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A DATA LINK BETWEEN SMALL COMPUTERS AND A CDC 6600~' 

Sypko W. Andreae and Robert W. Lafore Jr. 

Lawrence Radiation Laboratory 
University of California 

Berkeley, California 

At LRL sUlall computers are used on-line 
with high-energy physics experiments. When the 
experilnenter desires to estimate the relative 
value of the experimental data, the necessary 
analysis can only be performed on a large COIn
puter. Hence the need arose for a fast two-way 
Data Link between one or nlOre sUlall cOlnputers 
and a large computer. 

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

The Inain components of the Data Link are 
interfaces for the two Coulputers, a buffering and 
error-correcting systeUl, and a transceiver sys
teUl using 1-Ulile-long telephone lines. A unique 
demand and response systeln both maintains syn
chronization and supports a highly accurate error
correction system. 

Control words .con1municate word count, 
transfer direction, etc., between the computer 
prograUls. Special high- reliability pulse-train 
signals transmit critical information, such as 
"error" and "end of record" between the inter
faces. 

Objectives of the Data- Link System 

Introduction 

At the Lawrence Radiation Laboratory in 
Berkeley, sInall cOUlputers, Ulostly PDP5's and 
8's, are used on-line to gather data froUl high
energy physics experiUlents. The data is typ
ically stored on tape by the sUlall computer and 
later analyzed off-line by a CDC 6600. The sUlall 
cOlnputer can provide the experiUlenter with SOUle 
very siUlple checks of the incoming data--for ex
ample, whether the experimental equipment is 
working at all--but does not have the size or 
power for performing sufficient analysis to indi
cate whether the experiment is producing the de
sired data in term.s of physics. Thus the exper
imenter must wait for the hand- carrying of the 
data tape from the experimental area to the 6600, 
and for the normal batch processing of the job, 
before he can make any necessary corrections in 
his experiment. This feedback loop might occupy 
hours or even days. 

':'This work was done under the auspices of the 
U. S. AtoInic Energy COIllIllission. 

From this situation there arose the need 
for a Data Link between the small computers and 
a powerful machine capable of complete data anal
ysis. The relatively small throughput which it 
was anticipated the link would carry precluded 
the use of a mediurn- size time- sharing cOInputer, 
or a small computer to interface the link with the 
6600. Instead, the link was to provide a direct 
connection, via telephone lines up to several Iniles 
long, between the small experiInental computer 
and the CDC 6600. The link was to incorporate 
the following design objecti ves: 

1. Modifications to the 6600 were to be m.in
imized. Since the link would constitute a very 
small part of 6600 throughput, interference or 
serious degradation of the normal batch proces
sing could not be tolerated. Also, Inodifications 
to the 6600' s Chippewa Operating System were to 
be kept as simple as possible. 

2. A reasonably high data rate was required, 
preferably exceeding that of the high speed tape 
units already us ed by the 6600. 

3. Error-correction facilities were to be kept 
as much as possible within the data link itself, to 
avoid complicated software checking by both the 
snlall computer and the 6600. Also, since the 
data was to be carried by twisted-pair phone lines, 
the error-detection systeIn needed to be quite 
powerful. 

4. The link would need to be used only occa
sionally, no Inore often than every half hour or 
so, for the transInission of 20 to 30000 words of 
data. 

5. Rapid response by the 6600 to the link was 
. unnecessary: a lapse of several minutes from 

the tiIne 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. 

Expe riInental Envi ronUlent 

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

Let us COInpare two Inuch-used approaches 
to the recording of data froIn high- energy nuclear 
events, the bubble- chaUlber technique and the 
counting technique. 



The bubble- chamber approach uses pri
marily a photographic process to record an event. 
The photographs are later analyzed 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 performed. The bubble-chamber fihn 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 
fram.es again and again to analyze di~ferent phe
nomena from the same events. 
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By contrast, the counting approach uses a 
technique by which the experimental data is im
Inediately translated into a digitized form. Many 
years ago counters were the main devices used to 
register the data. Today we see many other 
digital data-producing devices, for instance, spark 
chambers and photomultipliers. The success ofa 
spark-chamber experilnent depends largely on how 
correct the physicist was initially in assurning 
which phenomena were to be expected. His exper
ilnent is carefully aimed at one or perhaps a few 
phenomena, and if well aimed, his data will be 
rich in information on only those phenom.ena. 
Selecting phenoniena from an event and digitizing 
them is here done on-line, in contrast to the ap
proach taken with bubble-chamber filni frames, 
where selecting and digitizing takes place during 
the off-line scanning process. 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 perceives that his aim was poor. 

The liniited capabilities of a small com.puter 
like the PDP-5 permit only the most rudimentary 
analysis of the data. However, simple checks can 
be performed to see if the experimental equipment 
works as expected and if the data is valid in a very 
general sense. The results of these simple checks 
can be displayed on an oscilloscope, and a pro
gram can be constructed to provide several dis
plays which can be requested via teletype or the 
console of the small computer. 

These displays may show the experimenter 
that his equipment is working correctly, but what 
it does not show him is the quality of the data in 
terniS of physics: Does all this data bring him 
nearer to his experimental goal? It would be de
sirable to perforni "analysis in depth" on-line. 

The link system was therefore conceived to 
provide a reliable high-speed data-transfer me
diUni using private telephone lines over distances 
of a few niiles. The data is transniitted in records 
of a certain nUniber of 12- bit words per record; 
each word is transniitted in parallel. In addition 
to data transniission a conversation is carried on 
between the input-output (I/O) programs of the 
sniall and the large cOniputer to exchange rel
evant inforniation on the data records before and 
after each data record is sent. 

Aspects of the CDC 6600 

Several aspects of the CDC 6600 systeln are 
considered in order to illustrate SOnie of the proh
len1s encounterd in the design of the Data Link. 
The CDC 6600 systeni is constructed to protect 
the central processing unit (CPU) as niuch as 
possible froni I/O interference. As Fig. 1 shows, 
the CPU can be thought of as being surrounded by 
a protective layer of a 131K 60-bit word core 
niemory, 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 
communications. Their tasks,are assigned by a 
controlling I/O pro'gram 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 Inost of the time, alternating between a 
number of assignments that is far higher than the 
number of PP' s. In this sense there exists a 
true time- sharing within the systeni. This same 
time-sharing approach is taken in many other 
areas of the CDC 6600, and given the correct soft
ware, this indeed results in a very fast computer. 

Still this computer system lacks the essen
tial (hardware) niechansims to make efficient 
time- sharing of the CDC 6600 pos sible between 
devices outside the CDC 6600. For example, 
there is no way in which the PP's can be inter
rupted by a signal from the outside WO rId, 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 software sim
ulation of the desired mechanisnis. In our sit
uation this was virtually impossible. The systems 
software used (Chippewa) is niade for batch pro
cessing of jobs and would need major alterations 
to iniplement such simulation. Another important 
possibility was to dedicate to the Data Link one 
PP which could perpetually test for conditions in
dicating whether the Data Link would be alive or 
not (simulation of an interrupt). However, ded
ication of a PP for one single I/O task obviously 
violates the PP time- sharing principle and there
fore decreases the throughput of the system, es
pecially when the job mix tends to be I/O-limited. 
It was therefore decided that a PP would not be 
dedicated but only temporarily assigned to the 
Data Link, just as with any other I/O equipment. 

Use of the Lata Link 

The only way a conversation can start be
tween progralns on both sides of the Data Link is 
to give the CDC 6600 system the initiative. How
ever, it is up to the experinienter or the program 
of the small cOniputer to decide whether enough of 
the right data is gathered to be sent over to the 
analyzing Fortran program. To reconcile these 
conflicting requirenients, a procedure is followed 
in which the hUnian operator of the CDC 6600 is 
included in the interrupt systeni. 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 
a s he can reserve a control point and enough 
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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 pro
gram is placed into the job stream from the side, 
avoiding the normal priority mechanisms, and 
slowing the normal job flow slightly. It should be 
noted that although operator intervention at this 
point will be time-consuming in terms of the com
puter time scale, it is still well within the accept
able overall response time of several minutes 
specified in the design objectives. 

After the Fortran program is compiled it 
soon requires input or output. At this point con
trol is transferred to a Chippewa subroutine which 
calls for a special 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 phys
ical record and its surrounding control communi
cations. Depending on wait times and system 
needs, the originally assigned PP may quite pos-, 
sibly be withdrawn by the system to be used for 
some other assignnlent, and a different PP as
signed back to the Data Link for the next physical 
record. 

It is mentioned above that the large com.
puter would preferably be the same computer al
ready used for off-line processing of the exper
imental data. One reason for this preference is 
the existence of Fortran analysis prograIl1s and 
subroutines within the cOIl1puter systeIl1, which 
it would be desirable to use unmodified for both 
on-line and off-line analysis. 

Using the link systeIl1, these prograIl1s need 
not have their READ and WRlTE stateIl1ents 
changed at all. Instead, several control cards 
tell the Chippewa systeIl1 during cOIl1pilation to 
replace all READ TAPE stateIl1ents with READ 
Data Link statements. 

Higher- Level PrograIl1 Interaction 

The Data Link can be thought of as Il1erely 
a vehicle for data and special instructions between 
the two programs. Since this vehicle is available, 
conununications on a higher level are possible: 
Many kinds of interaction between the two pro
graIl1s can be invented to Il1ake the Data LinkIl10re 
versatile. For exalnple, .the small computer may 
send a record of data. This record, either by 
prearrangeIl1ent, or by means of the accompanying 
conunand words, is to be interpreted by the For
tran program as a large set of instructions to it
self. 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 available to 
him, in a limited way, an extended on-line proces
sing capability which includes some control over 
the analyzing process. 

Design Aspects for the Link 

The Data Link is designed as an asynchro
nous logic device. Basically it consists of a 
string of buffers, arranged more or less as 12 
parallel shift registers. The transmitters, tele
phone lines and receivers are located halfway 
along this buffer string. When data transfer 
starts, the first buffe r is loaded from one of the 
computers with a 12-bit word, and that buffer i.s 
then declared FULL. If the control logic senses 
that the next buffer in line is EMPTY, data is 
transferred froIl1 the first buffer into the next 
buffer. This process repeats itself for all the 
buffers in the string. When for SOIl1e reason the 
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 described here the control logic only needs to 
sense the condition of pairs of neighboring buffers 
in order to decide whether the transfer between 
the buffers should take place or not. A difficulty 
arises where two neighboring buffers are located 
on different sides of the telephone lines. It is de
sirable 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, because of 
the high number of control signals that would have 
to run back and forth between the two locations. 
In the Data Link the solution chosen is the use of 
a response signal. Each word transmitted over 
the telephone lines to the other location is re
ceived and echoed back (retransmitted) as a re
sponse signal. Echoeing occurs only when a new 
word is welcome, that is, when the first receiver 
buffer is EMPTY. Thus, this response signal is 
used in the saIl1e way as are the FULL and EMPTY 
signals from buffers on the same side of the tele
phone line s. 

In addition the echoed word is compared with 
the originally transmitted word. If the echoed 
word is in error, the same original word is trans
initted again. This may be repeated many times 
until finally the echoed word returns successfully 
and the next word can be transmitted. 

A more detailed description of this error
checking scheme is given later in this paper. 

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 fac
tors of the Data Link. Other factors are the chan
nel 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 discussed here. Most 
modern small computers can transfer a record of 
data at the rate of one word per 2 fls. The PP of 
the CDC 6600 System is capable of transferring 
one 12-bit word per microsecond for the duration 
of one physical record. 
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If words are to be transmitted every 2 f.Ls, 
the propagation delay of the telephone cables be
tween the Data Link stations should not exceed 
1 f.Ls. Since this represents a cable length of only 
600 ft. the Data Link sy..stem tends to be limited 
by the telephone line. The lines will be from 1/2 
to 3 lniles long, which corresponds with maximum 
transfer rates between one word per 8 fLs and one 
word per 50 fLs. Front a system's point of view, 
these rates are quite acceptable, being of the 
san,e order as the data rates used in the existing 
magnetic tape units of the CDC 6600 system, as 
dis cus sed above. 

Organization of the Link 

Link "Conversation" 

Before the data itself can be transferred 
via the link, the I/O routines in the computers at 
each end of the telephone lines must exchange in
formation regarding the format of the data to be 
transmitted. This is done by nondata words, 
which, borrowing from CDC ternlinology, are 
called "function words" if they go from the 6600 
to the small computer, and "status words" if they 
are initiated by the sn,all computer. 

An initial status word froln the small com
puter is used to signal the operator of a service 
request, via the console light, and a function 
word carries back his push-button response (see 
Fig. 2). Later, when the operator has loaded 
the Analysis program, the program itself initiates 
the sending of a function word to the small com
puter to infonll it that the data may now be trans
mitted. 

Since the Fortran Analysis program in the 
6600 requests only logical records of a certain 
length, the PP I/O routine must obtain the phys
ical record length from the small computer: 
This is sent as a single data word. To read in 
this word (as to read in any status or data words) 
the PP first sends a function word, in this case 
"GO- WORDCOUNT", whose only purpose is to 
cause the status word to be transn,itted from the 
channel synchronizer (CS) to the PP (see Fig. 3). 

Following the transfer of each physical rec
ord, the small computer informs the PP that 
either (a) more physical records must follow to 
cOlllplete the logical record, in which case an 
"end of physical record" status word is trans
mitted, or (b) the logical record has been com
pleted, in which case an "end of logical record" 
is sent. 

Data output (from the 6600) is analogous to 
data input except that the PP must inform the 
sr."lall computer at the beginning of each record 
whether the record will be composed 'of data or 
only an end of file. 

Since the status and function words are to a 
large extent initiated and interpreted by software, 
the" elements of the conversation" desc ribed 
above can be altered to meet future changes in the 

6600 operating system or even to provide the 
interface for entirely different computers at 
either end of the link. 

Function and status words are distinguished 
from data by the presence of an extra bit which is 
transnlitted as the 13th bit in parallel with each 
word. This 13th bit has the logical value" 1" 
when a data word is sent, and "0" when a nondata 
word is sent. Since every word must contain at 
least one bit to be recognized by the receiver; 
the 13th bit also provides a means of recognizing 
an all-zero data word. 

The Carrousel 

The four registers connected directly to the 
long-line receivers and transnlitters (see Fig. 3) 
are called the "carrousel" and constitute the 
heart of the error checking and correcting system. 

During normal data transnlission (for 
example. during input to the 6600), a word flows 
out of the small computer memory buffer into the 
B register (BR) in the device synchronizer (DS), 
then into the CR, and finally the DR, where it is 
both sto red and transmitted to the CS. In the CS 
it is received in the CR, shifted to the DR, and 
retransmitted to the DS. Arriving in the CR of 
the DS, this echo is compared with the original 
word still in the DR. If the comparison succeeds, 
both CR and DR are cleared. During the round 
trip of this first word from DS to CS and back, a 

. second word will have shifted from the small com
puter memory to the BR, where it awaits a suc
cessful comparison of the previous word. When 
both CR and DR are·cleared, this word is free to 
shift into the CR, and the sequence is repeated 
again. A similar process takes place for data 
output from the 6600. 

Since I/O operations' between the computers 
and the link are concurrent with the transmission 
and echoeing of the previous word, the cycle times 
of the computers cease to effect the data rate of 
the system (assuming line length is the linliting 
factor). Also, if the computer on the receiving 
end is not able to accept the data fast enough, the 
process simply pausef< until the received word is 
finally read in, thus preventing loss of data or 
the necessity for complex synchronization and 
timing devices. 

Error Correction 

If the compar~son check on the echoed word 
should fail, only the CR is cleared, and a special 
signal called a "fuzzy signal" is sent to the re
ceiving end to warn that the previously received 
word was in error. This clears the DR in the 
receiver and permits the same word to be re
transnlitted as before. The same word may be 
sent many times until a correct echo is finally 
received. However, if this echoeing process . 
should continue too long, the link assumes that a 
serious fault has occurred and sends function and 
status words to this effect to the two I/O pro
grams. 



During the periods when the link is waiting 
for the cOlnputers or the 6600 operator to give it 
further instructions, it arranges that both the 
synchronizers will be in transmit mode. This 
ensures that any noise word received at either 
end will be compared with the zeros in the empty 
DR and erased, as with an ordinary error. (If 
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the synchronizers were left in receive mode they 
would retransmit any noise word arriving in then~ 
and eventually fill up all registers with replicas of 
the noise word. ) 

The "fuzzy signal" referred to above for 
signalling errors is one of several signals that, 
because of their critical role in the operation of 
the link, must be as nearly as possible immune 
from noise: This is aCCOlnplished by sending a 
pulse train instead of'a. single pulse as with data 
or functicih/ status words. Because these signals 
are very rarely sent in' comparison with the num
ber of data words, the additional time needed to 
provide a puIs e train doe s not inc rea s e signifi
cantly the time necessary to transn,it each record. 
Other fuzzy signals indicate the beginning and end 
of a physical record and provide a general reset. 

Sta te Diag rams 

In the de sign of the data link considerable 
use was made of state diagrams to clarify the 
operation of the system (see Fig. 4). The posi
tion of various flip-flops (for example, those in
dicating whether a particular register is full or 
empty), constitute "conditions," a particular 
combination of which generates a "state." The 
state in turn alters the conditions by perforrning 
various operations, e. g., shifting a word from 
one register to another. These altered conditions 
then generate a new state, and so forth. 

Since each synchronizer contains more than 
a dozen flip-flops, plus many external signals 
,which also provide conditions, it become s ex
tremely difficult to keep in mind the exact 
sequences and timing. Therefore, to completely 
specify the logical operation of the machine, both 
for the initial design and for future debugging, a 
computer program was written to simulate the 
operation of the logic. This proved invaluable in 
tracking down some of the more obscure design 
and wiring errors. 

Debug Boards 

Debugging of the linle required the develop
n,ent of another feature of the system: debug 
interrupt boards., In normal operation the transi
tions from one state to another are made very 
quickly and are frequently nonrepetitive: e. g. , 
a single status word is sent, then the link waits 
for some response from the outside world. This 

situation would create extreme difficulties in de
bugging unless some method of slowing down the 
transition from state to state could be found. 
(If this were a clocked system, this effect could 
of course be achieved by merely slowing down 
the clock.) The interrupt boards fulfill this func
tion by inse rting a switch and a light into the out
put line from each state. Thus, with the switch 
open, the conditions for a particular state cause 
the cor responding light to appear; but the effects 
of that state will not be enacted until the switch 
is closed, whereupon the light for the next state 
in the sequence should appear. ,Since lights in
dicating the position of the major flip-flops and 
the ,contents of each register appear on the front 
of the synchronizer control panel, the debug 
interrupt boards provide a means of seeing the 
status of aU active elements in: slow motion. 
Used in conjunction with the computer printout of 
the sequence of conditions and states, this pro
vides an easy and effective debugging rriethod. 

Conclusions 

The data-link system provides a reliable 
and satisfactory solution in its present context to 
the problem of interfacing small data-gathering 
computers to a large computer for the analysis 
of a cOl'nparatively small quantity of data at in
frequent intervals. Should this type of service 
become more popular in the future, the link can 
be readily modified to accept changes in the 6600 
operating system (such as using a dedicated PP 
for all link data) or interfacing to a time-sharing 
computer devoted to link data handling. 
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LINK CONVERSATION 

DEVICE SYNCH a PDP-8 CHANNEL SYNCH a 6600, 

STATUS WORD" "SERVICE REQUEST" LIGHT~ HOOK-UP 
PHASE A 

. FUNCTION WORD = "6600 UP" 

BUTTO~ ,. - -~ - ~ - -- , 

READY FUNCTION WORD = 'AWAKE!" 
PHASE <"- <: - - - . , ~ _ ... :-- 1 . 

F.W. " "GO-WRDCNT" 
~ .' --~ ---. .- - -~ ..:.....~-..!I -

WORD COUNT OR EOF .' , ! 
~ 

F.W. " "GO'I-NPUT" -. .. y ~ ..:.;: l INPUT - - -- . 
-0 ~~ PHASE -A 

T . 
.~ A 

S.W.: "EOPR", OR "EOlR" 

-:r· w. : "STATUS REQ." 
- . - ~ ~~~ -:: -' 

I • 
¢..:: 

F.W.: "BOR" OR "EOF" - -:-.- . ~ ~....:. _~c.......::....:.~~~-, 

f·W. : "GO WRDCNT" 
;1. - -- - .» 

WORD COUNT 

.~.w.= " GO OUTPUT" 
~ 

OUTPUT , •• J . . -
PHASE _ ¢ - ··Dr - ... - , 

'"_. A'- --- -, . - - - ' .. 
(t:- : 'TL 0_ -- - . 

~~ -J . ~;--"~At.. - - , 

~ 
F.W. = "EOPR" OR "EOLR" 

- . - - ::. 
.' ,-

eBB 6710-6240 

Fig. 2. Conversation procedure. 
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STATE DIAGRAM CHANNEL SYNCHRONIZER 

To 
PDP 
8 

DATA WORD I To 
PDPE-----------~ 

8 

From. ECHO 
PDP------~----~ 

8 

Shift CR to DR 

TX 

Compare 

Clear CR,DR 

FUNCTION WORD 
IE---:-:-~----:-:-- From 6600 

"GO-OUTPUT 

INACTIVE 
~--~--~--~To 6600 

ACTIVE 

EMPTY 

eBB 6710-6238 

Fig. 4. Typical state diagram (channel synchronizer, 
data output). 



This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com~ 
mlSSlon, 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 ~amages resulting from the use of any infor
mation, apparatus, method, o~ process disclosed .in 
this report. 

As used in the above, "person acting on behal f of the 
Commission" includes any employee or contractor 6f the Com
mission, or. employee of such eontractor, 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. 




