Optical Telegraph Codes (Geheimschrift und Zeichensprache)

Gerad J. Holzmann

ABSTRACT

The coding techniques that werevdeped by Claude Chappe for use on the first French
optical telegraph network from the late eighteenth centling codes are then compared
with an independently deloped system that was \doped for a different type of tele-
graph in Sweden by Abraham Niclas Edelcrantz at approximately the same time.

1. Introduction

When the first optical telegraph networks were constructeards the close of the eighteenth centugry

little was knavn about the precise way in which true long-distance communication across a chain of signal-
ing stations could be implemented. As one disoed, this requires more than a mere encodingarfisv

or letters into telegraph signs.

It had to be decided, for instancewhihe speed of messagechanges could be optimized without increas-
ing the chance of errors. It also had to be decideddne could receer from ary possible type of trans-
mission erroror how oonflicts in transmissions had to be regsalv Solvingthese problems is hardlhe
same problems stillxésts today in modern computer neflks. Today the basic techniques to solliem

are taught in unersities, and the correctness of a data communications protocol can oftemiftesl v
mechanically(Note 1) But none of this was, of course, known in the late eighteenth celmuegrospect,
therefore, it is quite remarkable to see what kind of solutions the builders of the optical telegrapksnetw
came up with.

The first person to recognize that the operation gffanm of telegraphic device requires not just the
encoding of messagesithalso the design of a control code to operate the line itself was the Englishman
Robert Hook. Inhis lecture to the Royal Societyeld on 21 May 1684, Hoekdetailed a clear set of con-

trol codes that aeer most of the issues that need to be resbh{Note 2) But Hoaks proposals were wver

put into practice.

It took another century before the first long chains of opticajjtefd stations were operated, and all the
remaining problems were straightened otihis was first done by the brothers Chappe in France, who
started with their firstx@eriments in the early 1790s. One of the Chappe brothers, Ignace, documented the
early experiments in a book he wrote on his retirement in 1824. In it, he ridiculed those who thoyght the
could built a telgraph network without careful consideration of the signaling codes that are needed to oper
ate longer chains of stations. (Note 3)

Those who think thehaveinvented a telgraph that can be used without preliminary instructions for thgréah
operators, are mistaken; yhieaveprobably nger performed experiments with more tharotar three stations.

2. TheFirst French Code

The first code that as used on the French semaphore telegraphs in circa 1794, was a simple decimal sys-
tem that had surved from the earlier experiments with optical signaling that the Chappes had performed
with various devices since 1791. (Note 4)

An encoding table of 9,999 entries of lettergrads, and phrases had been designed, with a numeric code

assigned to each entrffhe most frequently usedonds and phrases were placed at the top of the list, and
giving the shortest encoding3he first nine entries, for instance, were the numerals from 1 to 9, which
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Figure 1 — Basic Code for Numerals, ca. 1794 (top).
And the Number 1794 as Transmitted (bottom).

were encoded in one single semaphore sign. (Figure 1) Kh@&Mentries, numbered from 10 to 99, were
encoded in tw subsequent signs; the entries from 100 to 999 required three, and the remaining entries,
from 1,000 to 9,999, four subsequent signs.

To transmit a word or phrase from the dictionary ifiisefl to transmit the numeric code group, spelled out
with the ten signs shown in Figure To dearly separate the code groups from each pthedast sign of

each group &s made with the one of the unused indicators turned slightly faom the rgulator as dso

shawvn in Figure 1 (bottom). The total number of message (or correspondence) signalasiskedraefore

twenty In the first Chappe code there were also fourteen specific control Sigase signs alays used

both indicators, to look as distinct as possible from the correspondence signs (using just one indicator).
The fourteen control signs were:

O Start of transmission

O End of transmission

O Suspension of transmissions for one hour

O Suspension of transmissions forothours

O Synchronization, meant to alicthe stations along the telegraph line to resynchronize their clocks

O Conflict, to indicate that tav messages from opposite directions hadvedrismultaneously at one
station

O Priority, to indicate the precedence of one of the conflicting messages

O Acknowledgement, indicating the reception of a correctly deciphered message at the final destination

O Error, to cancel the last transmitted sign

O Idle, indicating the closing of the station or line

O Minor failure, to indicate a small problem with the tgkgph, or the temporary absence of the opera-

tor
O Major failure, to indicate a more serious problem disabling the telegraph, requiring outside help
O Rain or fog restricting visibilityand
O Night transmission.

The last sign seems to indicate that the Chappe telegraph was also used at night, but this was not the case.
The sign was probably added more to convince the funders of the telegraph network that night transmis-
sions could in principle be added. In realityost experiments with the use of the telegraph with lamps at

night failed, and it nger became a realistic altermagi

3. Revision of the French Code

The Chappe telegraph could be set in 256 different positions: 8 positions for each inaidadopositions
for the main rgulator Not all of those could be used for signaling thoughe positions where the indica-
tors extended the galator or where hidden behind it, were almost indistinguishable and not usedjtor re
lar correspondence. Excluding these positions reduced the number toxX19& @).

In all codes (including the first one from 1794) the meaningful telegraph signs were further restricted to
those in which the regulator beam was either horizontakdical. Thislimited the number of possible



signs to 98 (& 7 x 2). Fromthese 98 combinations, four others were either deleted or reserved for special
purposes (about which more below), so that the true code-space consisted of just 94 usable signs.

The telegraph signs with a tilted regulator beam did not go unused though. These positions were used by
the operator while setting wesignals. © form a signal, the regulator beam was first tilted to the right or to

the left, with both indicators folded iNext, the indicators were turned to annposition. Andthe signal

was completed by returning the regulator to a horizontal or vertical position.

From the 94 wailable telegraph signs, the first code from 1794 used just 34: ten for the numerals, ten more
for a numeral that appeared at end of a series, and the fourteen control codes. This still left most signs
unused. As result, telgraph transmissions were considerably slower thandbeld be, and speedas,

also then, of the essence. As a result, the decimal cadeabandoned in 1795, after the first line from

Pais to Lille had been in operation for less than a.y@anew code, that could maka more optimal use of

the available code space, was needed.

Claude Chappe briefly considered switching from a base-ten (decimal) encoding to a base-twenty encoding,
which would increase the number of signs used to 543@ + 14). The revised code that was adopted in
1795 was setup quite tBfently In a way, it adopted a base-94 coding method, which naturally eyeplo

all the 94 usable signs.

The nev code had tw main parts, or ‘diisions. T he first division defined 94 different signs encoding the
alphabet, the numbers from zero to nine, and some frequently used syliedbbssign from this dision

was t, following the rules for the formation of signals, and then ‘closed’ by folding in tbénulicators.

The horizontal and vertical double-closed positions were normally outside the set of 94 ‘usable’ signs that
formed the basis for the code books.

The second dision consisted of a code book of 94 pages with 94 signs each, defining more syllables and
commonly used wrds. Eaclentry from this code table wasaig transmitted as a code paithe first sign
of the pair nav gavea line number from the code book, and the second sigethje page number.

In 1799 three more divisions were added to the set, with more signs for common names of places and peo-
ple, etc. The codes in the third/diion were preceded by the horizontal, double-closed signal; those in the
fourth division were preceded by the vertical double-closed signal; and those in thevigiibndby a
reserved signal borrowed from the first division.

All codes from the first and second division, therefore, requiredstms; those from the third and fourth
division required three signs, and those from the fifth division required four signs to be completed. Each of
the signs, furthermore, normally requiredoteemaphore meements to be set (the tilted position and the
final horizontal or vertical position). The transmission of a complete sign from the ¥iftfodiof the code

books, therefore, required a total of eightwaoents of the telgraph. Themore frequently occurring

codes from the first division, t@ver, required just three nvements: (1) setting the signal in the tilted
position, (2) carrying the signal to completion, and (3) folding in the indicators to close the Jibeal.
coding of words based on their frequgmnd occurrence is an ajent early example of a data compression
technique that is still used today.

4. A Comparison of the French and Swedish Codes

Although Claude Chappe was undeniably the first persomth out the details of signaling codes when he
started building his network in the period 1793-1794, he was not the only one. Almost immediately after
the success of Chappe in France became known in other countries, sifoitarveére undertadn. This

was in particular true for Sweden, where Abraham Niclas Edelcrarganbexperimenting with his wn

optical telgraph designs within weeks after hearing the first reports of Clsappek in France.Edel-

crantz had only superficial knowledge of Chappagsign, and almost certainly kmevery little of the

details of the signaling protocols that Chappe hadked out. By necessityre had to redisceer al the
principles of signaling protocols independently; the onlfed#ince with Chappe perhaps being that at least
Edelcrantz kne that the problems could indeed be salv Theonly other thing that Chappe and Edel-
crantz had in common was thatyheere both &miliar with the work of Robert Hoekirom 1684. (Note 5)

It is especially interesting, therefore, to compare the solutions that the Chappe and Edelcramedlisco
independently There were fourteen control signals both in Edelcrarazd in Chappes first code. Six
control signals were defined unambiguopsligh almost the same meaning in both codésey were used



to indicate the start and the end of message transmissions (Speech or Activity and Closing signals), and to
signal error conditions and suspensions (for instance due to fog or mechanical failures).

Eight control signals were defined only by Edelcrantz, but not in Creafigt’code. They were used for

flow control (Repeat, Wait, and Attention signals), to delimit signal groups (Word delimiter), to switch from
one coding table to anothend to perform rate control signals (Faster andvBtd. TheRepeat and Vit
signals were added by Chappe in 1809. The Attention signals andtded@limiter signal may va been
present in Chappg'ade under different named he code used by Edelcrantz for switching from one
encoding method to anothevas not used in the French codes, or at leasas mot documentedThe
codes for rate control (Faster and Slower) also appeared in the French code tables around 1840.

Similarly, ten control codes were used in Chappe first code, but not in Edelsraftey were used to sig-

nal the correct reception of a complete message, various types of suspensions (e.g., because the operators
were absent from their post . . .), night transmissions, adjournments, and priority messages. Some of these
codes may again fia gpeared under a different names in Edelcrardzile. o codes Harmonieand

Monitif d’'Harmoni@ were used in the French system for the resynchronization of clocks in the stations
along the telegraph linesThey were not used in the Swedish codésstructions for the Swedish system

dating from 1837, hwever, date that the clocks were implicitly resynchronized at the start of each trans-
mission series, thus achieving the same effect as the Harmonie signals.

Two signals in the first French code for announcing night transmissions (dmt@ Lille or vice ersa)
have o counterpart in ay of the Swedish codes, but thdso disappeared from thevision of Chappes
code that was published in 1809, and were probabisr need.

Four of the remaining codes were soon added to the Swedish code tatl868, for instance, four dir-
ent adjournment or suspension signals had been defifraatity signals, finallywere added the Swedish
codes in 1808.

Protocol Initialization

In the Swedish codes communication was initiated by the sender with a specific control signal called the
Speech signal. It was acknowledged by the weceiith the Attention signal. In the French code there
were two separate Speech or Activity signals: one for messages originatirayis) 8nd one for messages
originating at the station at the remote end of a line (virtually all lines terminatetis}t PTheChappe

code says explicitly that the Aeify signals could not be generated by intermediate stations, which means
that the were not allowed to carry on an independentvemation. Thisrestriction did not exist in the
Swedish network.

Error Control

The error control methods initially proposed by Edelcrantz and Chappe were based directly eis Hook
proposal from 1684 There was a single control signal in each code that signified an error conditien.
signal was used tovalidate (erase) the last signal sent.

Rate Control

In his first code Edelcrantz adopted Heskauggestion for control codes that could adjust the speed of
transmissions. Hdefines control signals for slowingwlo a fast sendeand for speeding up a tardy one.

Even todayrate control methods are considered an advanced feature of a computer communications proto-
col, not to be found in marsystems. Similasignals cannot be found in the French codes until circa 1840.

Flow Control

Edelcrantz used a Repear signal to request retransmissions of a missedT$igrade was followed by

the codes for a three-digit number that referred to a location of a signal in the logbook of transmitted mes-
sages that was kept at the sender andvwerceBuch aselective epeatmechanism was remented almost

170 years later in data communications protocols, and is still considered a more advancedeltemati
simpler flav control strategy known ago-back-n

In the French code, a Repeat and a Correction signal were added in 1809, but it is not well-documented
how these signals were used. It appears that Weye of a more basic type, perhaps only to indicate the



retransmission of lger portions of a message at the inwiatdf the sender (similar to the go-back-n tech-

nique).

Both Edelcrantz and Chappe defined control signals to suspend transmissions for short or long-term rea-
sons, reminiscent of modern dstpp-and-waifprotocols. Therés no eplicit mention of signals in either

code that can be used to resume transmissions, but an exchange of the standard speech and attention signals
could hae srved that purpose.

5. Conclusion

The signaling techniques and coding method&ldped by Claude Chappe in France and Abraham Edel-
crantz in Sweden in the late eighteenth century contaity mlaments that hae aly recently been redis-
covered in modern computer communication protocols deskfyen sophisticated methods for rate control
and flav control, such as elewt repeat retransmissions, were used on the optical telegrapbrket his
dates their disory to almost tw centuries before the first computer networks were built.
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