























e Buffer Word Count: This field
specifies the number of single
length words to be transferred
during the selected input data, out-
put data or output external func-
tion operations. The buffer word
count is decreased by one for each
word count. The maximum number
of transfers in any one buffer is
4096.

The buffer address pointer is stored in
location 1 and specifies the memory
address for the next input data, output
data or output external function transfer.
The contents are increased by one when-
ever the byte pointer bit changes from 1
to 0. For each 16-bit word transferred,
the contents are increased by one.

The chain address pointer is stored in
location 2 and specifies the address of the
next chaining instruction to be executed
for that channel. When a chaining instruc-
tion is obtained from memory, the con-
troller increases the chain address pointer
by one for single length instructions and
by two for double length instructions.
When the operations required for the
current chaining instruction are com-
pleted, the controller automatically
retrieves the next chaining instruction
from the memory location indicated by
the up-dated chain address pointer. The
controller then interprets the instruction
and performs the operation indicated.

The controller performs channel related
functions according to channel priority
_first and function priority second. The
order of priority is channel zero (0)
lowest and channel 15 highest. Controller
functions are assigned priority as follows:

e Command instructions in response
to request of the central processor
(not channel related).

e External interrupt input (channel
related).

e Input data, output data, output
external function or chaining in-
struction depending on established
activity of the chain for a channel.

1/O Interface

Bit-parallel communications between the
I/O and CO Controllers and external
equipment are carried on in a parallel

mode over the input/output channels
(Figure 6). Bit-serial transfers are made
via a single coaxial cable.

Input Channels

The input channels carry both data and
external interrupt information from ex-
ternal equipment to the computer. Input
data information transfers are controlled
by buffer control words in the control-
ler’s control memory. External interrupt
information originates at the external
equipment and usually informs the com-
puter of a necessary real-time transfer or
of an abnormal condition such as tape
breakage or incorrect parity.
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Output Channels

The output channels are used to transmit
data, and external function code and
commands from the computer to external
equipment. Both types of transfers are
controlled by buffer control words stored
in control memory. External functions,
transmitted through the data lines, are
used for external equipment control such
as turn off reader, rewind tape, or turn on
typewriter. Only one output mode,
output buffer or external function buffer,
can be active at one time. Initiating an
output buffer will cancel any external
function buffer on the same channel, and
initiating an external function mode will
cancel any active output buffer on the
same channel.

Transfer Operation

Buffered 1/O operations are initiated by
the central processor’s executive program.
Each time the executive program is called
upon to initiate an input or output buffer
it must command the controller to ex-
ecute a chain of instructions that:

e Activates the selected channel and

defines the buffer area in main
memory.
e Commands the external device

connected to the channel to per-
form the operations required for
accomplishing the specified type of
transfer.

e Stops the chain (terminate chaining
action) and/or interrupts the pro-
cessor upon completion of the
buffer (buffer monitor interrupt).

For example, to illustrate the interaction
between the central processor‘, controller
and memory during a buffered 1/O oper-
ation, assume that a buffer output data
transfer is to be initiated via the control-
ler's channel 2. Refer to Figure 7 during
the following discussion.

Prior to initiating any transfer action, the
processor’s executive program must first
place the current commands, chain in-
structions and data in the proper loca-
tions in memory. Four memory locations,
referred to as command cells, are assigned
in memory for each of the possible four
controllers. The command cell addresses
hold the first instruction which the con-
troller will execute when initiating a data
transfer.

As shown in Figure 7, the memory
addresses of the command cell for con-
troller O in this example, are 140 through
143. The executive program loads cell
locations 140 and 141 with the double-
length Initiate Chain instruction (code 71
RK, a=2, m=0). The a designator of the
first word (location 140) specifies chan-
nel 2; the contents of vy (in location 141)
is the chain address pointer and it speci-
fies the address of the first instruction (in
main memory) of the program chain for
channel 2.

For this example, assume that the pro-
gram chain contains the following in-
structions:

y: 70 RX a=2 (EF)

y+1: BW 10 1 word

y+2: EF word address

y+3: 70 RX a=0 (Input data)

y+4: 0 W01 50 words (80 bytes)
y+5:._ Input word address

y+6: 73 RR a=1 (Interrupt)

y+7: 73 RR a=0 (Terminate chain)

To initiate the buffer transfer, the pro-
cessor's executive program issues a code
35 instruction which specifies controller
0 and sets its command line.

e Controller O reads its command cell
in memory. The stored double
length code 71 RK instruction (In-
itiate Chain) specifies the control-
ler’'s input/output channel (2 -
specified by the a designator) and
the chain address pointer, v.

e Controller transfers the chain ad-
dress pointer y to the channel 2
control memory location 2 and ac-
tivates the chain for channel 2.

e The controller reads the instruction
from location y (code 70 RX,
Initiate Transfer, double length).
The contents of y+1 and y+2 are
transferred to the controller’s



memory locations O and 1 which
are assigned for channel 0. Location
0 contains the buffer control word
and location 1 specifies the mem-
ory address of the first buffer word
(this will be an external function
word). When the contents of y+1
and y+2 have been transferred to
control memory, the channel 2 ex-
ternal function buffer (a=2) is acti-
vated. At this time, the chain
address pointer will have been ad-
vanced by three (3).

Channel 2 is now ready to perform
the first transfer when enabled by
the priority scan circuits. When
priority is granted, the buffer trans-
fers the first 16-bit word from the
external function address specified
by the buffer address pointer.

When the word is transferred, the
chain pointer (having been ad-
vanced by three, addresses y+3
which specifies input data. The
instruction in y+3 instructs the
controller to transfer the contents
of y+4 and y+b to the control
memory locations O and 1 respect-
ively and activates the data input
buffer on channel 2. (Location O,
the buffer control word, specifies
the transfer mode, whether byte
transfer, and the word count.

The chain stops until all input
words are transferred. Since byte
transfers were initially indicated,
the B-bit in location O is toggled
and the word count is decreased by
one each time B changes from 1 to
0. When the word count reaches
zero, the buffer terminates.

When the buffer terminates, the
channel 2 chain is reactivated and
the controller reads out the instruc-
tion from y+6 (Instruction Halt/
Interrupt 73 RR, a=1). Since a=1,
the controller sends an Interrupt to
the processor stating, in this case,
that the buffer has been completed.
The controller then reads instruc-
tion code 73 RR, a=0, from loca-
tion y+7. Since a=0, the controller
terminates the chain.

Figure 7. Main Memory and Control Memory Storage Areas
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Computer to Peripheral 1/0 Sequences

The sequence of events for the two cases
of bit parallel communication between
the computer and peripheral equipment
is given below. The order of steps a. and
b. may be interchanged when an input/
output or external function buffer is
initiated.

Data Input

Normal input sequence for data transfer
to the computer with peripheral equip-
ment is as follows:

a. Controller initiates input data
buffer for given channel;

b. Peripheral equipment places a word
of data on the Input Data lines;

c. Peripheral equipment sets the Input
Data Request line to indicate that a
word of data is on the Input Data
lines;

d. Controller detects the setting of the
Input Data Request line;

e. In accordance with internal prior-
ities, the controller reads the data
word which is on the Input Data
lines;

f. Controller sets the Input Acknow-
ledge line indicating that it has read
the data word on the Input Data
lines;

g. Peripheral equipment detects the
setting of the Input Acknowledge
ling;

h. The peripheral equipment may
clear the Input Data Request line
any time after detecting the setting
of the Input Acknowledge line, but
it must clear the Input Data Re-
quest before the controller will

recognize the next Input Data
Request;
i. Controller clears the Input Ac-

knowledge line before it reads the
next word on the Input Data lines.

Steps b. through i. of this sequence are
repeated for every data word until the
number of words specified in the input
buffer have been transferred.

Figure 6 also indicates similar sequences
for External Function and Interrupt
transfers.

Data Qutput

A normal output sequence for data trans-
fer from computer-to-peripheral equip-
ment (buffer mode) is as follows:

a. Controller initiates output data
buffer for given channel;

b. Peripheral equipment sets the Out-
put Data Request line when it is in
a condition to accept data;

c. Controller detects the setting of the
Output Data Request line;

d. In accordance with internal prior-
ities, the controller places a word of
data on the Output Data lines;

e. Controller sets the Output Acknow-
ledge line to indicate that a word of
data is on the Output Data lines;

f. Peripheral equipment detects the
setting of the Output Acknowledge
line;

g. Peripheral equipment may clear the
Output Data Request line any time
after detecting the setting of the
Output Acknowledge line but it
must clear the Output Data Re-
quest line before the controller will
recognize the next Output Data
Request;

h. Peripheral equipment reads the data
word which is on the Output Data
lines;

i. Controller clears the Output
Acknowledge line before it places
the next word on the Output Data
lines.

Steps b. through i. of this sequence are
repeated for every data word until the
number of words specified in the output
buffer have been transferred.

Computer to Computer Communications

Since many input/output channels of the
computer can be intercomputer channels,
it is possible for the UNIVAC 1616 to
communicate with a number of other
computers. The control signals and lines
governing intercomputer communication
shown in Figure 6 illustrate the interface
between two computers.

The control signals in the input cable are
the same for intercomputer communica-
tion as for communication with peri-
pheral equipment. In the output cable,
Ready and Resume signals are used to
control intercomputer transfer of data.
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PROGRAMMED I/0

Programmed input/output operations re-
quire direct central processor involvement
for each datum transfer. The byte-
oriented 1/0O transfers are handled by the
Processor-Peripheral (PC) Channel which
functions as a part of the central pro-
cessor.

1/0 Interface

The channel interface shown in Figure 8
provides the central processor with the
capability of communicating with a max-
imum of 256 external devices via a
maximum of sixteen control units. The
control units perform the necessary com-
mand interpretations and data manipula-
tion necessary for allowing the central
processor and the external devices to
communicate with each other. The chan-
nel also permits two central processors to
communicate with each other via a
channel-to-channel adapter. When a sys-
tem requires two central processors, the
channel permits sharing of either the
control units and/or, sharing of the ex-
ternal devices as shown in Figure 8.

Figure 9 illustrates the channel interface
signal lines. With the exception of the
Select Out line, no lines are unique to any
control unit. The Select Out line is
different in that it is looped through the
attached control units in serial order and
in a sequence conforming to the channel’s
priority scheme. Channel priority is oper-
ative during channel polling when the
Select Out is proportional through the
control units one by one. The unit which
first recognizes the signal and which has a
need for communicating with the channel
will capture the interface and make its
request known to the channel. Thus
time-sharing, or multiplexing, of the lines
is utilized so that communications may
be carried on with more than one control
unit.

Transfer Operation

All data transfers of the central processor
are buffered, utilizing main memory
locations for buffer control, the channel
interrupts the central processor program
and requests that it service the channel.
When the transfer is completed, the con-
trol unit relinquishes the channel and the
polling process is repeated. As mentioned
previously, a burst mode is provided
wherein the control unit is allowed to
retain channel control during transmis-
sion of a block of data.



EPILOGUE

Change generates change, and in no other
area is this more evident that in the field
of electronic data processing. Here, as our
skills increase, our needs multiply and our
systems grow in technological complex-

ity.

Changing world conditions create new
problems which require new solutions. A
large part of Univac’s reputation is based
upon its ability to detect customer needs
long before they become apparent — and
to react to them in a timely manner.
Univac has always supported a strong
internal research and advanced develo-
pment activity within its walls. As a
result, Univac has acquired the knowledge
and experience necessary for responding
to changing requirements in the field and
to create the new equipment necessary
for controlling the situation. The
UNIVAC 1616 computer reflects this
corporate committment; it is designed for
you — the ultimate user.

For additional information on what the
UNIVAC 1616 computer system can do
for you, contact your nearest Univac
representative or contact: Vice President
of Marketing, Univac, Univac Park, P.O.
Box 3525, St. Paul, Minnesota 55165.
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