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A COMPUTER DATA LINK "
FOR HIGH-ENERGY PHYSICS EXPERIMENTS"

Sypko W, Andreae

Lawrence Radiation Laboratory
University of California
Berkeley, California

Abstract

At LRI small computers are used on-line with high-
energy physics experiments. When the experimenter desires to
estimate the relative value of the experimental data, the neces-
sary analysis can only be performed on a large computer. Hence
the need arose for a fast two-way Data Link between one or more
small computers and a large computer.

The lack of interrupt facilities in the available large com-
puter and the necessity of using twisted-pair telephone lines both
posed unusual design problems. .

The main components of the Data Link are interfaces for
the two computers, a buffering and error-correcting system,
and a transceiver system using 1-mile-long telephone lines. A
unique demand and response system both maintains synchroniza-
tion and supports a highly accurate error-correction system.

Control words communicate word count, transfer direction,
etc., between the computer programs. Special high-reliability
pulse-train signals transmit critical information, such as ""error''
and "end of record'" between the interfaces.

Introduction ’ anticipated the link would carry precluded )
. the use of a medium-size time-sharing com-
At the Lawrence Radiation Laboratory puter, or a small computer to interface the
in Berkeley, small computers, mostly - link with the 6600. Instead, the link was to
PDP5's and 8's, are used on-line to gather provide a direct connection, via telephone
data from high-energy physics experiments, lines up to several miles long, between the
The data is typically stored on tape by the small experimental computer and the CDC
small computer and later analyzed off-line 6600. The link was to incorporate the fol-
by a CDC 6600. The small computer can lowing design objectives:
provide the experimenter with some very
simple checks of the incoming data--for ex- 1. Modifications to the 6600 were to be
ample, whether the experimental equipment minimized, . Since the link would constitute
is working at all-but does not have the size a very small part of 6600 throughput, inter-
or power for performing sufficient analysis ference or serious degradation of the normal
to indicate whether the experiment is pro- batch processing could not be tolerated. Al-
ducing the desired data in terms of physics., so0, modifications to the 6600's Chippewa
Thus the experimenter must wait for the Operating System were to be kept as simple
hand-carrying of the data tape from the ex- as possible. :
perimental area to the 6600, and for the ) 2, A reasonably high data rate was re-
normal batch processing of the job, before quired, preferably exceeding that of the high
he can make any necessary corrections in speed tape units already used by the 6600.
his experiment. This feedback loop might 3. Error-correction facilities were to
occupy hours or even days. be kept as much as possible within the data
. o link itself, to avoid complicated software
From this situation there arose the checking by both the small computer and the
need for a Data Link between the small 6600, Also, since the data was to be carried
computers and a powerful machine capable ¥ ,
of complete data analysis (see Fig. 1). The This work was done under the auspices of

relatively small throughput which it was the U, S. Atomic Energy Commission.



by twisted-pair phone lines, the error-de-
tection system needed to be quite powerful,

4. The link would need to be used only
occasionally, no more often than every half
hour or so, for the transmission of 20 to
30 000 words of data.

5. Rapid response by the 6600 to the
link was unnecessary: a lapse of several
minutes from the time the link requested
service from the 6600 until the 6600 was
able to respond was acceptable.

6. The link was to be kept as general-
purpose as possible to enable it to be used
with other types of computers if the need
arose.

Experimental Environment ’

At this point it may be helpful, in
order to clarify the intended function of the
link, to review some typical experimental
téchniques employed by the physicist and
see how the data generated is used. '

Let us compare two much-used
approaches to the recording of data from
high-energy nuclear events, the bubble-

- chamber technique and the counting technique.

The bubble-chamber approach uses-
primarily a photographic process to record
an event. The photographs are later ana-
lyzed by elaborate man-machine scanning
systems which yield data in the appropriate
digitized form. This data can be fed into a
large computer, where the analysis is per-
formed. . The bubble-chamber film frames
contain in general much more information
than is abstracted from them during the first
analysis. It is therefore possible to go over
the same film frames again and again to ana-
lyze different phenomena from the same
events,

By contrast, the counting approach
uses a technique by which the experimental
data is immediately translated into a digi-
tized form. Many years ago counters were
the main devices used to register the data.
Today we see many other digital data-pro-
ducing devices, for instance, spark cham-
bers and photomultipliers. The success of
a spark-chamber experiment depends largely
on how correct the physicist was initially in
assuming which phenomena were to be ex-
pected. His experiment is carefully aimed
at one or perhaps a few phenomena,- and if
well aimed, his data will be rich in informa-
tion on only those phenomena. Selecting
phenomena from an event and digitizing
them is here done on-line, in contrast to the
approachtaken with bubble-chamber film
frames, where selecting and digitizing takes
place during the off-line scanning process.

-l -

Since the physicist involved in such counting
physics experiments can never be completely
sure about his assumptions, he needs to be
able to adjust his experiment when he per-
ceives that his aim was poor,

The limited capabilities of a small
computer like the PDP-5 permit only the
most rudimentary analysis of the data. How-
ever, simple checks can be performed to see
if the experimental equipment works as.ex-
pected and if the data is valid in 2 very gen-
eral sense, The results of these simple
checks can be displayed on an oscilloscope,
and a program .can be constructed to provide
several displays which can be requested via
teletype or the console of the small computer.

These displays may show the experi-
menter that his equipment is working cor-
rectly, but what it does not show him is the
quality of the data in terms of physics:

Does all this data bring him nearer to his
experimental goal? It would be desirable to
perform "analysis in depth' on-line.

The link system was therefore con-
ceived to provide a reliable high-~speed data-
transfer medium using private telephone
lines over distances of a few miles. The
data is transmitted in records of a certain
number of 12-bit words per record; each
word is transmitted in parallel, In addition
to data transmission a conversation is carried
on between the input-output (I/O) programs
of the small and the large computer to ex-
change relevant information on the data
records before and after each data record is
sent.

Aspects of the CDC 6600

Several aspects of the CDC 6600
system are considered in order to illustrate
some of the problems encountered in the de-
sign of the Data Link (Fig., 2)., The CDC
6600 system is constructed to protect the
central processing unit (CPU) as much as
possible from I/O interference. As Fig. 2
shows, the CPU can be thought of as being
surrounded by a protective layer of a 131K
60-bit word core memory, around which ten
peripheral processors (PP} are situated.

The only way the CPU can communicate with >
the PP's is via the 131K core memory.

Nearly all PP's are involved in I/O communi-
cations. Their tasks are assigned by a con-

trolling I/O program on the basis of avail- ‘
ability, which makes for a very efficient use

of the PP's, Thus it is possible to keep all

PP's busy for most of the time, alternating

between a number of assignments that is far

higher than the number of PP's. In this

sénse there exists a true time-~sharing within



the system. This same time-sharing ap-
proach is taken in many other areas of the
CDC 6600, and given the correct software,
this indeed results in a very fast computer.

Still this computer system lacks
the essential (hardware) mechanisms to
make efficient time-sharing of the CDC
6600 possible between devices outside the
CDC 6600. For example, there is no way
in which the PP's can be interrupted by a
signal from the outside world, in the way
this is possible with interrupt hardware in
many other machines. Of course, one can
to a certain extent make up for that by soft-
ware simulation of the desired mechanisms.

In our situation this was virtually impossible.

The systems software used (Chippewa) is
made for batch processing of jobs and would
need major alterations to implement such
simulation, Another important possibility
was to dedicate to the Data Link one PP
which could perpetually test for conditions
indicating whether the Data Link would be
alive or not (simulation of an interrupt).
However, dedication of a PP for one single
1/0 task obviously violates the PP time-
sharing principle and therefore decreases
the throughput of the system, especially
when the job mix tends to be I/O-limited.
It was therefore decided that a PP would
not be dedicated but only temporarily as-
signed to the Data Link, just as with any
other I/O equipment,

Use of the Data Link

The only way a conversation can
start between programs on both sides of the
Data Link is to give the CDC 6600 system
the initiative. However, it is up to the ex-
perimenter or the program of the small com-
puter to decide whether enough of the right
data is gathered to be sent over to the ana-
lyzing Fortran program. To reconcile these
conflicting requirements, a procedure is
followed in which the human operator of the
CDC 6600 is included in the interrupt system,
In fact, the operator is the only part of the
CDC 6600 system that can be interrupted
from the outside world, using the current
"operating system. Near his console a light
signal indicates that the small computer is
making a service request. As soon as he
can reserve a control point and enough space
in core, he will load the Fortran Analysis
program in central core memory, just as he
would a batch-process job. However, this
Fortran program is placed into the job
stream from the side, avoiding the normal
priority mechanisms, and slowing the nor-
mal job flow slightly, It should be noted
that although operator intervention at this
point will be time-consuming in terms of the

~3a

‘computer time scale, it is still well within

the acceptable overall response time of
several minutes specified in the design ob~
jectives.

After the Fortran program is com-
piled it soon requires input or output. At
this point control is transferred to a
Chippewa subroutine which calls for a spe-
cial I/O routine to be loaded into some PP.
This I/O routine is made to deal with the
Data Link for the duration of at least one
physical record and its surrounding control
communications, Depending on wait times .
and system needs, the originally assigned
PP may quite possibly be withdrawn by the
system to be used for some other assignment,
and a different PP assigned back to the Data
Link for the next physical record.

It is mentioned above that the large
computer would preferably be the same com-
puter already used for off-line processing of
the experimental data, One reason for this
preference is the existence of Fortran ana-
lysis programs and subroutines within the
computer system, which it would be desirable
to use unmodified for both on-line and off-
line analysis.

Using the link system, these pro-
grams need not have their READ and
WRITE statements changed at all. Instead,
several control cards tell the Chippewa sys-
tem during compilation to replace all READ
TAPE statements with READ Data Link
statements.

Higher-Level Program Interaction

The Data Link can be.thought of as
merely a vehicle for data and special instruc-
tions between the two programs. Since this
vehicle is available, communications on a
higher level are possible: Many kinds of in-
teraction between the two programs can be
invented to make the Data Link more ver-
satile., For example, the small computer
may send a record of data. This record,
either by prearrangement, or by means of
the accompanying command words, is to be
interpreted by the Fortran program as a
large set of instructions to itself. Branches
can be modified, switches set, the different
available analysis approaches chosen, and
quantity, kind, and format of output results
selected. Thus the experimenter has avail-
able to him, in a limited way, an extended
on-line processing capability which includes
some control over the analyzing process.

Design Aspects for the Data Link

The Data Link is designed as an asyn-
chronous logic device. Basically it consists -
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of a string-of buffers, arranged more or
less as 12 parallel shift registers (Fig. 3).
The transmitters, telephone lines and re-
ceivers are located halfway along this buf-
fer string, When data transfer starts, the
first buffer is loaded from one of the com-
puters with a 12-~bit word, and that buffer is
then declared FULL. If the control logic
senses that the next buffer in line is
EMPTY, data is transferred from the first
buffer into the next buffer. This process
repeats itself for all the buffers in the string.
When for some reason that last buffer is not
emptied at the receiving end, it is possible
to fill up all the buffers of the Data Link, at
which point the transfer of data stops. As
describéd here the control logic only needs
to sense the condition of pairs of neighboring
buffers in order to decide whether the trans-
fer between the buffers should take place or
not, A difficulty arises where two neighbor-
ing buffers are located on different sides of
the telephone lines. It is desirable to avoid
dividing the control logic for such a pair of
buffers between the two parts of the Data
Link on each side of the telephone line, be-
cause of the high number of control signals
- that would have to run back and forth be-
tween the two locations. In the Data Link
the solution chosen is the use of a response
signal, Each word transmitted over the tele-
phone lines to the other location is received
and echoed back (retransmitted) as a re-
sponse signal. Echoing occurs only when a
new word is welcome, that is, when the first
receiver buffer is EMPTY. Thus, this re-
sponse signal is used in the same way as are
the FULL and EMPTY signals from buffers
on the same side of the telephone lines.

» In addition the echoed word is com-
pared with the originally transmitted word.
If the echoed word is in error, the same
original word is transmitted again. This
may be repeated many times until finally the
echoeéd word returns successfully and the
next word can be transmitted.

‘discussed here.

‘rate of one word per 2 ps.

A more detailed description of this
error-checking scheme is given in the paper
by Robert W, Lafore for this symposium.
The individual elements of information as

"processed by the Data Link are 12-bit words.

All buffers in the Data Link therefore can con-
tain at least 12 bits, and the data is transmit-
ted as words of 42 bits in parallel over the
telephone line. "A 13th bit is added to indicate
whether the word is a data or a nondata word
(Fig. 4). Nondata words are used to transmit
commands and their responses. '

Speed of Data Transfer

From the previous paragraph it now
becomes obvious that the travel time of the
words along the telephone lines is one of the
speed-limiting factors of the Data Link.
Other factors are the channel performance
of the two computers on each end of the
Data Link, and the propagation, detection,
and deskewing delays in the buffer logic of
the Data Link itself, The delays in the
Data Link are insignificant and will not be
Most modern small com-
puters can transfer a record of data at the
The PP of the
CDC 6600 System is capable of transferring
one 12-bit word per microsecond for the
duration of one physical record.

If words. are to be transmitted
every 2 us, the propagation delay of the
telephone cables between the Data Link
stations should not exceed 1 ps.  Since this.
represents a cable length of only 600 ft, the
Data Link system tends to be limited by the
telephone line. The lines will be from 1/2
to 3 miles long, which corresponds with
maximum transfer rates between one word
per 8 us and one word per 50 ys. From a
system's point of view, these rates are
quite acceptable, being of the same order
as the data rates used in the existing mag-
netic tape units of the CDC 6600 system,
as discussed above,
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Fig. 1. The Data Link consists of the Device Synchronizer (PDP-5
side) and the Channel Synchronizer (CDC 6600 side).

Fig. 2. CDC 6600 system.
Fig. 3. Simplified diagram of the Data Link.

Fig. 4. Detailed diagram of the Data Link, used with a PDP-5.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








