage register

i

Re-comp. AC

Add "I" to OR'ed
result, stg.reg to
adders

L Transfer [ Next instruction J

Figure 53. 110 and T11F Flow Chart

ONT — On Test for Indicators

S.1 11 12:1314 17.18-20 21 35

Description. For each bit in the c(y)s,;; that is a
1, the corresponding position of the ¢ (s1) o_55 is exam-
ined. If all the examined positions in the s1 contain
a 1, the computer skips the next instruction and pro-
ceeds from there. If any of the examined positions do
not contain 1’s, the computer takes the next sequen-
tial instruction. The ¢(Y) and c(s1) are unchanged.

Indicators. None,
Timing: 4 cycles

Execution. See Figure 54.

OFT — Off Test for Indicators

L] Y |

11 1211314 17 18-20 21 35

+ 0444

Description. For each bit of the c(y)s ;.55 that is a 1,
the corresponding position of the c¢(s1),_;5 is examined.
If all the examined positions contain 0’s, the computer
skips the next instruction and proceeds from there.
If any of the examined positions does not contain a 0,
the computer takes the next sequential instruction.
The ¢(v) and ¢(s1) are unchanged.
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Test word to SR;
Exchange AC &SR

Comp. test word in
accumulator

Exchange AC & SR

/

OR comp.indicators
to storage register

OR indicators
to sterage reg.

f

Add "1" to OR'ed result.
Storage reg. to adders

=0
(
Increase the Next
instruction ctr. instruction
Figure 54. oNT and oFT Flow Chart
Indicators. None.
Timing: 4 cycles
Execution. See Figure 54.
LNT — Left Half Indicators on Test
N
‘S 1] -0056 n 18 R 35|

Description. For each bit in positions 18-35 (R) of
this instruction that is a one, the corresponding posi-
tion of the c¢(s1),.,, is examined. The c¢(s1) and R are
unchanged. If all the examined positions contain a 1,
the computer skips the next instruction and proceeds
from there. If any of the examined positions does not
contain a 1, the computer takes the next sequential
instruction.

Indicators. None.

Timing: 3 cycles

RNT — Right Half Indicators on Test

N\ R |

712 V7 18 35

| +0056
S

Description. For each bit in positions 18-35 (R)
of this instruction that is a 1, the corresponding posi-



tion of the ¢(s1)5.55 is examined. The ¢(s1) and R are
unchanged. If all the examined positions contain a 1,
the computer skips the next instruction and proceeds
from there. If any of the examined positions does not
contain a 1, the computer takes the next sequential
instruction.

Indicators. None.

Timing: 3 cycles

LFT — Left Half Indicators Off Test

-0054 NN\

S
s 112 17 18 35

Description. For each bit in positions 18-35 (R) of
this instruction that is a 1, the corresponding position
of the c¢(s1),.,, is examined. The ¢(s1) and R are un-
changed. If all the examined positions contain a 0,
the computer skips the next instruction and proceeds
from there. If any of the examined positions does not
contain a zero, the computer takes the next sequen-
tial instruction.

Indicators. None.

Timing: 3 cycles

RFT — Right Half Indicators Off Test

— EEaaaa—

35

I +0054

S 1 n

Description. For each bit in positions 18-35 (R)
of this instruction that is a one, the corresponding
position of c(s1),5.55 is examined. If all the examined
positions contain a zero, the computer skips the next
instruction and proceeds from there. If any of the ex-
amined positions does not contain a zero, the com-
puter takes the next sequential instruction. The c(s1)
and R are unchanged.

Indicators. None.

Timing: 3 cycles

Convert Instructions

The convert operations enable a program to have very
rapid access to information stored in tables in core
storage. A single convert instruction can perform a
series of table look-up operations by making multiple
references to core storage. Three such convert opera-
tions are available in the computer.

To illustrate the method of execution of these con-
vert instructions, the following section describes the

CONVERT BY REPLACEMENT FROM THE MQ (CRQ) in-
struction. The following two definitions will apply
throughout this description:

Argument—The known reference factor necessary to
find a desired item in a table.

Function—The unknown factor in a table associated
with a known reference factor (argument).

The contents of the MqQ are interpreted as six 6-bit
quantities. Each of these quantities may be consid-
ered as a 6-bit binary integer and will be designated

as L1, L2, ... , L6 (Figure 55) .
MQ Register
I L L2 L3 L4 L5 | L6
S 56 1112 17 18 23 24 29 30 35

Figure 55. MQ Register

The number, Y1, contained in the address part of
the crq instruction is interpreted by the instruction
as the address of the first location (origin) of a table
in core storage. The format of a typical table is shown
in Figure 56. The 6-bit binary integer, LI, is taken
as the first argument and the address Y1 + LI is
formed. The instruction then looks up the word lo-
cated at Y1 + L1. The left-most six bits of this word,
positions S, 1-5, are taken as the desired function V1.
This 6-bit number, V1, then replaces the number L1
in the MQ. The right-most 15 bits of this word, posi-
tions 21-85, are interpreted as an address, Y2, specify-
ing the origin of a second table in core storage. The
number L2 is then taken as the second argument and
a reference to the second table is made at location
Y2 + L2. The contents of Y2 + L2, positions S, 1-5,
make up the second function, V2, and replace L2 in
the mqQ. Positions 21-35 of this word are interpreted
as a third address, Y3, the origin of a third table in
core storage, and the process continues.

The function V1 replaces L1 in the mqQ through a
shifting operation. The Mmq is shifted left six positions
and the bits of L1 are shifted out of position S of the
MQ and are lost. The number V1 then replaces the
contents of the mq, positions 30-35 (Figure 57) .

Location Contents
Y1 \} Y2
Y1+ U Vi Y2
Y1 +N VM Y2
S 56 20 21 35

Figure 56. Convert Table
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MQ REGISTER

I?LZ I L3 l L4 | L5 l L6 [ 2 }

56 112 17 18 23 24 29 30 35

Figure 57. »aq Register

Thus, the crq instruction provides for replacement
of the contents of the mq from left to right.

The number of such table references made by a
single convert instruction is specified by the count
field, positions 10-17, of the instruction. If a count of

six is given, six numbers V1, V2, ... » V6 will occupy
the exact mq positions originally containing the six
corresponding arguments L1, L2, ... , L6. If a count

of one was specified for a crq instruction, the final con-
tents of the MQ would be as shown in Figure 57. When
a count of more than six is specified, the values taken
from the tables during the first six references will be
used for additional table references. For example,
V1 =17, V2 =18, and so on.

After the last function, Vn, has been placed in the
MQ, the location in core storage from which Vn has
been taken contains as its address part a number, Yn.
If the tag field of the convert instruction contains a
one, the number Yn replaces the contents of index
register 1. This provides a convenient method for the
program to determine where the last storage table ref-
erence has been made or where the next table refer-
ence is to be made. (Only index register 1 can be
used.)

The CONVERT BY REPLACEMENT FROM THE AC (CVR)
instruction is analogous to the crqQ instruction. For
this instruction the c(AC)p,.;s rather than the c(MQ)
are interpreted as the 6-bit numbers L1, L2, ... , L6.
Also, the six-place shifts which occur during the execu-
tion of the instruction are right shifts rather than left
shifts. Thus, for the cvr instruction, the replacement
takes place right to left, whereas, for the CRrRQ, the re-
placement takes place from left to right.

The caq instruction interprets the c(MQ) as six
6-bit quantities L1, L2, ... , L6 and uses these num-
bers as arguments in the same manner as the crQ
instruction. However, instead of replacing the num-
bers L1, L2, ... » L6, the contents of the looked-up
words are added into the ac. The address parts of
these words are then used as origins for additional
look-ups in the usual manner. Addition into the ac
is logical, with the S position of the word being added
into the P position of the ac. After an argument has

been used for a table reference, the ¢ (MQ) are rotated

left so that bits leaving position S enter position 35 of
the mQ. Thus, if a count of six is specified for a cag
instruction, the final and original ¢ (Mq) are identical.
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CVR — Convert by Replacement from the AC

[ o [ ¢ N[ v ]

S 9 10 17 1819 21 35

Description. This instruction treats the C(AC)p 135
as six 6-bit quantities and replaces the first C of these
quantities by values from tables in core storage. Posi-
tion S of the ac is unchanged. Note: Bit position Q
is not cleared and will or with the first function, if
present initially.

Indicators. None.

Timing: 2-8 cycles, modification 6

Execution. The instruction is executed in the fol-
lowing steps:

1. The address part (Y) replaces the c(sR),;.s.

2. The count field (C) is placed in the shift reg-
ister.

3. The contents of the shift register are tested. If

the register contains zero, step 4a follows. If the reg-
ister is non-zero, step 4b follows.

4a. If position 20 of this instruction contains a 1,
the G(sr),;.y; replace the contents of index register 1
(xra), and the computer takes the next sequential in-
struction. If position 20 contains a 0, the computer
proceeds directly to the next sequential instruction.

4b. The ¢(SR),;_s; are added to the C(AC);.35 to form
an address (X). The c(x) replace the ¢ (sR).

5. The ¢(AC)qp ;.55 are shifted right six places. Posi-
tions vacated are filled with zeros.

6. The C(sR)s,.; replace the c(ac)p,.,. However, if
position Q of the ac initially contains a 1, it will be
shifted to position 5 of the ac during step 5. This 1
in position 5 of the Ac will remain regardless of the
contents of position 5 of the sr.

7. The contents of the shift register are decreased
by one and the computer returns to step 3.

CRQ — Convert by Replacement from the MQ
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Description. This instruction treats the ¢ (mQ) as
six 6-bit quantities and replaces the first C of these
quantities by values from tables in core storage.

Indicators. None.

Timing: 2-8 cycles, modification 6

Execution. The instruction is executed in the fol-
lowing steps:

1. The address part (Y) replaces the C(sR),;_g5.

2. The count field (C) is placed in the shift reg-
ister.



3. The contents of the shift register are tested. If
the register contains 0, step 4a follows. If the register
is not 0, step 4b follows.

4a. If position 20 of this instruction contains a 1,
the c(sR), 55 Teplace the contents of xra and the com-
puter proceeds to the next sequential instruction. It
position 20 contains a 0, the computer proceeds di-
rectly to the next sequential instruction.

4b. The C(SR),;.5; are added to the ¢(MQ)s ;.5 to form
an address (X). The c(x) then replace the C(sr).

5. The ¢ (M@) are shifted left six places. Bits shifted
out of position S of the mq are lost. Positions vacated
are filled with zeros.

6. The ¢(sR)s ;.5 replace the ¢(MQ);0.55-

7. The contents of the shift register are decreased
by one, and the computer returns to step 3.

CAQ — Convert by Addition from the MQ
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Description. This instruction treats the ¢ (MQ) as
six 6-bit quantities. The first C of these quantities are
used in making references to tables in core storage.
Words selected by the references are added to the
C(AC)qp155- Position S of the ac is unchanged. NOTE:
Care should be taken that the binary sum of the quan-
tities added from 21-35 does not carry into position 19
of the ac.

Indicators. None.

Timing: 2-8 cycles, modification 6

Execution. The instruction is executed in the fol-
lowing steps:

1. The address part (Y) replaces the C(SR)z;.35-

2. The count field (C) is placed in the shift reg-
ister.

3. The contents of the shift register are tested. It
the register contains 0, step 4a follows. If the register
is not 0, step 4b follows.

4a. If position 20 of this instruction contains a 1,
the c(sr),, 35 replace the contents of Xxra, and the com-
puter proceeds to the next sequential instruction. If
position 20 contains a 0, the computer proceeds di-
rectly to the next sequential instruction.

4b. The c(sR),,.5; are added to the ¢(dMQ)s ;.5 to form
an address (X). The ¢(x) then replace the c(sr).

5. The c(mq) are rotated six positions to the left.
Bits leaving position S of the Mo enter position 35.

6. The c(sR)s,.;; are added to the c(AC)qp .55 and
the sum replaces the ¢(AC)q p .55 The sign position of
the sr is added into position P of the ac, and the sign

of the ac is disregarded. NoTE: Even though ac over-
flow is possible, the overflow indicator is not affected
by this instruction.

7. The contents of the shift register are reduced by
one and the computer returns to step 3.

The reader is referred to the CONVERT programming
examples contained in the programming section of
this manual for possible uses of these instructions.

Input-Output Operations

As has been previously stated, the address part of an
instruction may refer either to a location in core stor-
age, the length of shift, or may be interpreted as a
part of the operation code itself.

The identifying number for the various input-out-
put units appears in the address part of the instruc-
tion. For tapes, card machines and printers the ad-
dress part specifies both the particular 1o unit and
the data channel to which it is attached. Channels A
through H are specified by the numbers 1 through 10,
respectively, appearing as the first two digits of an
octal five-digit address. The last three digits specify
the 1-o unit. If the 1-0 unit is a tape, the mode of
operation, either binary or Bcp, is also specified by the
address.

The addresses of the input-output devices are shown
below:

DEVICE CHANNEL BCD ADDRESS BINARY ADDRESS
Tapes A 1201-1212 1221-1232
B 2201-2212 2221-2232
C 3201-3212 3221-3232
D 4201-4212 4221-4232
E 5201-5212 5221-5232
F 6201-6212 6221-6232
G 7201-7212 7221-7232
H 10201-10212 10221-10232
Card Reader A 1321
B 2321
C 3321
D 4321
E 5321
¥ 6321
G 7321
H 10321
Card Punch A 1341
B 2341
C 3341
D 4341
E 5341
F 6341
G 7341
H 10341
NORMAL BINARY
Printer A 1361 1362
B 2361 2362
C 3361 3362
D 4361 4362
E 5361 5362
F 6361 6362
G 7361 7362
H 10361 10362
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In the following instruction description, only the
operation code will be shown. The address part will
appear in the normal code of Y. All input-output in-
structions may be trapped using the compatibility
feature.

Since it is possible to create magnetic tapes of mixed
density, precautions should be taken so that all read
tape instructions are executed when the tape unit is
set to the density in which the tape was recorded.

RDS — Read Select

[ o N\ 7 ] v
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Description. This instruction causes the computer
to prepare to read information, from the 1-0 device
specified by Y, into core storage. If Y specifies a tape,
printer, or card reader, Y also specifies the channel to
which the device is attached.

Any attempt to read in one density a tape that was
recorded in the other density will result in both de-
tected and undetected errors. When rps is used to
skip tape, proper tape density must also be used.

Indicators. Simulate, end of file. (See device being
used.)

Timing: 2 cycles, modification 8

Execution. When a channel is designated, a RESET
AND LOAD CHANNEL instruction must be given within
the specified time following the ros, or the 1-0 device
will be logically disconnected from the computer and
one record will be passed. (See each device for tim-
ings.) No other select instruction should be inserted
between the rps and its associated RcH. When an Rrps
specifies channel operation, only positions 28-35 of
the address part of the instruction are subject to
effective address modification.

WRS — Write Select
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Description. This instruction causes the computer
to prepare to write information from storage to the
1o device specified by Y. If Y specifies a tape, printer
or card punch, Y also specifies the channel to which
the device is attached.

Indicators. Simulate, end of tape. (See device being
used.)

Timing: 2 cycles, modification 8
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Execution. When a channel is designated, a RESET
AND LOAD CHANNEL instruction must be given within
specified time following the wrs, or the 1-0 device will
be logically disconnected from the computer and, if
the wrs specified a tape, a blank section of tape will
be written. No other select instruction should be in-
serted between the wrs and its associated rcH. If the
end of tape reflective spot is encountered during the
execution of a wrs, the end-of-tape indicator in the
proper channel will be turned on. When a wrs spe-
cifies an 1-o0 device attached to a channel, only posi-
tions 28-35 of the address part of the instruction are
subject to effective address modification.

BSR — Backspace Record

E7E @ Y
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Description. This instruction causes the tape desig-
nated by Y to move backward until recorded informa-
tion is reached and then to continue this backward
motion over information until an end-of-record gap
or load point is encountered.

The tape unit must be in the proper density mode
(the same as the tape being backspaced) before the
BSR is executed, or tape errors will occur.

Indicators. Beginning of tape and simulate.
Timing: 2 cycles, modification 8

Execution. If the tape designated by Y is positioned
at its load point, a Bsr is interpreted as a no-operation
and the beginning-of-tape indicator in the proper
channel is turned on. If load point is encountered
before information is encountered, the BoT indicator
is turned on. Only positions 28-35 of the address part
of this instruction are subject to effective address modi-
fication.

BSF — Backspace File
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Description. This instruction causes the tape desig-
nated by Y to move backward until recorded informa-
tion is reached and then to continue this backward
motion over information and end-of-record gaps until
an end-of-file record or the load point is encountered.

The tape unit must be in the proper density mode
(the same as the tape being backspaced) before the
BSF is executed or tape errors will occur.



Indicators. Beginning of tape, simulate.
Timing: 2 cycles, modification 8

Execution. If a BsF is given to a tape positioned at
its load point, the BsF is interpreted as a no-operation
and the beginning-of-tape indicator in the proper
channel is turned on. If load point is encountered
before an end-of-file record, the beginning-of-tape in-
dicator is turned on. Only positions 28-35 of the ad-
dress part of this instruction are subject to effective
address modification.

WEF — Write End-of-File
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Description. This instruction causes the tape desig-
nated by Y to write an end-of-file gap followed by a
tape mark (and its check character) on the tape.

Indicators. End of tape, simulate.
Timing: 2 cycles, modification 8

Execution. If an end of tape reflective spot is passed
over during the execution of a wer, the end-of-tape in-
dicator in the proper channel is turned on. Only posi-
tions 28-35 of the address part of this instruction are
subject to effective address modification.

REW — Rewind
Is,l 0772 n 1]3--20I 21 ! J?I

Description. This instruction causes the tape desig-
nated by Y to rewind its tape to the load point posi-
tion.

Indicators. Simulate,
Timing: 2 cycles, modification 8

Execution. If the tape is positioned at its load point
at the time the REw is interpreted, the instruction is
treated as a no-operation. Only positions 28-35 of the
address part of this instruction are subject to effective
address modification.

RUN — Rewind and Unload
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Description. The tape unit designated by the ad-
dress portion of this instruction will be rewound and
then put into an automatic unload status.

Indicators. None.
Timing. 2 cycles, modification 8.

Execution. This instruction will be executed in the
same manner as a rewind instruction except that it
will never be treated as a no-operation if the tape is
positioned at load point when execution occurs. After
the rewind, a normal unload operation will occur as
if the operator had depressed the unload key. Only
positions 28-35 of this instruction are subject to modi-
fication by index register action. With a tape at load
point, this instruction will cause an unload operation
only.

SDN — Set Density
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Description. The address portion of this instruction
will determine which density mode is being used for
a given tape operation.

Indicators. None.
Timing. 2 cycles.

Execution. The address portion of this instruction
will include the data channel being used, tape unit
number, and the density mode as follows:

CHANNEL HIGH DENSITY LOW DENSITY
A 1221- 1232 1201- 1212
B 2221- 2232 2201- 2212
C 3221- 3232 3201- 3212
D 4221- 4232 4201- 4212
E 5221- 5232 5201- 5212
F 6221- 6232 6201- 6212
G 7221- 7232 7201- 7212
H 10221-10232 10201-10212

Care must be taken in using this instruction because
of the possibility of changing the density mode in the
middle of a tape. When power is first applied to the
7090 system, all tape units will automatically be placed
in high density status.

RDCA — Reset Data Channel A

|$ 1 +0760 H I;?OI 21 ]35%5
Description: This instruction resets all registers

and indicators in the designated data channel. All
transmission is terminated and tape or other selected
units are immediately disconnected. If the instruction
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1s executed while a tape is in motion, the tape is
stopped immediately regardless of the position of the
tape head with regard to the inter-record gap. Any
instructions which have been stacked will be lost and
status indicators previously set by an enable instruc-
tion will be turned off.

Timing: 2 cycles.

Execution: All registers, indicators and control ele-
ments that are turned off by the reset key on the
data channel console are turned off by this instruc-
tion. Since the primary purpose of this instruction is
to clear a channel after it has been “hung up” by
selecting a unit that is not ready, no attempt is made
to synchronize its operation with 1-0 units. Use of the
instruction for other purposes may result in unpredict-
able operation. Address modification may cause the
operation code to be changed. Instruction codes and
mnemonics for each channel are:

RDCB +0760. . 2352
RDCC +0760. . 3352
RDCD +0760. . . 4352
RDCE +0760. . 5352
RDCF +0760. . 6352
RDCG +0760. . 7352
RDCH +0760. , 10352

The following program is an example of using the
RDC to determine ready status of tape units attached
to channel A. The program stores a bit pattern in
location sTAT such that a I-bit signifies the tape unit
is ready (position 35 corresponds to unit 1, 34 to
unit 2, etc.) .

LOCATION INSTRUCTION ADDRESS COMMENTS
TCOA *
STZ STAT
AXT 10, 1
CAL ONE
READY BSRA 11, 1
CRQ 0,,15 Delay is approximately
30 microseconds
TCOA *+2
ORS STAT Ready
ALS 1 Not Ready
RDCA
CRQ 0, ,15 Delay approximately
30 microseconds
TIX READY, 1, 1
ONE HTR 1
STAT OCT 0

In this program, the Rrbc instruction serves two
purposes:

1. If the tape is not ready, the channel is cleared so
that the next 1-o instruction will be accepted (in the
CPU) .

2. If the tape is ready, execution of the rpc will
effectively stop the backspace operation before it gets
started so that the tape does not move from its origi-
nal position.
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Input-Output Transmission Operations

Instructions that either send commands to a data chan-
nel or store information from data channel registers
are classified as input-output transmission operations.
These instructions are described in groups of eight.
All eight instructions within a group are identical in
function and differ only in that each refers specifically
to one of the eight possible data channels. The in-
structions will be described for data channel A.

SCHA — Store Channel A

+0640 N T [ Y |
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Description. This instruction replaces the ¢(y) with
the contents of the channel A address, location, and
operation registers. If channel A is not attached to
the computer when the scHA is given, the c(y) are
cleared by the scHA.

Indicators. None.

Timing: 2 cycles

Execution. The ¢(Y),,.3; are replaced by the ¢(ar),
the ¢(Y);.,; arereplaced by the c(LR), and the ¢(Y)g ;2,10
are replaced by the contents of the operation register.
An scHA instruction may be executed at any time,
regardless of whether or not the specified channel is
in operation. If the channel is in operation and the
channel registers are in the process of being changed,
the execution of the scHa will be delayed until the
change has been completed. Note that the c(ar) will
be one greater than the storage location of the last
word involved in data transmission and that the
C(LR) are one greater than the storage location from
which the current command was taken. A channel
relinquishes priority between the time the last word
is transmitted by an 1ocp or 10sp command and the
arrival of a subsequent channel command. There-
fore, an scu may store an address which is one greater
than the address of the last word transmitted by the
10CP or 10sP commands.

INSTRUCTION CODE NAME
SCHB —0640 Store Channel B
SCHC +0641 Store Channel C
SCHD —0641 Store Channel D
SCHE +0642 Store Channel E
SCHF —0642 Store Channel F
SCHG +0643 Store Channel G
SCHH —0643 Store Channel H

RCHA — Reset and Load Channel A
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Description. If channel A has been selected by
either an Rrps or wrs, the ¢(Y)g,,»1, replace the channel
operation register, c(Y);.;; replace the c(wr) and the



C(Y)s1.55 Teplace the c(ar). In addition, the number Y
plus one replaces the ¢(LR).

Indicators. 1-o Check.

Timing: 3 cycles

Execution. If channel A is not selected when the
RCHA is given, the RCHA executes normally but the 1-0
indicator is turned on (If the command loaded by the
rRcHA specifies indirect addressing, it will not occur).
For each rps or wrs, the corresponding RcHA must be
given if any transmission between storage and the se-
lected 1-o device is to take place. If a second RCHA is
given at a later time, the order is executed immedi-
ately. No other select instruction should be inserted
between the rcH and its associated wrs or rps. See
“Prograizmed Interruption of a Data Channel” for
further details regarding this type of operation.

INSTRUCTION CODE NAME

RCHB —0540 Reset and Load Channel B
RCHC +0541 Reset and Load Channel C
RCHD —0541 Reset and Load Channel D
RCHE +0542 Reset and Load Channel E
RCHF —0542 Reset and Load Channel F
RCHG +0543 Resct and Load Channel G
RCHH —0543 Reset and Load Channel H

LCHA —Load Channel A
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Description. 1f the data channel has been selected,
the computer delays until an 10CT, 10RT, Or 10ST cOm-
mand is processed for channel A or the channel leaves
operation. After an 10CT, 10RT, Or 10ST command has
been executed by the channel A, the rcua is executed
as shown below.

Indicators. 1-0 check.

Timing: 3 cycles, modification 8

Execution. The c(Y)s 1,215 replace the contents of
channel A operation register. c(y);.,; replace the
C(WR), the ¢(Y),; 35 replace the c(ar), and the number
Y plus one replaces the c(Lr). If an LcHA is issued
and either (1) the channel is not selected, or (2)
channel A is selected but an 10CT, I0RT, Or 10sT com-
mand is not executed before the channel disconnects,
the 1-0 check indicator is turned on and the LcHA is
treated as a no-operation.

INSTRUCTION CODE NAME

LCHB —0544 Load Channel B
LCHC +0545 Load Channel C
LCHD —0545 Load Channel D
LCHE +0546 Load Channel E
LCHF —0546 Load Channel F
LCHG +0547 Load Channel G
LCHH —0547 Load Channcl H

Data Channel Commands

The eight types of data channel commands are de-
scribed in much the same manner as other computer
instructions. The following steps list command condi-
tions:

1. The letter Y in the address part (21-35) of a com-
mand is used to denote a core storage location.

2. The letter C in the decrement part (3-17) of a
command is used to denote a word count amount.

3. The numerical operation code is shown by an
octal digit in the prefix part (S, 1 and 2). The digit
may be visually converted to its binary equivalent
for reference to the bit pattern actually used.

4. Indirect addressing of data channel commands is
possible on the 7090 system. Position 18 of the com-
mand contains the flag bit. Thus, with a command
having an address part (Y) and a one in position 18,
the address part of location Y replaces the address
part of the command before it is executed. With a
zero word count, indirect addressing does not occur
on 1ocp or 1osp commands. Indirect addressing will
occur only on read or write opcrations.

5. Separate commands have not been formulated to
handle bit position 19. Instead, a fifth character (N—
denoting non-transmit) is appended to the mnemonic
codes used for positions S, 1, and 2. This type of com-
mand is used for read opcerations only.

6. Seven of the eight commands deal with data
transmission. The codes for these commands all con-
tain the letters “1-0”.

7. The eighth command is a transfer in channel
command.

8. The word disconnected means that the units in-
volved are separated logically rather than physically.
When a disconnect is signalled, it may be delayed de-
pending on the operation being performed. For ex-
ample:

a. Write Tape. Disconnect will not occur until the
end of record gap is written. This permits a pro-
grammed ETT or TRC test to be valid if given after
the channel leaves operation (disconnects).

b. Read Tape. Disconnect will not occur until tape
control circuits and tape units have accepted the
read instruction. This assures that any read select
instruction will move tape before the disconnect
occurs even if an immediate disconnect is pro-
grammed. Disconnect will not occur between the
last word of the record and the interrogation of the
longitudinal redundancy check character (LrC).
This assures that with a channel programmed to
read an entire record, a TRC test, given after the

Computer Instructions 61



channel leaves operation, will have tested the LRC
character.

Recognition of an end of file, while reading tape
or cards, causes a disconnect regardless of the com-
mand being used. The tape unit does not leave
operation until the Lrc character has been checked
and the end of record reached. An 10RP, IORT, 10sP,
or 1osT command will not recognize a logical end
of record on an end of file.

¢. Card Machines. Unless a disconnect is pro-
grammed immediately following a transmission or
end of record time, the disconnect will generally be
delayed until the next transmission or end of record
time. For example, if the channel is loaded with an
tocp command (with zero word count) ten milli-
seconds after end of record time, an extra machine
cycle will occur. The disconnect then occurs at the
9-left transmission time of this extra cycle.

IN EXECUTION descriptions of the 1-0 commands, tape
is assumed to be the 1-o device. However, mechanical
motion on the tape (from record to record) may be
compared to card equipment (from card to card or
line to line) on the printer. The descriptions may
then be applied to 1-0 devices other than tape.

IOCD — Input-Output under Count Control
and Disconnect
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Description. C words are transmitted between an
1-o device and core storage beginning with location Y.
The data transmission is under control of the count
(C) field only.

Indicators. See 1-0 device being used.
Timing: See 1-0 device being used.
Execution

Read Operation. If the word count has been re-
duced to zero before a record gap is reached, the chan-
nel leaves operation and tape motion will continue
until a record gap is reached. No transmission will
occur during this time. If a record gap is encountered
when the word count is not zero, the gap is ignored
and reading continues from the next record. An 10cp
command with a 0 word count, loaded at the end of
record will disconnect the channel.

Write Operation. When C words have been written
on tape, a record gap is written. If this command is
given at the beginning of a record and C is initially
zero, approximately 334 inches of blank tape will be
written before the record gap is written. The chan-
nel is then disconnected.
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IOCP — Input-Output under Count Control
and Proceed
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Description. C words are transmitted between an
1-0 device and core storage location Y. The data trans-
mission is under control of the count field only. When
C is reduced to zero, or is initially zero, the next se-
quential command is brought into the data channel
and executed.

Indicators. See 1-0 device being used.
Timing. See 1-0 device being used.
Execution

Read Operation. G words are read from tape and
stored in consecutive storage locations beginning with
location Y. When the word count has been reduced to
zero, the channel takes its next command in sequence
and executes it.

If the word count is reduced to zero by the last word
of a record and the next command is an IORP, IOSP,
IORT, or 10sT, the present end of record will be recog-
nized. Unlike the 10sp, the 10cP command need not
proceed within 11 cycles in order to recognize the
present end of record.

Write Operation. C words from storage beginning
with location Y are written on tape. When the speci-
fied words have been written, the channel proceeds to
the next sequential command. An end of record is
not written on tape when the word count is reduced
to zero.

In printing or the punching of cards, if the word
count is reduced to zero on the 12-row right transmis-
sion point, and the next command is an I0RP or IORT,
the end of the present machine cycle (record) will be
recognized.

IORP — Input-Output of a Record and Proceed
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Description. See “Execution.”
Indicators. See 1-o device being used.

Timing: See 1-0 device being used.

Execution

Read Operation. Words are transmitted from tape
and stored in consecutive storage locations until either
an end of record is encountered or the word count has
been reduced to zero. If the word count is reduced to
zero (or is initially zero) before an end of record is
reached, the rest of the words in that record are



skipped without transmission to storage. When the
record gap is reached, the channel takes the next se-
quential command.

Write Operation. When C words have been written,
a record gap is written and the channel proceeds to
the next sequential command.

10CT — Input-Output under Count Control
and Transfer
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Description. G words are transmitted between an
1-o device and storage beginning with location Y. The
data transmission is under control of the count field
only. When C is reduced to zero, the next command
is taken from a core location specified by the load
channel instruction in the main program or discon-
nects (and traps if the channel is enabled) if no load
channel instruction is waiting. If this command is
loaded by an rcH or LcH instruction and C is initially
zero, the channel is immediately disconnected unless
restricted by the operation.

Indicators. Command Trap.
Timing: See 1-o device being used.
Execution

Read Operation. Execution of the command is un-
der control of the count field only and end of record
gaps are ignored. If the word count is reduced to zero
by the last word of a record and the next command is
an IORP, 10SP, I0RT, or 10sT, the present end of record
will be recognized. Unlike the 10sT command, the LcH
instruction need not load the channel within 11 cycles
in order to recognize the present end of record.

Write Operation. An end of record will not be
written after C words have been written if the Lcu
instruction results in bringing into the channel a new
word count.

In printing or the punching of cards, if the word
count is reduced to zero on the 12-row right transmis-
sion point and the next command is an IORP or IORT,
the end of the present machine cycle (record) will be
recognized.

IORT — Input-Output of a Record and Transfer
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Description. See “Execution.”
Indicators. Command trap.

Timing: See 1-0 device being used.

Execution

Read Operation. Words are transmitted from tape
and stored in consecutive storage locations until either
an end of record is encountered or the word count has
been reduced to zero. If the word count is reduced to
zero (or is initially zero) before an end of record is
reached, the rest of the words in that record are
skipped without transmission to storage. When the
record gap is reached, the next command is taken
from a core location specified by the LcH instruction in
the main program or disconnects (and traps if the
channel is enabled) if no LcH is waiting.

Write Operation. When C words have been written,
a record gap is written and the channel takes its next
command from a core location specified by the Lcu
instruction in the main program or disconnects (and
traps if the channel is enabled) if no LcH instruction
is waiting.

10SP — Input-Output until Signal, then Proceed
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Description. See “Execution.”
Indicators. See 1-0 device being used.
Timing: Sec 1-0 device being used.
Execution

Read Operation. Words are read into consecutive
storage locations beginning with location Y until
either the contents of the word counter are reduced to
zero or an end of record is reached. When either event
occurs, the channel proceeds immediately to the next
sequential command and executes it.

With a tape read operation and an IOSP Or IOST
command whose word count is reduced to zero by the
last word in the record and whose next command is an
IORP, IORT, IOSP, or 10sT, this next command will
normally enter the channel in time to recognize the
present end of record. This next command transmits
no data and is effectively skipped. If this next com-
mand cannot enter the channel within 11 machine
cycles, the I0RP, IORT, 10sP, or 10sT command will not
recognize the present end of record gap, but will proc-
ess the following record. To determine if this se-
quence can be safely programmed, three cycles should
be allowed if the cpu is processing a Tco instruction
(five cycles if other instructions are being processed)
plus one cycle for each channel in operation, plus one
cycle for each channel programmed with proceed com-
mands, plus one cycle for each channel which may
process a TcH at this time, plus one cycle for each
channel which may have indirect addressing at this
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time. If the total exceeds Il cycles, the sequence
described must not be used.

Write Operation. C words are written on tape be-
ginning with storage location Y. When the specified
words have been written, the channel proceeds to the
next sequential command. An end of record is not
written on tape when the word count is reduced to
zero. Note that this is identical to the operation of
the 10cp.

In printing or the punching of cards, if the word
count is reduced to zero on the 12-row right transmis-
sion point and the next command is an IORP or IORT,
the end of the present machine cycle (record) will be
recognized.

IOST — Input-Output until Signal then Transfer
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Description. See “Execution.”

Indicators. See 1o device being used.

Timing: See 1-0 device being used.
Execution

Read Operation. Words are read into consecutive
storage locations beginning with location Y until
either the contents of the word counter are reduced
to zero or an end of record is reached. When either
event occurs, the channel takes its next command
from a core location specified by the LcH instruction in
the main program or disconnects (and traps if the
channel is enabled) if no rcH instruction is waiting.

With a tape read operation and an 10sT command
whose word count is reduced to zero by the last word
in the record and whose next command is an I0RP,
IORT, 10SP, or 10ST, this next command will normally
enter the channel in time to recognize the present end
of record. This next command transmits no data and
is effectively skipped. If this next command cannot
enter the channel within 11 cycles, the 10rP, 10RT, 10sP,
or 10sT command will not recognize the present end of
record gap but will process the following record. To
determine if this sequence can be safely programmed,
two cycles should be allowed for the Lcu instruction
plus one cycle for each channel in operation, plus one
cycle for each channel programmed with proceed com-
mands, plus one cycle for each channel using indirect
addressing. If the total exceeds 11 cycles, this sequence
must not be used.

Write Operation. C words are written on tape from
storage beginning with location Y. When C words
have been written, the channel takes its next command
from a core location specified by the Lcu instruction
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in the main program or disconnects (and traps if the
channel is enabled) if no LcH instruction is waiting to
be executed.

In printing or the punching of cards, if the word
count is reduced to zero on the 12-row right trans-
mission point and the next command is an 10RP or
IorT, the end of the present machine cycle (record)
will be recognized.

Program Examples

The following examples illustrate the use of data
channel commands to read and write tape. The pro-
grams, aside from the instructions and command
codes, are shown in the octal number system.

Figure 58 shows a program which may be used to
read and skip tape records. The first instruction
(500) selects the proper channel and tape. The sec-
ond one loads the first command (1000) into the
channel. The command execution proceeds as follows:

LOCATION INSTRUCTION COMMENTS

00500 RDS 01201 | Select tape 1, channel A
00501 RCHA 01000 | Load first command

01000 IOCP 00006 0 03000 | Read first six words

01001 IOCPN 00005 2 00000 | Skip next five words

01002 IORP 77777 0 03006 | Read remaining words in record
01003 IOCD 00000 0 00000 | Disconnect

Figurc 58. Read and Skip Tape Program

1000 — IOCP 00006 0 03000. This command
reads the first six words from tape and places them
into core locations starting with 3000.

1001 — IOCPN 00005 2 00000. This command
reads, but does not transmit, the next five words, in
effect skipping them.

1002 — IORP 77777 0 03006. The next com-
mand reads the remaining words in the record into
locations starting with 3006. When the record gap is
sensed, the next command (1ocp) will disconnect the
channel and the tape unit, thus ending the channel
program.

Figure 59 shows a program that could be used to
write all of core storage on a tape and delay at loca-
tion 502 until all but the last word has been written.

The first two instructions select the channel and
tape unit to be used and load the first channel com-
mand. The central processing unit then senses the
load channel instruction (1.cur) and the main pro-
gram will wait until the next-to-last word has been



written before loading the second channel command
which will write location 77777 and disconnect both
the channel and the tape unit.

LOCATION INSTRUCTION COMMENTS

00500 WRS 06202 | Select tape 2, channel F

00501 RCHF 01000 | Load first command

00502 LCHF 01001 | Wait until last word, then load
. . . channel F

01000 IOCT 77777 0 00000 | Write locations 00000-77776

01001 IOCD 00001 0 77777 | Write location 77777 and then

disconnect

Figure 59. Write Tape Program

Channel Trap Operations

ENB — Enable from Y

CTENG DR
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Description. When this instruction is executed, the
contents of location Y determine which signals may
cause a trapping operation. Execution of each enable
instruction cancels the effect of previous enable in-
structions. All channels may be disabled (traps will
not occur) by executing an enable instruction whose
operand contains all zeros.

Indicators. None.

Timing: 2 cycles

Execution. Trapping signals are controlled as fol-
lows:

SIGNAL DUE TO CHANNEL EFFECTIVE IF

A“]l”IN

POSITION
Channel command or EOF A 0035
Channel command or EOF B 0034
Channel command or EOF C 0033
Channel command or EOF D 0032
Channel command or EOF E 0031
Channel command or EOF F 0030
Channel command or EOF G 0029
Channel command or EOF H 0028
Tape check A 0017
Tape check B 0016
Tape check C 0015
Tape check D 0014
Tape check E 0013
Tape check F 0012
Tape check G 0011
Tape check H 0010

Execution of a trap will inhibit all further traps until
a new enable instruction is executed or a restore-
channel-trap instruction is executed. Depression of
the reset, clear key, or execution of an roc instruction,
will also disable all channels.

RCT — Restore Channel Traps
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Description. This instruction will allow traps to
occur as specified by the previous enable instruction.
It cancels the inhibiting effect of an executed trap.

Indicators. Trap Control.
Timing: 2 cycles

Execution. Since the address part of this instruc-
tion is a part of the operation code, modification by
an index register may change the operation itself.

System Compatibility Operations

ESNT — Enter Storage Nullification and Transfer
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Description. This instruction turns on a half-storage
mode indicator, which serves as a protective device for
a program being run while using the compatibility
feature of the computer.

Indicators. Simulate, trap mode.
Timing: 1 cycle

Execution. With the half-storage mode indicator on,
the following events occur: (1) the upper half of
storage is made unavailable for reference by a 704
program, (2) index register capacity is halved, and
(8) program control is transferred to location Y. The
indicator may be reset by depressing the reset, clear,
or any of the load keys, execution of any 1-0 trap (ex-
cept data channel trap), or execution of an LsNM
instruction.

LSNM — Leave Storage Nullification Mode
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Description. Execution of this instruction returns
the computer system to its normal operating capacity
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by turning the half-storage mode indicator off. If the
computer is in its normal operating mode and an
LSNM instruction is executed, the instruction will be
treated as a no-operation.

Indicators. Simulate.
Timing: 2 cycles

Execution. Since the address part of this instruction
is a part of the operation part, modification by an
index register may change the operation itself.

ESTM — Enter Select Trap Mode
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Description. This instruction turns on the select
trap mode indicator, and, while in this mode, 10
select and sense instructions are not executed but are
trapped. It should be used before entry into a 704
program, so that a 704 instruction will be trapped
rather than result in indefinite delays.

Indicators. Simulate.
Timing: 2 cycles

Execution. Instructions that will be trapped in-
clude: WEF, BSF, BSR, REW, RDS, WRS, I-O sense, RTT, EOT,
redundancy and Bot. The location plus one of the
trapped instruction is stored in core storage location
40,000. Program control is transferred to location
40,001. Trapping also turns off the hal[—storage, select
trap, and copy trap indicators. The indicators may
also be turned off by: depression of reset, clear, or
load keys, or execution of any 1-o trap (except a data
channel trap). Since the address part of this instruc-
tion is a part of the operation code, modification by
an index register may change the operation itself.

ECTM — Enter Copy Trap Mode
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Description. This instruction turns on the copy
trap mode indicator. With the indicator on, CPY, CAD,
and LpA instructions are trapped instead of being
executed.

Indicators. Simulate.

Timing: 2 cycles
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Exccution. The location plus one of the trapped in-
struction is stored in core location 40,000 and pro-
gram control is transferred to location 40,002. The
execution of this instruction will also turn off the half-
storage, select trap, and the copy trap mode indicators.
The copy trap mode indicator may also be turned off
by: depression of the clear, reset, or load keys, or the
execution of any 1-o trap (except a data channel trap) .
Since the address of this instruction is a part of the
operation code, modification by an index register
may change the operation itself.

EFTM — Enter Floating Trap Moac
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Description. This instruction turns on the indicator
for floating-point trap mode. When in this mode,
floating-point overflow and/or underflow will cause a
trapping operation.

Indicators. MQ overflow.

Timing: 2 cycles

Execution. This mode is the normal operating
mode. Floating-point overflow-underflow have the
operating characteristics of the standard computer
(store location plus one in address 0000 and then
transfer to 0010). Since the address part of this in-

struction is a part of the operation code, modification
by an index register may change the operation itself.

LFTM — Leave Floating Trap Mode
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Description. This instruction turns off the floating
trap mode indicator, giving the computer floating-
point overflow characteristics of the standard 704
(turns on the ac or mq overflow indicators only) .

Indicators. MQ overflow.

Timing: 2 cycles

Execution. Depression of the reset, clear, or load
keys will return the computer to its normal operating
mode (floating trap mode) by turning the floating
trap mode indicator on. Since the address of this
instruction is a part of the operation code, modifica-
tion by an index register may change the operation
itself.



Commands and Instructions for the
IBM 7909 Data Channel

The following instructions and commands are used
with the 7909 Data Channel and its attached adapter
and input-output devices. Execution timing is not
included, because it depends on command organiza-
tion in core storage and the status of the addressed
data channel.

RSCA — Reset and Start Channel A
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Description. On execution of this instruction, the
channel is selected and reset and takes its next com-
mand from location Y. The instruction is interlocked
against channel activity; if the instruction is executed
while the channel is busy, its execution is delayed
until the channel is in wait status.

Indicators. None.

Execution. If the selected channel is in wait status,
the ¢(Y)s 15,10 Teplace the channel operation register,
C(Y)3.;; replace the word counter, and c¢(Y),, 5 replace
the contents of the address counter. In addition, the
number Y+1 replaces the contents of the command
counter. If the channel is not in wait status, the
execution of the cpu program is delayed until the
channel executes either a wIr or TWT command.

Instruction codes for other channels are:

INSTRUCTION CODE NAME

RSCB —0540 Reset and Start Channel B
RSCC +0541 Reset and Start Channel C
RSCD — 0541 Reset and Start Channel D
RSCE + 0542 Reset and Start Channel E
RSCF —0542 Reset and Start Channel F
RSCG + 0543 Reset and Start Channel G
RSCH —0543 Reset and Start Channel H

STCA — Start Channel A
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Description. Execution of this instruction is delayed
if the channel is not in wait status. If in wait status,
the channel is started and takes its next command
from the address part of the wait command.

Indicators. None.

Execution. If the channel is in wait status, the
command counter is reset and replaced with the
contents of the address counter. The channel then
executes the command at the location specified by

the command counter and increments the command
counter by one (adds one to the command counter
contents).

Instruction codes for other channels are:

INSTRUCTION CODE NAME

STCB —0544 Start Channel B
STCC + 0545 Start Channel C
STCD —0545 Start Channel D
STCE + 0546 Start Channel E
STCF —0546 Start Channel F
STCG + 0547 Start Channel G
STCH —0547 Start Channel H

SCHA —Store Channel A
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Description. Execution of this instruction causes
the specified channel to be selected and that channel’s
command counter contents to be placed in positions
21-35 of location Y. The channel’s address counter
contents are placed in positions 3-17 of location Y. Po-
sitions S, 1, 2, 18, 19, and 20 of location Y are reserved
and their contents cannot be predicted. '

Indicators. None.

Execution. The ¢(Y)y;3; are replaced by the con-
tents of the command counter and ¢(y),_,, are replaced
by the contents of the address counter. The scHaA in-
struction may be executed at any time, regardless of
whether the specified channel is in operation. The
command counter may contain the location of the
current command or of the next command to be
executed.

Instruction codes for other channels are:

INSTRUCTION CODE NAME

SCHB —0640 Store Channel B
SCHC + 0641 Store Channel C
SCHD —0641 Store Channel D
SCHE 4 0642 Store Channel E
SCHF —0642 Store Channel F
SCHG +- 0643 Store Channel G
SCHH —0643 Store Channel H

ENB — Enable from Y

[ +0564

S 111213 14
Description. When this instruction is executed, the
contents of location Y determine which signals may
cause a trap operation. Execution of each enable in-
struction cancels the effect of previous enable instruc-
tions. The channel may be disabled (traps will not
occur) by executing an enable instruction whose
operand contains a zero in the proper position.
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Indicators. None.
Execution. Trapping signals are controlled as fol-
lows:

SIGNAL DUE TO CHANNEL EFFECTIVE IF A | IN POSITION
TWT Command A 0035
TWT Command B 0034
TWT Command C 0033
TWT Command D 0032
TWT Command E 0031
TWT Command F 0030
TWT Command G 0029
TWT Command H 0028

Execution of a trap inhibits all further traps until
a new enable instruction is executed or a restore
channel traps instruction is executed. Depression of
the reset or clear key or execution of an ric instruc-
tion also disables the data channel.

RICA — Reset Channel A
oo L w )
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Description. This instruction, when executed, causes
all conditions in the channel to be reset. The instruc-
tion is not interlocked against channel activity. If
data transmission is taking place when an ric occurs,
validity of the data already transmitted cannot be
guaranteed.

Indicators. None.

Execution. The ric resets all conditions in the
channel to normal initial status and also sends a reset
pulse to the adapter. Modification of the address of
the ric may change the operation itself.

Instruction codes for the other channels are:

INSTRUCTION CODE NAME
RICB +0760-2350 Reset Channel B
RICC +0760-3350 Reset Channel C
RICD +0760-4350 Reset Channel D
RICE +0760-5350 Reset Channel E
RICF +0760-6350 Reset Channel F
RICG ~+0760-7350 Reset Channel G
RICH +0760-10350 Reset Channel H

Other Central Processing Unit Instructions

Operation of the following cpu instructions is com-
patible with operation on the 7607 Data Channel:
10T, RCT, TCNX, and Tcox.

The BTT and ETT instructions always result in a skip,
because neither indicator is turned on by the 7909
Data Channel. For the same reason, the Trc and TEF
instructions never result in a transfer.

An rpc addressed to a 7909 Data Channel has no
effect. Data select instructions (rps and wrs) or non-
data select instructions (BSR, BSF, WEF, REW, RUN, and
sDN) addressed to a 7909 cause the 7090 cpu to hang
up but have no effect on the 7909 Data Channel.
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IBM 7909 Data Channel Commands

CTL — Control
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Description. The control command is decoded in
the channel. Information contained in ¢(y) is sent to
the adapter, starting with the high-order character,
and continues until an END signal is received from
the adapter. If more than one word location is neces-
sary to transmit all data required by the channel, the
next word is taken from location Y+1, etc. This proc-
ess continues until an END signal is received; the next
command is then taken from the storage location
following the control command.

Execution. The contents of the address counter are
replaced by Y, and the data register contents are re-
placed by c(v). When the first data request is re-
ceived from the adapter, data register contents enter
the assembly register and the ¢(y+1) replace the con-
tents of the data register. The contents of the assembly
register are sent to the adapter, character by character,
beginning with the high-order character under con-
trol of the adapter. Successive words are sent to the
adapter until an ENp signal is received from the
adapter.

CTLR — Control and Read
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Description. This command causes the channel to
transmit control information as with the crtL and
also prepares the channel for a read operation. When
an END signal is received from the adapter, the chan-
nel proceeds to the next sequential command (which
must be a copy or a TcH to a copy if data transmission
is expected) . When a copy command is encountered,
the channel is placed in read status, and data are
transmitted to core storage under control of the copy
command.

Execution. Execution is the same as with cTL ex-
cept that the prepare to read indicator in the 7909
is turned on.

CTLW — Control and Write
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Description. This command causes the channel to
transmit control information in the same manner as



with the control command and also prepares the
channel for a write operation. When an END signal
is received from the adapter (signaling the end of
the order), the channel proceeds to the next sequen-
tial command (which must be a copy or a TCH to a
copy if data transmission is expected). When the
copy command is encountered, the channel is placed
in write status, and data are transmitted from core
storage to the adapter under control of the copy
command.

Execution. Execution is the same as with CTL ex-
cept that the prepare to write indicator in the 7909
is turned on.

SNS — Sense
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Description. Execution of this command places the
channel in sense status and then proceeds to the next
sequential command (which must be a copy or a TcH
to a copy if sense data transmission is expected).
When a copy command is encountered, sense infor-
mation is sent to core storage under control of the
copy command.

Execution. Execution of the sNs turns on a sense
indicator in the 7909, which causes the adapter to
transmit sense data. The channel then proceeds to
the next sequential command. A copy (CPYP or CPYD)
command is required to provide word count and ad-
dress information to be used in storing the sense data.
If the assembly register is filled before a copy com-
mand or a TCH to a copy, a sequence check occurs.
If the assembly register is filled before a copy com-
mand is encountered, an 1-0 check results.

A maximum of two sense data words are available
from the adapter. Both words can be stored, or it is
possible to store only the first word by using a cpyp
with a word count of 1. The meaning of each sense
data-bit, as placed in core storage from the 7631 File
Control is:

FIRST WORD
BIT POSITION ~ MEANINGIF A 1
1 Reserved
Summary 3 Program Check
Bits 4 Data Check
5 Exception Condition
7 Invalid Sequence
Program 9 Invalid Code
Check 10 Format Check
11 No Record Found
13 Invalid Address

FIRST WORD

BIT POSITION MEANING IF A 1

15 Response Check
Data 16 Data Compare Check
Check 17 Parity or Cyclic Code

19 Access Inoperative
Exception 21 Access Not Ready
Condition 22 Disk Circuit Check

23 File Circuit Check

25 Reserved
Status Bit 27 Six-Bit Mode

28 Reserved

29 Reserved

31 Access 0, Module 0
Attention 33 Access 0, Module 1

Status 34 Access 0, Module 2
35 Access 0, Module 3

SECOND WORD

BIT POSITION MEANING IF A 1

1 Access 0, Module 4
3 Access 0, Module 5
Attention 4 Access 0, Module 6
Status 5 Access 0, Module 7
7 Access 0, Module 8
9 Access 0, Module 9

10 Reserved

11 Reserved

13 Reserved

15 Reserved

16 Reserved

17 Reserved

19 Reserved

21 Reserved

22 Reserved

23 Reserved

All bit positions (of both sense data words) that
are not mentioned in the preceding tables are not
used but contain zeros.

The meaning of each sense data-bit as placed in
core storage from the 7640 Hypertape control is:

FIRST WORD

BIT POSITION MEANING IF A 1

1 Operator Required
3 Program Check
4 Data Check
5 Exception Condition
7 Selected
9 Tape
10 Unit
11 Address
13 Selected Drive Not Ready
15 Selected Drive Not Loaded
16 Selected Drive File Protected
17 Operation Not Started
19 Invalid Order Code
21 Selected Drive Busy
22 Selected Drive At BOT
23 Selected Drive At EOT
25 Correction Occurred
27 Channel Parity Check
28 Code Check
29 Envelope Check
31 Overrun Check
33 Excessive Skew Check
34 Track Start Check
35 Not Used
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SECOND WORD

BIT POSITION MEANING IF A 1

1 Selected Drive Read a Tape Mark
3 Selected Drive in EWA
4 Not Used
5 Not Used
7 Read Section Busy
9 Write Section Busy

10 Backward Mode

11 Not Used

13 Drive 0 Attention

15 Drive 1 Attention

16 Drive 2 Attention

17 Drive 3 Attention

19 Drive 4 Attention

21 Drive 5 Attention

22 Drive 6 Attention

23 Drive 7 Attention

25 Drive 8 Attention

27 Drive 9 Attention

Remaining bits do not concern the programmer.

Additional details about sense data from the 7640
include:

OPERATOR REQUIRED
This bit is set when operator intervention is required
to proceed, as in a failure to execute an instruction or
an order because:

1. Selected Hypertape drive is not ready.

2. Selected drive is not loaded.

3. Selected drive is file-protected and an attempt
to write is made.

4. The operation was not initiated.

Procram CHECK
This bit is set when the failure to execute an instruc-
tion or an order is due to the status of the Hypertape
drive and Hypertape control that are under control of
the stored program, such as:

1. Invalid operation code.

2. Selected drive is busy.

3. Selected drive is at BoTr and a read backward
is attempted.

4. Selected drive is at EoT and any order requir-
ing forward tape motion is attempted.

DaTa CHECK

This bit is set when an error has occurred in the
transmission of data during a read, write, or control
operation, as the result of any of the following error
conditions:

1. Correction occurred.

2. Channel parity check.

3. Code check.

4. Envelope check. This indicator turns on when:
in reading, an uncorrectable error is sensed; in writ-
ing, the failure to write a bit or bits is sensed.

5. Overrun. This indicator turns on whenever the
computer fails to send or receive a character from
the control within the allotted time.
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6. Excessive Skew Check. This indicator turns
on whenever a bit or bits of a read character fail to
fall within the time allocated for that character.

7. Track Start Check. This indicator turns on be-
cause of circuit failure in a bit track.

ExcepTiONAL CONDITION

This bit is set when an exceptional condition occurs
during the execution of a read or write operation.
Exceptional condition does not indicate an error con-
dition. The exceptional conditions are:

1. Tape mark is sensed when reading.
2. Write operation is in progress and end warning
area is sensed.

ATTENTION

Ten bits of sense data are used to indicate attention
for ten Hypertape drive addresses. These bits are set
whenever the corresponding drive signals attention,
that is, whenever the drive is placed in ready status
or one of the following operations is completed:

Rewind
Unload Cartridge
File Protect
Rewind and Unload
Change Cartridge
Change Cartridge and Rewind
The status data bits also indicate the address of the

last selected drive of that channel.

CPYD — Copy and Disconnect
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Description. This command, when decoded by a
channel not prepared to read or write, causes a se-
quence check and, thus, a channel interrupt. If the
channel is prepared to read or write, this command
causes C words to be transmitted between the channel
and core storage, starting with location Y. Data trans-
mission continues until C is reduced to zero or an
END signal is received by the channel. In either case,
the channel read or write select is reset. If, while a
cPYD is being executed, an END signal is received be-
fore the count is reduced to zero, the channel read or
write select is reset, and the channel obtains a new
command from the next sequential location.

If the next command is other than a copy, the
channel executes that command. If the next command
is a copy, the channel interrupts on a program se-
quence check. The last word transmitted to storage
under cpYD control remains in the assembly register if
an END signal is received before the word count reaches
zero.



If the count for the cpyp goes to zero before the
END signal is received, the channel initiates a dis-
connect but does not get the next sequential com-
mand until an END or UNUSUAL END signal is obtained.
In general, when operating under cpyp control, the
channel does not obtain the next sequential com-
mand until either an END (or UNUSUAL END signaling
an error) occurs. In the event of an UNUSUAL END
signal, an interrupt occurs.

Execution: Read or Sense Operation. Y replaces
the contents of the address counter. If the channel is
in prepare to read status, this condition is reset and
the adapter is signaled to begin transmission of data
to core storage. If the read or sense indicator is on
from a previous sNs or CPYP, data transmission is con-
tinued under control of the cpyp. When the assembly
register is full, it is emptied into the data register
and access to core storage is requested.

As each word is placed in core storage, the address
counter is increased by one and the word counter
is decreased by one. If the word count is reduced to
zero before an END signal is received, a disconnect is
initiated, and the channel obtains its next command
when the Enp signal is received. If a word or partial
word has been received, it is stored. If an Enp signal
is received before the word count is reduced to zero,
the last word transmitted is stored and the channel
gets the next sequential command.

Execution: Write Operation. Y replaces the con-
tents of the address counter. If the channel is in pre-
pare to write status, this condition is reset and the
write indicator is turned on. The c(y) are placed in
the data register. When the first data request is re-
ceived from the adapter, the data register contents
are placed in the assembly register and the c(y+1I)
replace the contents of the data register.

If the write indicator is on from a previous cpyp
command, data transmission is resumed under con-
trol of the cpyp. As each word is transmitted to the
adapter, the address counter is increased by one and
the word counter is reduced by one. Disconnect pro-
cedures are the same as for a read or sense operation.
A cpyp with a word count of zero causes a disconnect
without further data transmission.

CPYP — Copy and Proceed
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Description. This command, when decoded by a

channel not prepared to read or write, causes a se-

quence check and channel interrupt. If the channel

is prepared to read or write, this command causes C

words to be transmitted between the channel and

core storage, starting with location Y. END signals
from the adapter are serviced, but the channel does
not disconnect and data transmission continues until
C is reduced to zero. The channel then does not dis-
connect but obtains the next sequential command.
If this command is a TCH, TDC, or a copy, operation
is normal and data transmission is resumed. If the
next command does not satisfy these conditions, the
channel disconnects and interrupts on a sequence
error. If an UNUSUAL END occurs, the channel inter-
rupts.

Execution. END signals from the adapter are serviced
during a cpyr command. Following the END signal,
however, the 7909 signals the adapter to proceed
(write, read, or sense). UNUSUAL END conditions cause
a channel interrupt. A cpyp command may be fol-
lowed by a cpyp, cPYD, or TCH or TpC to another copy
command.

Use of the cpyp in adapter operation should be
carefully controlled. A normal Enp should never
occur during adapter operation using a cpyP com-
mand. If word counts are not properly controlled
(that is, the total word counts of all cpyp commands
on a write operation are greater than the record
length), or if the word count is equal to the record
length and a cpyp or cpyp with a word count follows,
data will be destroyed.

Consider a single record operation on disk where
the word count of the record is 100:

CTLW DVSR Verify single record
CPYP A,, 150 Write 150 words
CPYD B,, 10 Write 10 words

When 100 words have been written, the 7631 sends
an END signal. The 7909 signals write again, and the
remaining 60 words are dumped on top of the first
100. The remaining 40 (of the original 100) are
replaced with zeros and no errors are indicated. This
condition is possible on all operations except write
format. If an attempt is made to exceed the capacity
of a format track, a format check results.

It is generally desirable to follow with a write
check operation all write operations using cpyp. This
assures error detection if a data wrap-around occurs.
A routine that may be used to write and write check
is:

LOCATION OPERATION ADDRESS COMMENT
LCC 1
WR CTLW DVSR Verify single record
CPYP A,, 150 Write 150 words
CPYD B,,10 Write 10 words
TDC *+2 Go to write check if
control counter not
Zero
wcC WTR * End of write, write
check
CTLW DWRC Prepare to write check
TCH WR+1
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TCH — Transfer in Channel

BN Y ]

§1-23 17181920 21 35

Description. This command is the transfer com-
mand for all channels. When a TcH command is ex-
ecuted, command sequence control is transferred to
location Y.

Execution. When a TcH command is executed, the
data channel transfers to location Y. The command
at location Y is loaded into the data channel and the
command counter is increased to Y+1.

LAR — Load Assembly Register

30 NN R v ]

S 17 1849 2021 35

Description. Execution of this command causes the
contents of the assembly register to be replaced by the
¢(¥). The c¢(y) remain unchanged. After execution,
the channel proceeds to the next sequential command.

Execution. The contents of Y are sent through the
storage bus switches and the data register to replace
the contents of the assembly register.

SAR — Store Assembly Register

I ]

s1- 3 17 35

Description. Execution of the sar causes the c(y) to
be replaced by the contents of the assembly register.
Contents of the assembly register remain unchanged.
After execution, the channel proceeds to the next
sequential command.

Execution. The assembly register contents are stored
in location Y, as specified by the address counter, in
the same manner as for a read operation.

XMT — Transmit
o] c G-I M l
123 17181920 21 35
Description. This command causes the C words im-
mediately following the location of the xMT command
to be transmitted to C locations starting at location
Y. When the C field is reduced to zero and the Cth
word has been transmitted, the channel obtains its
next command from the location of the XMT com-
mand, plus C, plus one. If the initial count field is
zero, the XMT command is skipped and the channel
proceeds to the next sequential command.
Execution. The command counter is increased by
one and the first word is obtained from this location
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and brought to the data register. The command
counter is then increased by one again. The data
register contents are stored in location Y. The address
counter is increased by one and the word counter is
reduced by one. The second word is entered into
the data register from the storage location specified
by the command counter. This operation proceeds
until the word count is reduced to zero. The channel
then takes its next command from the location of the
xMT command plus C, plus one. The contents of the
assembly register remain unchanged. The XMT com-
mand may be used to move blocks of data, commands,
or entire subroutines from one area of core storage
to another area.

LCC — Load Control Counter

s.1 7 35

Description. This command causes the contents of
the channel control counter to be replaced by the
six low-order positions of the count field of the rcc
command. The channel then proceeds to the next
sequential command. If the rcc is indirectly ad-
dressed, the contents of the control counter are re-
placed by the six low-order bits contained in the lo-
cation specified by positions 21-85 of the Lcc com-
mand.

Execution. The control counter is reset. The con-
tents of positions 12-17 of the address counter are
placed in positions 1-6 of the control counter. The
channel then proceeds to the next command as speci-
fied by the command counter.

TDC — Transfer and Decrement Counter

G )

S 17 35

Description. On execution of this command, the
contents of the six-bit channel control counter are
examined. If the contents are not zero, the counter
is reduced by one and control is transferred to loca-
tion Y. If the counter contents are zero, the channel
proceeds to the next sequential command, leaving
the counter contents unchanged.

Execution. If the control counter contains a count
of zero, the channel proceeds to the next command as
specified by the command counter. If the control
counter is not zero, it is decreased by one. The com-
mand counter is reset and replaced by the contents of
the address counter. The channel then takes the next
command from location Y.



ICC — Insert Control Counter

S 2 6 20

Description. When the count field (C) of the 1cc
is not zero, this command causes the C field to specify
one of the six characters in the assembly register to
be replaced by the contents of the control counter.
The remaining five characters are not affected. If C
is zero, the sixth character of the assembly register is
replaced by the contents of the sms status indicators.
In either case, the channel proceeds to the next se-
quential command after execution of the 1cc. An 1cc
with a C field of seven functions as a no operation.
The contents of the assembly register remain un-
changed.

Execution. Word counter positions 3, 4, and 5 are
decoded to specify a character of the assembly register.
The selected character is reset and replaced by the
control counter if the C field is one through six or
by the sMs status indicators if the C field is zero.

TCM — Transfer on Condition Met

15]2 G Y B

5123 5 17181920 21 35

Description. When C is not zero, this command
causes G to specify one of the six characters in the
assembly register for comparison against the contents
of the mask (M) field. If a bit-for-bit comparison is
achieved, the channel executes a transfer to location
Y. If the comparison is not achieved, the channel
proceeds to the next sequential command. If C is
zero, the channel check condition register is compared
against M. Transfer conditions for the comparison
are as previously stated. When indirect addressing is
used, control is transferred to the indirectly addressed
location when the condition is met. If C is equal to
seven, the result depends on mask contents. If all
bits in positions 12-17 of the TcMm are zero, the channel
executes a transfer to location Y. Otherwise, the chan-
nel proceeds to the next sequential command.

Execution. Word counter contents (position 3, 4,
and 5) are decoded to find the count. Assembly reg-
ister contents are divided into six characters with the
first character in positions S, 1-5 and the last character
in positions 30-35. If the count field is a value one
through six, one of the characters from the assembly
register (specified by C) is compared with the M
field of the TcMm. If C is zero, the six-position check
condition register is compared with M. If C is seven,
a six-bit character of all zeros is compared with M.
If a bitfor-bit comparison is achieved, the channel
transfers control to location Y. The command counter

is reset and replaced with the contents of the address
counter. If a comparison is not achieved, the channel
proceeds to the next sequential command. The con-
tents of the assembly register and the check condition
register remain unchanged.

SMS — Set Mode and Select

Description. Execution of this command causes the
contents of positions 30-35 of this command to set
or reset specific status indicators as follows:

35

BIT FUNCTION
30% Read Backward

31 BCD Mode

32 Inhibit Unusual End Signals

33 Inhibit Attention 1 Signals

34 Inhibit Attention 2 Signals

35* Select 2 (1 is selected when reset)

*Optional Features
Bits 34 and 35 apply to the data channel switch feature de-
scribed in “Optional Features.”

In all cases, the presence of the bit causes the status
indicator to be set and the function to be enabled;
absence of the bit resets the status indicator and dis-
ables the function. Machine and power-on resets also
reset the indicators. With indirect addressing, the
sms command status indicators are set or reset with
bits 30-35 of the location specified by bits 21-35 of the
indirectly addressed command. After execution of
the sms, the channel proceeds to the next sequential
command.

WTR — Wait and Transfer

R v ]

S.1-2 17 1819 35

Description. When this command is decoded, the
channel stops operation and may be thought of as
waiting. The channel location counter contains the
location of the wrr command. When the channel is
told to start, it takes its next command from the loca-
tion specified by Y of the wir command. If an inter-
rupt occurs while the channel is in wait status, return
from the interrupt program by means of a Lip com-
mand puts the channel in wait status.

Execution. Execution of this command forces the
channel to wait. The channel may be restarted by
either an rsc or sTc command or by an interrupt. The
command counter is not changed, and the address
counter contains Y. If the wTr is indirectly addressed,
the address counter contains the contents of the ad-
dress portion of location Y.
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TWT —Trap and Wait

[ Y ]

17 18192021 35

Description. Upon decoding a Twrt command, .the
channel suspends operation until either a reset and
start or start channel instruction is executed by the
cpu, depending on conditions described below. If the
channel is enabled for control word traps, the channel
causes the cpu to trap to a fixed location. Particulars
concerning this trap are described in “Data Channel
Trap.”

If the channel is enabled and encounters a Twr
command, start channel instructions are ignored until
the trap is executed or a reset and start channel in-
struction is executed. If the channel is not enabled,
either a reset and start or start channel instruction
resets the trap and causes the channel to resume op-
eration.

Channel interrupt signals are remembered but not
executed until the channel brings in a command
other than TWT. (An Rrsc resets these stored interrupt
signals.) After the channel has stopped operation as
a result of a Twr, the channel command counter con-
tains the location of that command.

Assume that B is the location where the instruction
counter contents are stored when a trap occurs on this
particular channel and that cpu control is transferred
to B4-1. suB is the entry point for the subroutine that
the channel requests the cpu to execute.

COMMAND  ADDRESS COMMENT
XMT B-+1,,1 Moves the following TRA to location B+1.
TRA SUB
TWT Y Transfers control to CPU at location B+1.

Execution. When the Ttwr is decoded, the wait in-
dicator is turned on, the channel trap demand is in-
itiated, and the channel waits. The command counter
is not changed and the address counter contains Y.
If the TwT is indirectly addressed, the address counter
contains the contents of the address portion of lo-
cation Y.

LIP — Leave Interrupt Program

oo [ P

$,1 3 1819 20 35

Description. This command causes the channel to
transfer control to the location contained in the ad-
dress part of the channel’s fixed “interrupt-to” loca-
tion. The channel command counter is set to the
value in the address portion of this fixed location.
Execution of the Lip also cancels the inhibiting effect
of a previous interrupt.
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Execution. The interrupt and check condition indi-
cators are reset and the contents of the address por-
tion of the fixed interrupt-to location are entered in
the command counter. The contents of the location
specified by the command counter are loaded into the
operation register, word counter, and address counter.
The command counter is stepped to the location of
the next command.

LIPT — Leave Interrupt Program and Transfer

[T A\))NNNFIR Y

5,123 1718192021 35

%

Description. Execution of the LiPT command can-
cels the inhibiting effect of a previous interrupt and
transfers channel control to location Y. Use of the
LIPT permits returning from the interrupt subroutine
to a program location other than the interrupt ad-
dress.

Execution. When an riptr command is executed, the
interrupt and check condition indicators are reset and
the channel proceeds to location Y for its next com-
mand. The command located at Y is loaded into the
channel and the command counter is increased to

Y--1.

ProGrRAMMING EXAMPLE OF LipPT COMMAND

INSTRUCTION

LOCATION OR COMMAND ADDRESS COMMENT
100 XMT RSTRT,,1 Store return address in
101 PZE 102 indirect address re-

start location.
102 CTLR DVTN Read 30 words using
103 CPYP BEGIN,, 10 track with no ad-

104 CPYD END,, 20 dresses.

RSTRT is a location used to store restart addresses.
The xMT command stores pze 102 at location RSTRT.
Assume that an 1-o check occurs during the cpyp com-
mand. The channel initiates a disconnect and inter-
rupts. The command counter contains 104, the loca-
tion of the next command. If the error routine
decides to try again, an Lip command cannot be
conveniently used, because the channel leaves the
interrupt routine and transfers to location 104. A
sequence check would occur followed by another in-
terrupt.

If the interrupt routine is ended with an indirectly
addressed rLipT command (LIPT RSTRT,4), rather than
a vIp, the channel returns to the cTtLR command and
retries the failing section of the program.



IBM 7909 Data Channel Command Bit

Configurations
S12319 Command
01000 CTL Control
01001 CTLR Control and Read
601010 CTLW  Control and Write
01011 SNS Sense
01100 LAR Load Assembly Register
01101 SAR Store Assembly Register
0o1110 TWT Trap and Wait
11001 LIP Leave Interrupt Program
11010 TDC Transfer and Decrement Counter
11011 LCC Load Control Counter
11100 SMS Set Mode and Select
000%Z0 WITR Wait and Transfer
000 % 1 XMT Transmit .
001 % 0 TCH Transfer in Channel
001 % 1 LIPT Leave Interrupt Program and Transfer
100 %0 CPYP  Copy and Proceed
101 % 0 CPYD  Copy and Disconnect
101 % 1 TCM Transfer on Condition Met
111 /Z 1 IcC Insert Control Counter
IBM 7631 File Control Order Bit
Configurations
Num
2 3 4 5(8 91011 Code Order
1010|101 0| 00 DNOP No Operation
1 01 0|01 00| 04 DREL Release
101 0|1 00 O 08 DEBM Eight-Bit Mode
1010|100 1| 09 DSBM Six-Bit Mode
10001 01 0| 80 DSEK Seek
1000|0071 0] 82 DVSR Prepare to Verify (single record)
1 000(0 01 1| 83 DWRF Prepare to Write Format
1 000|010 0| 84 DVIN Prepare to Verify (track with no addresses)
1 000{01 0 1|85 DVCY Prepare to Verify (cylinder operation)*
1 000{01 1 0] 8 DWRC Prepare to Write Check
1 000]01 1 1{ 87 DSAI Set Access Inoperative
1 000|171 00 0 8 DCTA Prepare to Verify (track with addresses)
1000|100 1| 8 DVHA Prepare to Verify (home address)

* Optional Feature

IBM 7640 Hypertape Control Order
Bit Configurations

Numeric  Mnemonic
2(3{4|5 |8/2)1011 Code Code
Hojto |10 1(0 00 HNOP
110|1{0 |0j0| O} 1 01 HEOS
110{110 [0j0| 1|0 02 HRLF
HO|1i6 (0[0f 1|1 03 HRLN
110{1i0  {0j11 01 05 HCLN
110{110 {0{1{ 1|0 06 HSEL
11011{0  [0j1| 1|1 07 HSBR
olojijo j1jojo0y0 28 HCCR
0|0j1[1 110(1}0 30 HRWD
0|01 0001 31 HRUN
o|oj1[1 ojoj1:0 32 HERG
olo|11 0|0 11 33 HWTM
0|0|1[1 oj1{o|o0 34 HBSR
0|0[11 01{0]|1 35 HBSF
0|0[1|1 ojt|1o0 36 HSKR
0011 o1 1|1 37 HSKF
0|o|11 110{ 0|0 38 HCHC
0[0|1{1 1101 0] 1 39 HUNL
oj1{ojo (ojoj 10 42 HFPN

Orders
No Operation
End of Sequence
Reserved Light Off
Reserved Light On
Check Light On
Select
Select for Backward Reading
Change Cartridge and Rewind
Rewind
Rewind and Unload Cartridge
Erase Long Gap
Write Tape Mark
Backspace
Backspace File
Space
Space File
Change Cartridge
Unload Cartridge
File Protect On

Systems Program Compatibility

704 Programs on 7090 System

The compatibility 11 program makes possible the
execution of programs written for a 704 system on
the 7090 system. The compatibility program simulates
704 input-output operations through use of the
storage-nullification, input-output select trap, and
copy trap modes. The program requires no modifi-
cation of the 7090 on which it is used; however, it can-
not be used on a 7090 system with less than 8192 words
of core storage. Also, if the last location of a 704
high-end loader contains a copy, the instruction
counter (40000) is stored at address 40000 and the
subsequent ESNT results in a halt.

Compatibility 11 executes a leave floating-point trap
mode (LFTM) instruction before entering a 704 pro-
gram, in order that overflow will function as on a
standard 704. Computations are not affected in any
other way. The program is designed to use all of the
upper half of storage. Some of these locations are
used for storing the program itself; the rest are used
as an input-output buffer between the 704 program
and tape or card units, and, if required, for simulat-
ing magnetic drums. All locations of the upper half
of storage not used for the compatibility program in-
structions or for drum simulation are used for the
input-output buffer.

Before a 704 program can be processed, a control
card must be read. This control card indicates the
7090 equivalents of the 704 tapes used in the process-
ing of the 704 program. After the control card is read,
the compatibility program enters select trap, copy
trap, and storage nullification modes and simulates a
load card, load tape, or load drum operation depend-
ing on the setting of the console entry keys. Until the
completion of the 704 program, input-output opera-
tions are simulated through use of the select trap and
copy trap modes of operation. (All other instructions
are compatible with the 7090.)

See IBM 709 Data Processing System Bulletin,
J28-6039 for a complete explanation.

709 Programs on 7090 System

Programs written for the 709 may be run on the 7090
without modification or sacrifice in efficiency and still
take advantage of the increased system speed. There
are, however, differences which are potential areas of
incompatibility. These are:

1. Read or write drum instructions will be trapped
if an ESTM instruction has been executed. cpy, cAD,
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and LpA instructions will be trapped if an Ecrm is
executed. When the instruction is not trapped, the
I-o indicator will be turned on and the instruction will
be treated as a no-operation. crr instructions may be
trapped but will always give an 1-0 check indication.

2. It is usually possible to simulate the drum on
the 7090 system by using the 704 compatibility fea-
ture. If, however, the 709 program uses data chan-
nel traps, difficulty may be encountered if traps occur
while the compatibility program is being executed.
This will result in returning control to the 709 pro-
gram without allowing the 7090 to set proper operat-
ing modes.

3. The change in the ratio of compute speed to
input-output speed will affect programs that depend
upon computed delays for satisfactory operation.
Since the 7090 is faster than the 709, difficulty will
occur only in cases where “‘shrinkage” of a delay loop
can cause trouble. For instance, a program may as-
sume that certain storage locations may be changed n
machine cycles after a write tape instruction. Thus,
if that area is used without making a test, the 709 and
7090 may not write the same data.

4. To achieve compatibility, the 7090 system must
have the same complement of data channels, tape
units, and card equipment. Further, these units must
be arranged in the same way with regard to address-
ing.

5. Since magnetic tape may be recorded at two den-
sities on the 7090, provision must be made to set up
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the tape units for the particular density required. This
may be done by use of the change density switch
located on each tape unit or by the spN instruction.

7090 Programs on 709 System

To run a 7090 program on a 709, the same general
precautions observed with a 709-t0-7090 program
must be used. Instructions pertinent to the 7090 only
(instructions referring to channels G and H) will
cause the 709 to hang up.

Inasmuch as the computed delays will be much
longer when 7090 programs are run on a 709, trouble
will be encountered whenever some critical timing
may not be exceeded. For example, if the maximum
allowable number of 7090 instructions are executed
between select and reset and load instructions, an 1-0
check will result when this program is run on the 709.
This is essentially the inverse of the problem en-
countered when 709 programs are run on a 7090.
Again, the size and configuration of the systems must
be the same. It is possible, however, to write pro-
grams for 7090 systems which are not attainable with
the 709. This will occur because a 7090 data channel
has more than eight tape units, the 7090 system uses
channels G and H, and card equipment on the 7090
may appear on channels B, D, or F.

Since the 709 does not have dual-density tape units,
all programs will produce low density tape as output
and must have low density tape as input.



The 7909 Data Channel is capable of interrupting
its stored program independently of the main com-
puter and other data channels. This operation is
separate and distinct from a data channel trap—
which interrupts the cpu—and represents another
significant departure from 7607 Data Channel opera-
tion. On recognition of an interrupt condition, the
7909 channel stores the contents of the command and
address counters in a fixed location and then executes
the command located in another fixed location. This
process is termed interrupt.

If the 7909 channel is to be diverted from normal
command execution sequence, the command in the
fixed location must be one that will change the con-
tents of the command counter (TCH, LIPT, OF SUCCESS-
ful Ttoc or tem). If this command is other than a
successful transfer, the channel executes it and re-
sumes operation at the location immediately following
the location where the interrupt occurred. If the
command at the fixed location is a WTrR or TWT, the
channel suspends operation as described in the chan-
nel command section, but the command counter
contains the location plus one of the command re-
sponsible for the interrupt. The channel interrupt
locations are assigned as follows:

STORE OBTAIN
CHANNEL COMMAND COUNTER AT NEXT COMMAND FROM
A 00042 00043
B 00044 00045
Cc 00046 00047
D 00050 00051
E 00052 00053
F 00054 00055
G 00056 00057
H 00060 00061

When the 7909 interrupts, the command and ad-
dress counters are automatically stored in the assigned
fixed core storage location. The address counter is
stored in positions 3-17 and the command counter in
positions 21-35 of this location.

Interrupt conditions are stored in a six-position
register in the data channel and may be examined
with the TcmM command. Any combination of inter-
rupt conditions causes an interrupt; however, once
interrupted the channel is placed in interrupt mode
and further attempts to set the interrupt condition
or to interrupt are inhibited. The channel remains
in interrupt mode until an LIP or LIPT command is

Inferrupt

executed by the channel or an RrIc instruction is ex-
ecuted by the cpu. If a channel is in interrupt mode
and an rsc instruction is executed by the cpu before
the channel executes a Lip or LIPT command, the in-
terrupt condition register is reset but the channel
remains in interrupt mode. An LIP or LIPT command
or a Ric instruction is the only program means avail-
able to cause the channel to exit from interrupt mode
and become receptive to further interrupt conditions.

Interrupts are also inhibited if channel trap is in
process on that channel. This inhibiting persists until
either an rsc or stc instruction (depending on wheth-
er the channel was enabled) is executed by the cru
(see “TwT Description”).

Interrupt Conditions

Interrupt indications are stored in a six-position reg-
ister in the data channel. The contents of this regis-
ter may be examined by the TcM command. The posi-
tions of the register and the conditions they reflect are:

POSITION CONDITION

Input-Output Check
Sequence Check
Unusual End
Attention 1
Attention 2

Adapter Check

S T 08 N =

Input-Output (I-O) Check

This condition occurs when the channel fails to ob-
tain a storage reference cycle in time to satisfy de-
mands of the attached 1-o device. The condition is
also monitored in the cpu and reflected by the 1-0
check light. The condition of the light may be tested
by the cpu, using the 10T instruction. The input-out-
put test (10T) instruction execution turns the 1-0
check light off in the cpu but will not affect the 7909
-0 check indicator. The channel 1-o check idicator is
turned off when an L1P or LIPT command is executed
or when the cpU executes an RsC or RIC instruction.

The channel 1-o check indicator being on indicates
one of the following conditions:

1. During a write or control operation, the channel
data register has not been loaded with a word from
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core storage by the time its contents are to be sent to
the adapter.

2. During a read or sense operation, the channel
data register has not been stored by the time new data
are completely assembled in the assembly register.

When an 1-o channel check occurs, the adapter is
disconnected and an interrupt occurs when the END
signal is received from the adapter. The command
counter contains the location plus one of the present
command. The address counter contains the location
plus one or two of the last word transmitted if the
operation was a write or control, or the location plus
one of the last word transmitted if the operation was
a read or sense.

If an 1-0 check occurs while the channel is in inter-
rupt mode, the 1-0 check is not recognized and is not
saved.

Sequence Check

A sequence check indicates an invalid sequence of
channel commands. Improper command sequences
occurring while the channel is in interrupt mode may
cause the 7909 to hang up. If a sequence check occurs
during data transmission, the adapter is logically dis-
connected and the interrupt occurs when the Enp sig-
nal is received. In general, data transmission (read,
write, or sense operations) may be started by one of
the following sequences: a cTrr followed by a cpyp, a
crLw followed by a cpyp, or an sns followed by a
cpyp. Once transmission has been started with a
cpyP, it must be ended with a cpyp. Between the first
ceyp and the cpyp, transfers are possible but only
three commands (cPyPp, TcH, or TpC) are permitted.

The following conditions cause a sequence check
and a channel interrupt:

1. If a cTLw, CTLR, or sNs is followed by crL, cTLW,
CTLR, WTR, TWT, OI $NS.

2. If an sns or cpyp is followed by any command
other than a cpyp, CPYD, TCH, or TDC.

3. If a TcH or Toc following an sns or cpyp trans-
fers control to any command other than a cpyp, cpyp,
TCH, Or TDC.

4. If a cpyp or cpyp has not been properly pre-
ceded by a cTLW, CTLR, or sNs.

Unusual End

An uNusuaL END indicates an error condition recog-
nized by the adapter. This condition causes an im-
mediate interrupt. The reason for the UNUSUAL END
may be determined by sensing the adapter error indi-
cators ( see “sNs — Sense Command”).
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UNUSUAL END interrupts may be disabled by the sms
command with a 1-bit in position 32. If UNUSUAL END
signals are inhibited and an UNUSUAL END is received,
it is treated as a normal END but the UNUSUAL END indi-
cator is set. A later smMs with a 0-bit in position 32
does not reset the indicator and, if not reset by other
means —such as an LIP or LIPT command or an RIC
instruction — the next END signal (normal or unusual)
received from the adapter causes an interrupt.

If an -0, sequence, or adapter check occurs during
a data transmission operation, the operation is imme-
diately ended with a stop signal and an interrupt
occurs when the END signal is received. If an uNUsUAL
END occurs when transmission is ended, this condition
is recognized. The channel does not interrupt twice
but has both error indications available for examina-
tion during the interrupt routine. Data read or writ-
ten during an operation that ended with an interrupt
may be incomplete or invalid.

Attention Conditions

This is a signal indicating a change in status of the
attached input-output device. During disk operations,
an attention signal is generated when an access mech-
anism has completed a seek operation. The particular
access mechanism that generated this indication may
be determined from sense data.

The single attention indicator in the adapter, com-
mon to all access mechanisms, is reset when the 7909
interrupts. The individual access bits are reset by
giving a read, write, or control command to the in-
dividual access address.

There are two attention indicators in the 7909. At-
tention 1 indicates a signal from the device attached
to position 1 of the data channel switch feature; at-
tention 2 indicates a signal from the device attached
to position 2.

Either or both attention interrupts may be disabled
with the sms command. If attention interrupts are
inhibited, the status indicator is set but no interrupts
occur and no attention response is sent to the adapter.
When an sms that enables an existing attention indi-
cator is executed, the interrupt occurs at termination
of the sms, and the attention response is sent to the
adapter.

Attention interrupts are serviced only at the logical
termination of the command during which they occur.
The logical termination of a read or write operation
is the disconnect resulting from a cpyp. Attention sig-
nals occurring while the channel is in interrupt mode
do not set the status indicators; however, a second
interrupt, to service the adapter attention signal,
occurs as soon as the channel leaves the interrupt



mode. In this case, the channel executes the com-
mand following the Lip or LIPT command before in-
terrupting on the second attention signal.

Adapter Check

An adapter check indicates an error recognized by the
7909 and does not necessarily indicate an adapter
malfunction. Conditions causing an adapter check
are:

1. Circuit failure occurs in the 7909 assembly ring
or character ring (Figure 62).

2. The character rate of the attached 1-o0 device ex-
ceeds the capability of the channel.

3. The adapter is not operational. This type of in-
dication occurs if power is off on the adapter and an
attempt is made to read, write, control, or sense. On
shared disk storage systems, this indication occurs if
an attempt is made to read, write, control, or sense
and the adapter is in operation on the sharing system.

It an adapter check occurs while the adapter is se-
lected, the adapter is logically disconnected and the
interrupt occurs when the END signal is received.
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Input-Output Components

Magnetic Tape Units

As many as ten 1BM 729 II, IV, V or VI Magnetic Tape
Units can be connected to each 7607 Data Channel on
the 7090 system. Tape units may be intermixed, as
to type, on the 7090 without addressing changes.

Character Alteration in BCD Mode

As six-bit Bcp characters are read from magnetic tape,
the zone bits of some of the characters are altered.
This alteration is performed so that the digits 0-9 and
the characters A-Z are represented in core storage by
six-bit binary numbers of increasing magnitude. The
alteration of these zone bits is:

IN CORE STORAGE ON TAPE
CHARACTERS BA BA
Numeric 00 00
Atol 01 11
JtoR 10 10
StoZ 11 01

The digits 1 through 9 are represented by the six-
bit binary numbers 000001 through 001001; that is, by
their exact values as binary integers. Thus, the zone
part of the digits is 00. The number zero is repre-
sented on magnetic tape by the bit configuration
001010. This representation is automatically altered
to 000000 during reading in the Bcp mode.

Figure 60. 18M 1301 Disk Storage
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During writing in the Bcp mode, the alteration pro-
cedure is reversed so that the storage Bcp characters
are transformed to the Bcp tape format by the tape
control. In writing, the tape control automatically
performs the modifications described but does not
check whether the six bits being transmitted form a
legitimate Bcp character. Thus, if binary numbers
are written in the Bcp mode, both a pure zero and the
number 10 (001010) are recorded on the tape as the
BCp zero character (001010). Also, the integer 15
(001111) is identical to the Bcp tape mark, signifying
an end-of-file condition. Therefore, random binary
data should not be recorded in the Bcp mode.

In addition to alphabetic and numeric characters,
the Bcp format provides for punctuation marks and
other special characters. Included is the scp character
“blank,” which suppresses printing or punching in
any desired position during auxiliary operations.

Detailed magnetic tape unit descriptions are in the
Reference Manual, IBM Magnetic Tape Units, Form
A22-6589.

Disk Storage

The 18m 1301 Disk Storage and 18m 7631 File Control
(Figure 60) are available as an optional feature on
all 1BM 7090 Data Processing Systems. As many as five



disk storage units may be attached to one or two file
control units. The 7631 is available in four models:

Model 1: Used with 1410 Data Processing Sys-
tems.

Model 2: Used with 7070, 7074, 7080, 7090, and
7094 Data Processing Systems.

Model 3: Used when disk storage is to be shared
by a 7000 series system and a 1410
system.

Model 4: Used when disk storage is to be shared
by any two 7000 series systems.

Disk storage units may be attached to a 7090 sys-
tem as shown in Figure 61. Other arrangements may
be made by using two file control units and two 7909
data channels. For example, three disk storage units
may be attached to one file control (and its 7909 data
channel) while one or two disk storage units are
attached to another file control and its 7909 data
channel. Normal data channel addresses are used
and, therefore, no more than eight data channels
(7607 and 7909) may be used with any one 7090
system.

Each of the five possible 1301 units may have two
modules. Within a 1301, the lower module is num-
bered 0 and the upper module is numbered 1. To the
computer, the ten modules are numbered 0 through 9.
The access mechanism of each module is numbered 0.
A combination of these two numbers is used to select
a module and an access. For example, the upper mod-
ule of the third 1301 in a system is addressed by the
number 05.

7100 Central Processing
Unit

[

In writing a format track, inter-record gaps are 12
characters long. On the format track, address and
data areas must have the exact character count that
will be recorded in the data area, because zero char-
acters are written on the data track for every unused
character position on the format track.

Data leave and enter the 1BM 7090 as six 6-bit char-
acters in both six-bit or eight-bit mode. When the
system is writing in eight-bit mode, two zero bits are
added to each character as it is recorded on the disk
surface. When the system is reading in eight-bit
mode, the same two bit positions are dropped in the
data channel and only the six-bit character is read
into storage.

Transmission of data to and from disk storage is
accomplished by data channel commands. Data trans-
mission is similar to that used by the 7607 channels,
except that read and write operations are decoded in
the 7909 channel rather than in the central processing
unit. Disk control operations that do not require data
transmission are accomplished by sending an order to
the file control, where it is decoded and executed. A
complete description of these orders and their opera-
tion is in the General Information Manual, IBM 1301
Disk Storage with IBM 7000 Series Data Processing
Systems, Form D22-6576-2.

Data Flow

Figure 62 is a simplified flow chart showing 7909 Data
Channel registers and data switches concerned with
data flow.
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Figure 61. 1M 7090 System with 1M 1301 Disk Storage

i

7607 11 Data Channel

|

Tape
Units

Input-Output Components 81



Storage Bus Switches: These 36-position switches
provide the data path to and from the 7606 Multi-
plexor for data and command entry into the 7909.

Data Register: This 36-position register is a buffer
register for data flow between core storage and the
assembly register. During a write or control opera-
tion, the data register is loaded with the next data
word to be sent to the adapter. On a read or sense
operation, the input data are kept in the data register
until the data can be placed in core storage.

Assembly Register: This 36-position register assem-
bles and disassembles data passing between the 7909
and the adapter.

Channel Address Switches: This 15-position switch
provides the 7606 with address information. The next
word needed by the 7909 is obtained by directing the
address counter to the channel address switch if data
are to be transmitted or by directing the command
counter to the channel address switch when a new
command is required.

Operation and Control Registers: During a com-
mand word cycle, the storage bus switches are directed
to the operation register, word counter, and address
counter. Positions S, 1, 2, 8, and 19 enter the opera-
tion register. These five bits are decoded and pro-
vide the 7909 with its next command. Positions 21-35
enter the address counter. During data operations,
the address counter contains the location of the next
data word. During transfer type commands (TcwM,
TDC) , the address counter contains the location of the
next channel command. Positions 3-17 enter the word
counter, which is used to control the number of words
passed between the 7909 and core storage.

7606 MULTIPLEXOR

Command Counter: The 15-position command
counter contains the location of the next 7909 com-
mand. The first operation performed during all com-
mand execution—except WTR and TWT—is to step the
command counter to the next sequential command lo-
cation. The command counter is reset and reloaded
by execution of an Rrsc, TCH, LiP, LIPT, or successful
TCM or TpC command.

Character Ring: The character ring completes a
cycle for each character transmitted. Its main use is
to synchronize character-bit transmission.

Assembly Ring: The assembly ring is a character
counter and gates data into or out of the assembly
register as required. During data operations, data are
sent to or received from the adapter, one 6-bit char-
acter at a time, through the character switches.

IBM 7909 Data Channel Switch Optional Feature

The 1BM 7909 Data Channel Switch permits simultan-
eous attachment of one or two input-output control
units to one 7909 Data Channel. One 1BM 7631 File
Control and one 1BM 1414-6 Input-Output Synchro-
nizer may be attached to one data channel as shown
in the flow chart:

IBM 7909 Data Channel
Position 1 Position 2
A 4
Y A4
IBM 7631 File IBM 1414-6
Control Input - Output
Synchronizer

1

Storage Bus
Switches

i

Channel Address
Switches

(I —

A
Y

4 ¥ v v Y
Character Data Operation Word Address Command
Ring Register Register Counter Counter Counter
Assembly Assembly Control 7909 DATA
Ring Register < Counter CHANNEL
Character
Switches

INPUT-OUTPUT ADAPTER

Figure 62. 18M 7909 Data Channel Data Flow

82 1BM 7090



When the 7909 is equipped with the channel
switch, data transmission occurs between the 7909 and
one of the control units. Attention signals, however,
are monitored from each control unit simultaneously.
The 7909 is then able to select the control unit and
determine priority of attention requests by means of
its own stored program.

UNUsUAL END and 1-0 check signals apply only to
that control unit currently selected. Indicators are in-
cluded to record attention signals from the non-
selected control unit and to denote which control unit
is currently selected. Attention interrupts occur on
signal from either or both of the control units and
are subject to the same limitations (described earlier)
as without this feature.

IBM 7909 Data Channel BCD Translation Optional
Feature

This feature provides automatic Bcp translation for
information transmitted between the input-output
adapter and the 7909 Data Channel. After execution
of an sMs command (with a 1-bit in position 31) data
transfers between the 7909 and the adapter are trans-
lated as shown in the table that follows. Control and
sense data are not translated. An sMs command with a
0-bit in position 31 returns data transfer mode to
binary.

This feature allows the 1BM 7090 system to share
data recorded in disk storage with other systems
when using a shared disk file. Translation of data is
shown in the following table with the characters di-
vided into their bit configurations; each character is
shown as it appears in core storage and on disk
storage:

Core Storage Disk Storage
B A 8 4 2 1 B A 8 4 2 1
0 0 0 0 0 O o 0o 1 0 1 O
0o 0 1 0 1 O o 1 0 0 0 O
0 0 (other) 0 O (no change)
0 1 (any 1 1 (no change)
1 0 (any) 1 0 (no change)
1 1.0 0 0 O 0 0 0 0 0 O
1 1 (other) 0 1 (nochange)

With the translation feature enabled, binary data
may be written in Bcp format and recovered by read-
ing in the Bcp mode.

Home addresses and record addresses may be writ-
ten using Bcp format. This automatically provides the
Bcp format required in all address areas. Note, how-
ever, that subsequent attempts to verify an address
written in Bcp format will fail unless the adapter or-
ders are program-modified to conform to disk storage
Bcp codes. Information sent to the adapter during a
control operation is not translated whether in Bcp

mode or not. This 1s a restriction only where portions
of the address are alphabetic characters. Numeric ad-
dresses must always be expressed in Bcp format.

IBM 7340 Hypertape Drive

The 18BM 7340 Hypertape Drive (Figure 63), with the
1BM 7640 Hypertape Control, introduces a new con-
cept in magnetic tape devices. Advantages of the 7340
tape system are:

Character Rate: As many as 170,000 alphameric
characters or 28,330 words per second.

Reel Capacity: In some applications, more than
twice that of 729 v reels (recorded at high density)
even though a reel of 7340 tape is 600 feet shorter.

Cartridge: Machine and file tape reels contained in
a cartridge; result is faster loading and unloading of
tape without manual threading of the tape.

Read Backward: Allows a recorded tape to be read
backward and eliminates necessity of a rewind opera-
tion between successive reads of the same recorded
tape.

Faster Access: Average access to records in 4.2 milli-
seconds.

ONN 1 1 1 1 [:-] JEges

Figure 63. 1M 7340 Hypertape Drive
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Checking: Automatic detection of all data errors.
Automatic correction of all single-bit errors and most
double-bit errors.

File Protection: Cartridge file-protect device under
program control.

A tape character consists of the information record-
ed in a bit-wide column across the ten tracks, perpen-
dicular to the edges of the one-inch tape used by the
1BM 7340 Hypertape Drive. When the 7340 is used
with the 7090 system, eight of these tracks are used,
six for data recording and two for error detection and
correction. The remaining two tracks are not used
with the 7090 system. Tape track assignments on the
7340 for both Bcp and binary codes are:

BCD Code Binary Code
Check {CO co CoO Co Co cCo CO} Check
Bits Cl Cl C1 C1 C1 C1 C1f Bits
Not used - == == == == == ==7 Not used
with 7090 -~ - == == == - ——} with 7090
B S 6 12 18 24 30
A 1 7 13 12 25 31
Data 8 2 8 14 20 26 32| Data
Bits 4 3 9 15 21 27 33 Bits
2 4 10 16 22 28 34
1 5 m 17 23 29 35

Complete operational characteristics of both the 1BM
7340 Hypertape Drive and M 7640 Hypertape Con-
trol are in the IBM 7340 Hypertape Drive Reference
Manual, Form A22-6616.

The 1BM 7340 Hypertape Drive and 18m 7640 Hy-
pertape Control are attached to the 7090 System as
shown in Figure 64. The 7909 Data Channel is a
single-channel device, while the 7640 control is a two-
channel device; therefore, simultaneous read-write op-
eration requires that the 7640 be attached to two
7909 Data Channels. As many as ten 7340 drives may
be attached to each channel of the 7640, making a
possible total of 20 drives per 7640 control.

IBM 7606
Multiplexor
Y . v
IBM 7909 IBM 7909 IBM 7607
Data Channel Data Channel Data Channel
L 1} ¢
IBM 7640 1BM 729
Control Tape Units
and Card
+ T C Equipment
IBM 7340 1BM 7340
Drive Drive

Figure 64. 18M 7090 System with 18M 7340 Hypertape Drive
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Tape Motion and Markers

A single capstan moves the tape forward or backward
at 112.5 inches per second. Rewinding occurs at 225
inches per second with tape in the vacuum columns.

Three markers appear on the tape to set off the
recording area from the physical ends. About 25 feet
from the physical beginning of tape is a marker called
the beginning of tape (sot). The BoT is adjacent to
the machine edge of the tape.

About 25 feet from the physical end of tape is an-
other marker called the end of tape (rotr). The EOT
is the same size as the BoT but is located midway be-
tween the edges of tape. Tape motion stops immedi-
ately when the machine detects the EOT.

Because the 7340 cannot move tape forward past
the EoT, a third marker, called the end warning area
(Ewa) marker precedes the EoT on tape by about 40
feet. The Ewa marker is located adjacent to the edge
of tape nearest the operator. When tape is being writ-
ten, detection of the Ewa does not stop tape motion
but signals the end-of-tape condition.

Optional Features

Two optional features are available for use on the
1BM 7909 Data Channel.

Read Backward Character Assembly and Storage
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