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Abstract

Emile Baudot printing telggraph vas the first widely adopted wee to encode letters, numbers, and symbols as
uniform-length binary sequence®onald Murray introduced a second successful code of this type, the details of
which continued towwlve wntil versions of Baudat’ and Murrays codes were standardized as Internatioreé-T

graph Alphabets No. 1 and No. 2, respetyi These codes were used for decades before the appearance of com-
puters and the changing needs of communications required the design and standardizatiancofla. n¥ars of

debate and compromise resulted in the ECMA-6 standard in Europe, the ASCII standard in the United States, and
the 1ISO 646 and International Alphabet No. 5 standards internationally
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Intr oduction

Today we tak it for granted that aplain text”
file on a computer can be read by nearly program,
printed on aw printer, displayed on apscreen, trans-
mitted over any network, and understood equally eas-
ily by ary other malke a model of computer Plain
text is plain, though, only because of a nreawersal

agreement about what symbols and actions corre-
spond to what arbitrary arrangement of bits, an agree-

ment that vas reached only after magears of design
work, experimentation, and compromise.

The first portion of the paper will ger the origins
of International €legraph Alphabet No. 2 (often
called ‘Baudot”), the five-unit code standardized in
the 1930s.The second portion will e@r the design
and standardization of its successtire s&en-bit
international standard codewaised by the majority
of the world’s computers and netwks. Thissecond
topic has preously been addressed from fdifent
perspecties in a paper by Robert WBemet and a
book by Charles E. Maekzie?

Emile Baudot

On July 16, 1870, twenty-fotyyrearold Jean-Mau-
rice-Emile Baudot (Figure 1) left his parentsirh
and bgan a new career in France’ Administration
des Postes et des Télégrapheie had receied only
an elementary school educationyt thegan sudying
electricity and mechanics in his spare tinie.1872,
he started researchweard a telgraph system that
would allov multiple operators to transmit simultane-
ously oser a dngle wire and, as the transmissions

were receied, would print them in ordinary alpha-
betic characters on a strip of papéte receved a
patent for such a system on June 17, 18%4.

Baudots was not the first printing tedeaph, lt it
made considerably morefiefent use of communica-
tions lines than an earlier systemeénted by Daid E.
Hughes. Hughes’ rinter contained a continually
rotating wheel with characters enged on it in the
order shan in Figure 2.A character could be printed
by sending a single pulsevaw the telgraph line, ot
depending on the current position of the wheel it
might tale rearly a complete rotation before the-cor
rect character auld be ready to prirft.Instead of a
variable delay folleved by a single-unit pulse, Bau-
dot’s gystem used a uniform six time units to transmit
each characterl have rot been able to obtain a gop
of Baudots 1874 patent, bt his early telgraph proba-
bly used the six-unit code (Figure 3) that he aitab
to Davy in an 1877 articlé.

(In Figure 3, and in other figures to fallpeach
printable character is siwo net to the pattern of
impulses that is transmitted on a tgbph line to rep-
resent it. In this figure, dots () specifically represent
the positve wltage of an idle tetgaph line and cir
cles ©) the n@aive wltage of an acte line. In
related systems using punched paper tape, circles rep-
resent a hole punched in the tape and dots the absence
of a hole.)

It may seem surprising that Hughes and Baudot
invented their avn telggraph codes rather than design-
ing printers that could ark with the already-standard
Morse code. Morse code, though, isx&Eemely



Figure 1 Emile Baudot (1845-1903).
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Figure 2 Order of characters on Hughes printing
telegraph typevheel® Some equipment replaced the
letter W by the accented letter E and the multiplica-
tion sign &) by a sction sign (8).

difficult to decode mechanically because its characters
vary both in their length and in their patterit. was

not until the bginning of the twentieth century that
F. G Creed vas able to deslop a successful Morse
printer, and even his invention could not print mes-
sages immediately as thevere receied, hut instead
required that thefirst be punched onto paper tape.
Hughes simplified the task by adopting a code in
which charactersaried only with time, not in their
pattern. Baudothose the opposite simplification: his
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Figure 3 Six-unit code (alphabet only) from an 1877
article by Emile Baudot.

characters hadavying patterns it were alvays trans-
mitted in the same amount of time.

A six-unit code can encode 64%2lifferent char
acters, &r more than the twenty-six letters and space
that are needed, at a minimum, for alphabetic mes-
sages. Thismaller set of characters can be encoded
more eficiently with a five-unit code, which alles
32 (2) combinations, so in 1876 Baudot redesigned
his equipment to use a @&wnit code. Punctuation
and digits were still sometimes needed, though, so he
adopted from Hughes the use ofotwpecial letter
spaceandfigure pacecharacters thateuld cause the
printer to shift between cases at the same time as it
adwanced the paper without printing.

The five-unit code he lgen using at this time
(Figure 4§ was gructured to suit hisdyboard (Figure
5), which controlled tw units of each character with
switches operated by the left hand and the other three
units with the right hand Such ‘chorded’
keyboards hee from time to time been
reintroduced 12 The Hughes system had used a
piano-like keyboard (Figure 6).The typeavriter was
still too nev an invention to hae aay impact on the
design of telgraph equipment.

Donald Murray

By 1898, though, typeriters had become much
more common.In that yeaf® Donald Murray (Figure
7), “an Australian journalist, without prior practical
experience in telgraph vork” '8 invented a deice
which operated thedys d a typewriter or typesetting
machine according to patterns of holes punched in a
strip of paper tape.n 1899 he receed a United
States patent for this vention'” and came to Ne
York, where he wrked to deelop a complete tele-
graph system around it for the Postaléfraph-Cable
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Figure 4 Emile Baudo five-unit code® 1013

Figure 5 Baudots five-key keyboard®

Compa'y_lS, 18,19

Murray’s printer, like Baudots telegraph, repre-
sented each character as a sequence eiufits and
employed special shift characters to switch between
cases. Bauddt’ g/stem had only letter and figure
cases, bt Murray's first printer had three: figures,
capitals, and miniscules‘réleas€’). To maximize
the structural stability of the tap®Murray arranged
the characters in his code so that the most frequently
used letters were represented by thveefd number of
holes in the tape.Figure 8 shws the codes he
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Figure 6 Hughes printing telgraph leyboard!*

Figure 7. Donald Murray (1866-1945)Photo pro-
vided by and reproduced courtesy of Bob Mackay

assigned to the letters, control characters, and comma
and period.His patent unfortunately gts no indica-

tion of what characters werevalable in the figures
case or in what order thevere arranged.

On January 25, 1901, iiam B. Vansize (identi-
fied as Murrays dtorney in sevaal of his patents}
described Murrag invention to the American Insti-
tute of Electrical Engineers, and Murray demonstrated
the printer in operatioff, By this time, his equipment
used a code (Figure 9a) thatsvalmost identical to
the one from 1899 xeept that the codes for tispace
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Figure 8 Murray printer code, 188Y.

andreleasecharacters had beerveesed. Agin only
the codes for the letters were listed in the pameran
illustration (redravn as Figure 10) shes the
keyboard positions of some of the punctuation and
digits. Thesewould hare had the same codes as the
letters with which thg share leys.

It is unclear wlg Murray should hee cosen this
arrangement for the figures case, as it is not the same
as that of ay identifiable typeriter. It aso has no
connection to the dy arangement of the Columbia
Bar-Lock typewriter,”® which Murray named at the
1901 demonstration as the typé@er used in his
printer, and the distinctie slhouette of which can be
recognized in his 1899 patenWhatever its origin,
this arrangement of punctuation and digits did not last
long. Anotherpatent, filed July 20, 1901, sks a
new keyboard arrangement (Figure 7).

One of the criticisms of Murrag’ printer at its
1901 demonstration as its lack of automationAn
operator had to turn a crank to reak print and had
to return the typariter carriage manually at the end
of each line. By February 23, 1905, when Murray
spole & a London meeting of the Institution of Elec-
trical Engineerg? he had introduced #ne control
character which automatically returned the carriage
and adanced the paperThis took the place of the
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Figure 9 Murray Printing Elegraph codes,
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former releasecontrol, so the system wohad only
two cases: figures and capital$he code s further
changed to @e the capitalscharacterrather than the
letter Z, the all-holes-punched code, so that errors in
punching could be erasedvisibly by repunching the
capitals code, which did not print,ver the mistyped
sections of the tapeThe 1905 code is stm in Fig-
ure 9b and thedyboard that generated it in Figure 12.
By 1908, Murrays code and &yboard had under
gone further changes, as can be seen in Figure 13 and
Figure 9¢2 The comma () was remeed from the
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Figure 11. Murray keyboard, 1902°
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Figure 12. Murray keyboard, 19052

letters case (as the former capitals case had been

renamed) to makroom for a nes page control chas
acter indicating the end of a page okite The

movement of the comma into the figures case required
the rearrangement of other figures and the combina-

tion of the left () and right { ) parentheses into a sin-
gle character)). In 1911, Murray &plained a further
reason for the>aent of the reganization: to mee
the most important punctuation onto the bottomw ro
of the leyboard so that the middlewoof the figures
case could be resad for ‘national use’ characters
needed in particular countriesitnot used in interna-
tional communication$’ Figure 14 is the interna-
tional version of the &yboard.

The Murray code diverges

On April 12, 1912, Donald Murray announced
that he had sold his United States patents to thet-W
ern Union Elegraph Compan?® After this date,
American and English Murray equipment and codes
began to diverge because of their independentvele
opment. Themost significant change in Englandsv
the reintroduction of thdetter space figure gace
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Figure 13. Murray keyboard, 19083
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Figure 14. Murray keyboard, 191/

and erasue control characters, which Baudot had
used, in place of thepace figures and letters codes

of earlier Murray model$’ In addition, thdine con-

trol was separated into independaatiumn (some-
times knavn asline feed and carriage return charac-
ters. Theadded control code displaced the perioyl (
from the letters case and resulted in the rearranged
punctuation shan in the code of Figure 4.

The diferent changes that took place in the United
States were the result of influence from another print-
ing telgraph system, the MorkrumThe Morkrum
compary was founded in 1901 by yaMorton, the
owner of Morton Salt, and Charles L. Krum, a
mechanical engineerKrum, later joined by his son
Howard, an electrical engineebuilt his early tele-
graph printers around the Blicksenderfer andvedli
typewriters It appears, though, that the Hammond
typewriter’s “Universal” model may also hee had an
impact on the design of Morkrum equipmerithe
Morkrum keyboard (Figure 15) is more similar to the
Hammond kyboard (Figure 16) than to that ofyan
other identifiable typeriter, and both machines use
similar typavheel-based printing mechanisiis?®

Figure 17 shas the Morkrum fie-unit code,
which was &idently based, lige Murray’s, on a study
of the relatve frequenyg of use of the charactersub
with the idea of making the typdeel mae the short-
est distance rather than minimizing the number of
holes punched.The most frequently used letters are
clustered in the middle of the first column, which rep-
resents one side of the typleeel; the least frequently
used are clustered in the middle of the second column,



a omplete half-turn of the wheehay.

By January 15, 1915, the astern Union &le-
graph Compay had bgun using a printing tetgaph
system that combined aspects of the Murray and
Morkrum codes.It used Murrays aodes for the letters
and controls, bt generally folloved the Morkrum
conventions for which figures should be paired with
which letters®’ Like the Morkrum code and the later
English Murray code, the ®gtern Union code used
separateline feed and carriage rturn characters
instead of a singléine character Some changes to

the Morkrum figures were necessary so that the period

(.) could be moed from the letters case to the figures
case and so that threewneontrols could be added:
signal which rang a bellcity, which switched the
recever from retransmitting to printing, anthru,
which switched from printing to retransmittifgThe
Morkrum and Veéstern Union codes are compared in
Figure 18a and 18bWestern Electric also len
using this code on its tgeaph equipment, as well as
a related one (Figure 18c) which retained the
Morkrum placement of the apostrophd pecause it
contained faver controls®

Code standardization

By 1916, Donald Murray could say thdthe
inventive gage is nearly wer. The mystery is gone
and printing telgrapty has become one of theaet
arts’ *! With the aperimental era at its end, therasv
little reason for the warld’s telegraphers to continue
using seeral similar lut incompatible fie-unit codes,
but no progress had been madeverd standardization
as late as 1924, when the Germangiephic admin-
istration bgan publishing articles adwating the
adoption of an international standard codeter that
year in England, A. E. Thompson and Donald Murray
also declared their support for standardizati®ur-
ray had preiously had the habit of referring toyan
five-unit code, including hiswmn, as ‘the Baudot
alphabet,?” 28 as if all five-unit codes were inter
changeable, Wt nov agreed that standardizationas
“ a matter which will hae © receve te attention of
the telgraph administations in the near futtifé.In
early 1925, German articles ambating standardiza-
tion were reprinted in France and Switzerl4hd?

In November 1926, the Comité Consultatif Inter
national des Communications Télégraphiques (CCIT)
met for the first time in Berlif® Its parent cganiza-
tion, the Bureau International de I'Union Télégraph-
ique, had, decades earligtandardized Morse cotfe
and the list of characters that could be transmitted
with Baudot equipment (4 not their codes)
Among the may standards issues thewly formed
committee vas to consider (anotheraw the imention
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Figure 17. Morkrum code? 35 3633

of the ‘baud” as the standard unit of communications
speed) s the establishment of a uniformefiunit
code. Delgae Stahl proided a lengti review of the
characteristics ofxsting codes and proposed awne
standard code (Figure 19) based on a recalculation of
the frequeng with which letters were usedThe
French delgaion objected that this & impossible
because the operators of the maisting Baudot
installations could not be forced to memorize a wholly
newv code. Thetechnical subcommittee concluded
that indeed, an new gandard wuld hare © be
closely related to the original Baudot code.

The British delgation expressed its preference for
a mde with figure paceand letter spacecharacters
rather than separafgures letters, and spacecodes.
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The delgdion from the USSR preferred to separate
the shifts from the spaces because the Cyrillic alpha-
bet has too manletters to fit only in the letters case
and requires that fevaodes from the figures case be
used for additional lettersThe Czechoshekian dele-
gaion asled that the committee address the long-
neglected problem of o to encode accented letters.
F. G Creed raised the possibility of abandoning the
traditional five-unit code for a six-unit standard,
which would eliminate most shifting and, with shifts,
would male room for non-Roman lettersybthis sug-
gestion went n@here.

let fig let fig
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Figure 19. Stahls proposed standard code, Septem-
ber, 1926

Many details of the Baudot-deséd gandard-to-be
were worked out in adance of the nd@ CCIT meet-
ing, which was to be held in June, 1929.The
accented letter E (E) and the superscript lettef)T (
would be sacrificed for thearriage return and line
feed codes, respeattly. The period (), which had
been the upper case of the superscriptwduld
replace the semicolorn ). The follonving punctuation
marks were considered essential to retain: perigd (
comma (), question mark (?), dash (=), apostrophe
("), colon (:), parentheseq (and) ), and fraction bar
(/). Other essentials were stiopsignal and the ta
punctuation marks that were a@ntionally used to
separate the address from the message (=) and to indi-
cate the end of the message (+).

The obstacle to umérsal adoption of this modified
Baudot code (Figure 20) as that when combined
with a QWER'Y keyboard it put the digits in nonsen-
sical locations (Figure 21)Booth and WlImot of the
British Post Ofice had preided a possible solution
when thg invented a leyboard (Figure 22) that as
arranged lik Murray’s but used complicated mechan-
ical means to transmit the Baudot cdBidaut mary
attendees of the June 11, 1929 session of the CCIT
conference preferred the Murray casldrect associa-
tion of letters and figureéS.A morning of debate only
managed to refifm that the Baudot code should be
modified as little as possibleptbthe possibility \as
raised that another code might be more appropriate for
start-stop equipment.

After a break from 12:00 to 2:15 and further
debate, the dedete from the Netherlands proposed
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Figure 20. Proposed Internationaklegraph Alpha-
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Figure 2. Major Booth and MrWillmot’s New
Keyboard Perforator for the Baudot Printingld-
graph Systerf? Some leys how replacement of stan-
dard Baudot figures with alternate characters by the
British Post Ofice.

that a subcommittee \iestigate what code as most
appropriate for start-stop equipmernfthe committee
adjourned and the subcommittee met from 3:20 to
5:50. Itreturned with a code (Figure 23), to be wmo

as International dlegraph Alphabet No. 2, that, for
the most part, combined the Baudot codes for the let-
ters with the English Murray pairings of the letters

and figures, and resead four positions for national
use. (Thenew code rerersed Baudo$ sssignments
for error and the letter P so that tleeror character
would hare te all-holes-punched code and could be
repunched wer a mistyped charactégr The next day

the proposed Internationaklegraph Alphabet No. 1,
as the Baudot-style standard codeuld be knan,
was dso modified to reseev four characters for
national use, and other specifications weoeked out

to ensure that system®ould be compatible.

The proposal to standardize awinternational
Telegraph Alphabets as vigorously opposed by the
USSR, so a committee continued to meet to try to
come up with a better idé3.0n January 21, 1931,
British delggate Mr. Booth informed members of the
committee of a British plan to introduce a teletype-
writer exchange service of the type then also being
introduced in the United StatesThe service wuld
place teleprinters in ordinaryfafes, so to wid con-
fusing nev customers with &boards with dual space
bars, as wuld be found on equipment that used either
the British Murray code or either of the proposed
International €legraph Alphabets, tlyeplanned to
use an American-style Murray code andeydoard
with separate space and shityk. TheUSSR also
expressed a preference to use the Murray code, rather
than the proposed Internationadlé@raph Alphabets,
for international communicationFeuerhahn of Ger
mary urged the CCIT to carry on with its original
plan, ut at its June, 1931 meeting the committee
resohed to replace the proposed InternationaleT
graph Alphabet No. 2 with a code based on
Murray’s>? Figure 24 and Figure 25 sholnterna-
tional Telegraph Alphabets Nos. 1 and 2 asytinere
finally adoptec®®

The next generation

In the years that follwed, International dlegraph
Alphabet No. 1 fell into disuse, while equipment
using Alphabet No. 2 came to dominate therld/s
international non-wice communications.In May,
1948, the United States dg#ion to the CCIT pro-
posed ‘the adoption, with reseations, of the 5-unit
code Alphabet No. 2, as the code for general use in
international telgraply,” and the proposal as
accepted. ABritish proposal to turn the codenhot
usedcharacter into a third shifréceived general sup-
port” but was first to be subjected to further stddiit
was ot until 1988 that Alphabet No. 2as finally
extended to support both upper andwéw case
letters®®

The four characters resexy for national use in
International €legraph Alphabet No. 2 were not a
very general solution to the problem of encoding



let fig let fig
O- A : O - 000 Q 1
- OO0 - B ? OO0 R 4
O-00- C -0-0 S nat
0000 - D O0-0-0 T 5
-O- E 3 0-0O U 7
- 000 - F / O0O -0 \Y )
-0-0O- G nat 000 W 2
O0-0O- H + -O- -0 X nat
-00 - - I 8 RO Y 6
O--0- J bell OO0 -0 VA .
O- -00 K nat @) letter space
OO0 - 00 L = -0 figure space
-O-00 M 00000 error
- 0000 N e idle
o0 - - (0] 9 00 new line
- 00 P 0 O---0 line feed

Figure 23. Proposed Internationaklegraph Alpha-
bet No. 2, June 11, 1928,

let fig let fig
O« - A 1 O - 000 Q /

- 00 - B 8 - OO0 R -
O-00- C 9 o-0 S .
0000 - D 0 O-0-0 T nat

ORI E 2 0-0 u 4

- 000 - F nat O0O -0 \Y

-O0-0O- G 7 00 -0O W ?
OCO-0O- H + -O- -0 X ,
00 - - | nat O Y 3
O--0- J 6 OO0 -0 VA !
O- -00 K ( 00 carriage return
00 - 00O L = O---0 line feed
-0 -00 M ) -0 letter space
- 0000 N nat @) figure space
000 - - 0 <+ 00 I
OOO00O P % | - idle

Figure 24. International €legraph Alphabet No. 13

letters with accent marks, especially since their use
was prohibited in international communicationgt

the Decemberl956 meeting of the CCJTone of the
issues brought up as the ‘possible need forxend-

ing the fcilities ofered by the present 5-unit tele-
graph alphabet, perhaps by the introduction, under
agreed conditions, of a 6-unit catf®. The proposed
expanded code auld provide for “the inclusion of
diacritical signs and additional characters required in
some languages and... the needs of data procéséing.

let fig let fig
OO~ - - A - 000 -0 Q 1
O- -00 B ? -0-0 R 4
- 000 - C O-0O- S ’
O--0- D wru -0 T 5
O- E 3 000 U 7
O-00- F nat - OO0O \Y =
O-00 G nat OO0 -0 W 2
-O-0O H nat O - 000 X /
00 - - | 8 O0-0-0 Y 6
00-0O- J bell O---0 Z +
0000 - K ( -0 carriage return
-0 -0 L ) cO- - line feed
- 000 M 00000 letter shift
- 00 - N 00 - 00 figure shift
- 00 O 9 -O- space
-00-0 P o | ----- not used

Figure 5. International €legraph Alphabet No. 2

On January 1, 1957, the CCIT and its former tele-
phonic counterpart, the Comité Consultatif Interna-
tional Téléphonique (CCIF), were nged into a sin-
gle International &legraph and &lephone Consulta-
tive Committee (CCITT)® So it was the CCITT that
held a special meeting in aksav in May, 1958 to
consider an xpanded code.There vas ‘general
agreement... that itag premature at that time to stan-
dardise a ne telegraph alphabét®’ but the meeting
did result in a list of the diacritical marks thabwid
have © gopear in ap code that vas standardized: the
acute (), grare (), circumfle (), umlaut (), and
tilde () accents® At its December 1960 meeting,
the CCITT established a atking Rarty responsible
for further d@elopment of the n& telegraph code.

In the United States, accented letters were not a
concern bt there vas neertheless interest in the pos-
sibility of a six-unit replacement for International
Telegraph Alphabet No. 2In 1952, I. S. Coggesd),
the Director of Planning for @étern Uniors Interna-
tional Communications Department, obsshthat ‘a
6-unit general purpose printerould aford =64
combinations of characters and controls and has been
proposed to increase the usefulness of printers in cer
tain language applicationsAmong other things, it
would male possible tablators and back-spacer

It was Western Uniors competitor A&T, though,
that was most covinced of the alue of a six-unit
code. Thecompary was planning to replace its manu-
ally switched teletyperiter exchange netark with a
new direct dial netverk on August 31, 1962 It sav
the transition as an ideal opportunity to introduce a
nev code that wuld eliminate the need to shift
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manually between letters and figures cases anddw
use a kyboard as similar as possible to that of a stan-
dard typevriter. The nev network would not mak

old equipment or codes obsoleteyt lit would allov
faster connections than the old one for those who
wanted greater speed, and most of the installed equip-
ment would not be able todep up. Replacement
equipment designed to ork at high speed (by
AT&T's Teletype subsidiary the compan once
known as Morkrum) wuld also be designed for the
new code®?

Figure 26 shas the proposed mecode and Fig-
ure 27 the &yboard that wuld transmit it. Notice
that characters that appear on the same d the
keyboard are located in the sameavrof columns 2
and 3 of the codeThis arrangement mak the opera-
tion of the lkeyboards Shift key mechanically simpler
because the codes for characters im 2odiffer from
the codes for characters inr@ by only a single bit.

(Unlike the preious code charts in this pap€ig-
ure 26 does not shothe pattern of electrical signals
that would be transmitted across a tgiph line to
represent each of its charactehsstead, it is arranged
in numbered rws and columnsA character in col-
umnx, row y, sometimes referred to as charactsy,
represents character numbex 1§, and is transmit-
ted as a sequence of impulses corresponding to the
binary representation of its column andvroumbers,
in reverse order For example, in Figure 26, the apos-
trophe () is in column 3, rav 10, so it is character
3/10, number 58.Three in binary is 1l and ten is
1010, s0 the charactes binary code is 111010and
is transmitted in neerse order as O - OOO. Most of
the remaining code charts in this paper will use the
same coventions.)

The character in Figure 26 labellddank aso
called null or master spacecorresponds to an idle
transmission line or a section of paper tape with no
holes punched and is ignore{Confusingly in some
other codes thélank name refers to thepacefunc-
tion instead.) Similarly, rubout aso calleddelete is
the character with all holes punched, and is also
ignored. Itis used to correct errors by punching it
over a mispunched charactethe same function for
which theletter shiftcode could be used in Murray’
codes and in InternationaklBgraph Alphabet No. 2.
The charactersic andIc would shift between upper
case and Mer case on printers that supportec tw
cases. Thd, cr, and spcharacters are shorter names
for theline feed carriage return, and spacefunctions
also seen on earlier equipmefithe bell control rings
a kell. Thewru control stands forwho are you’and
causes the reagng equipment to transmit back infor
mation identifying itself so the sender can be sure he

0 1 2 3

0 blank K ) 0

1 uc L ! 1

2 Ic M bell 2

3 If N # 3

4 cr o $ 4

5 sp P % 5

6 A Q wru 6

7 B R & 7

8 C S * 8

9 D T ( 9
10 E U " !
11 F Vv :
12 G W ? /
13 H X _ -
14 | Y stunt
15 J Zz rubout

Figure 26. “ Proposed Six-Unit Code foreletype-
writer and Other Data Communications to Operate
with Four-Row Electric Typewriter Keyboard);
December 19, 1965.

!bell#$%wru&*() cr
1023|415 6| 78|29

i |[rub

TI|Y|U out

EDE

2| x e lv]o wlu] ] 7]

Figure 27. “ Keyboard Brmat Based on Electric
Typewriter Format to go with Six-Unit Code,
December 19, 1965

or she is sending to the correct destinatidbhe char
acter namedtuntwas intended to be used as the first
character in a tercharacter sequence thatowid
cause some special functiofkor example, it vas
anticipated that'the STUNT folloved by a letter T
might be used to perform a tahte functiori.®® The
character \&s named after the programmabktunt
box” that performed these sorts of functions in the
earlier Bletype Model 28*

The code of Figure 26 ag intentionally similar to
a proposed U.S. military standard, the FIEATA
code (Figure 28) designed by Captainlldm F.
Luebbert of the U.S. Army Signal Research and
Development Laboratorybut with some punctuation
rearranged or replaced to neaiks keyboard more lik
that of a standard electric typster. FIELDATA was
an ‘integrated a&mily of data processing and data
transmission equipmehntioted for the ‘almost com-
plete disappearance of a@ntional distinctions
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between communications and data processinghe

use of the FIELIBTA code vas the ky 0 diminating
those distinctions, because communications equip-
ment would otherwise iwariably use a ®&rsion of
International €legraph Alphabet No. 2, while com-
puter makrs would not @en consider using it because

of the nonsensical order of its characters when sorted
by their binary codes (Figure 29).

Unfortunately there as no other established stan-
dard for character codes, despite an increasing need
for one. In 1951, UNNAC had been billed asthe
first computer which can handle both alphabetic and
numerical data to reach full-scale operati6hThere
were soon manothers, each with itsven character
code. Sometimethere were een multiple character
codes in use within a single compariBM had been
using the same representation for alphanumeric char
acters on punch cards since the 1930s (about which
more will be said belw), but not all IBM computers
mapped those punch card codes to the same internal
binary representation, and certain codes corresponded
to different punctuation marks ofscientific” equip-
ment than on‘¢commercial’ equipment?®

By 1955, Herbert Grosch had becoméfisigntly
concerned about the gving incompatibility of char
acter codes that heged the attendees of the Eastern
Joint Computer Conference toregister common
codes so that ‘a’ will alays be ‘a’ and ‘7’ will alvays
be ‘7, or so that we can program the translatiof.It
was rot until nearly fiwe years laterthough, by which
time at least twenty-nine incompatible codes were in
use’! that industry aganizations bgan to show an
interest in establishing a character code standard for
computers. Thdirst to male a nove was the Elec-
tronic Industries Association (EIA), which on May
25, 1960 proposed that the codes for the letters and
digits be tentatiely standardized as in Figure 39.

The X3.2 subcommittee

The American Standards Association (ASA) got
involved in character code standardization on August
4, 1960, when it created the X3.2 subcommittee for
Coded Character Sets and Datairfrat. X3.25 parent
organization, the X3 committee for Computer and
Information Processing standards, had been formed
on January 13, 1960Five aher X3 subcommittees
were also created in August to address other com-
puterrelated standards issu€s/4 The X3.2 subcom-
mittee (or X3-2, as its nameaw often spelled until
late 1961) met for the first time on October 6, 1960.
Its members decided that thehould first determine
what characters should be in the standard character
code, then in what order theshould appearand
finally how they should be represented in medra.

0 1 2 3
0 master sp K ) 0
1 upper case L - 1
2 lower case M + 2
3 line feed N < 3
4 carriage ret [e) = 4
5 space P > 5
6 A Q _ 6
7 B R $ 7
8 C S * 8
9 D T ( 9
10 E U " ’
11 F Y
12 G w ? /
13 H X ! .
14 | Y , O /special
15 J z @ stop idle

Figure 28. FIELDATA code, June 21, 1968 Ver-
sions of the code gén in Luebberts 195%° and
1960 articles difer in minor details.

00000 - - - - - 10000 - - - -0 T, 4
00001 O- - - - 10001 ©- - -O Z |+
00010 -O- 10010 -O- -0 L)
00011 OO - 10011 cO- -0 | W | 2
00100 - -O- 10100 - -O-0O H | nat
00101 ©-O- - 10101 ©-0-0O Y | 6
00110 -0OO- - I |8 10110 -0O-0O P|O
00111 OOO - - u,|7 10111 ©OO - 0O Q1
01000 - - -O- car ret 11000 - - - OO o9
01001 O- -O- D |nat| 11001 O- -0OO B| ?
01010 -0-O R| 4 11010 -O-00 G | nat
01011 ©O-O J |bell] 11011 OO -0O figures
01100 - -OO N |, 11100 - - OO0 M
01101 O-0OO F [nat] 11101 O-0OO0O X
01110 -0OOO - C|: 11110 - OOOO V| =
01111 OOOO - K| ( 11111 OOOOO letters

Figure 2. International €legraph Alphabet No. 2,
arranged in binary order

By the December 2, 1960 meeting of X3.2, the
work on the first part of that procedure had led to an
agreement that the standarduld hase © contain ten
digits, the letters A to Z, a blank, and probably about
ten punctuation marks and eightisiness symbols.
The meeting &s also attended by Meraig of AT&T
and Allen L. Whitman of Bell Laboratories, who pre-
sented the modified FIELATA code described alse.
X3.2 chairman Irving Liggett as enthusiastic about
it: ““This could be the X3-2 code if weark fast
enough. ’®
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0 1 2 3
0 K 0
1 L 1
2 M 2
3 N 3
4 o) 4
5 P 5
6 A o) 6
7 B R 7
8 C S 8
9 D T 9
10 E U
11 F v
12 G W
13 H X
14 [ Y
15 J Z

Figure 30. Electronic Industries Association tentati
standard for Basic Character Set Code, May 25,
196072

Many people in data processing, though, didn’
want to standardize a FIELATA-derived code. ‘The
computer industry representas’ most fundamental
objection to the character arrangement in the DOD
Fieldata codé L . L. Griffin wrote, ‘is that the special
characters (punctuation symbols) are placed higher in
the code structure than the alphabetic charatféis.
data processing, punctuation had traditionally been
sorted earlier than letters, and letters earlier than dig-
its; the FIELDATA order vas letters, symbols, digits,
and more symbolsA second point of dispute ag
that FIELDATA, and especially the Bell System rear
rangement of it, mied control and printing characters
together rather than isolating them in separate parts of
the code table.As the X3.2 code deloped, mag
characters wuld be repeatedly relocated to satisfy
either the data processing desire to group related char
acters together or the communications desire to
arrange characters as yhewere arranged on
keyboards.

X3.2 was, havever, dill officially at the stage of
choosing what characters to standardize aodldv
not decide until later in what order thghould appear
By the January 11-12, 1961 meeting, X3.2 members
were able to agree that the set should contain, in addi-
tion to the letters, digits, and blank pieusly agreed
upon, a period or decimal point)( minus sign or
hyphen (-), left and right parenthesésand) ), slash
(1), asterisk (*), number sign (#), comma)( percent
sign (%), and amscapecode that wuld gve acess
to other useful sets of charactefdo other characters
were unanimously supporté®8Members were askl
to bring to the follaving meeting complete lists what

characters the thought should appear in the main
64-character set and in what ordérgure 31 and Fig-
ure 32 are tw of these proposalsThe latter is actu-
ally cut davn from a 256-character superset that also
included laver case, Greek and Russian letters, and
numerous special symbols.

The March 8-9, 1961 meeting of X3.2 finally led
to a code (based on a proposal by RoberBémer
Howard J. Smith, and .FA. Williams) that nearly
evayone could agree upon-dbthere is some dis-
agreement aboutxactly what it vas that vas agreed.
According to the minutes of the meeting,otwodes
(Figure 33a and 33b)were identified which seemed
to accomplish most of the objes$. Thesere to be
studied so that a single proposed code can be identi-
fied at the net meeting. 8 According to Ry Reachs
report to fellev Honeywell emplg/ees, though, it as
the code in Figure 33c, which leftveeal assignments
still to be determined, thaiwas agreed upon as a first
approach, meeting almost unanimous agreeffént.
And in the May 1961 Communications of theGM
article by BemerSmith, and Wliams, it is the tvo
codes Figure 33d and 33e thatvéahe caption of
“the proposed standard cdd®.Of these fie cdes,
the second one from the minutes (Figure 33b) is
notable for its attempt to place characters thadld/
appear on the samekd a keyboard in the samewo
of columns 0 and 1.

A seven-bit code

Whatever may hare been agreed, the basic struc-
ture of the code &s not yet settledAt an April 26-27
meeting, X3.2 members discussed the idea of creating
a family of related codes of dérent sizes rather than
a dngle code. There would be a foubit numeric set,
a difted five-bit set lile International €legraph
Alphabet No. 2, a six-bit set for data processing, a
seven-bit set for communications or data processing,
and an eight-bitx@anded set® At an informal meet-
ing held during the \&stern Joint Computer Confer
ence, May 8-11, 1961 thewsa-bit set ‘was identi-
fied as the prime set for information interchange and
communicatiori.?*

In May, the s@en-bit set vas conceied as having
64 control characters in the first half and 64 printing
characters in the second half, the same arrangement
used in a seen-bit, extended ersion of the FIELD-
ATA code. Buthis was impossible because ttielete
control character had to be the character with all bits
set, and therefore had to be located at the bottom of
the rightmost rev. It was also impossible to malthe
first half of the code a block of 64 printing characters,
because thaull control character had to Ve o bits
set and therefore had to ocguhe top position of the
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0 1 2 3

0 0 space P (

1 1 A Q )

2 2 B R )

3 3 C S %

4 4 D T :

5 5 E U "

6 6 F \% ;

7 7 G W ?

8 8 H X escape

9 9 | Y line feed
10 # J z start
11 * K & stop
12 - L $ q\
13 + M Cr N
14 / N = carriage ret
15 (0] @ null

Figure 31L. Roy Reachs proposed major usage sub-
set, January 24, 196%.

0 1 2 3
0 0 ’ T M
1 1 # J N
2 2 * - O
3 3 $ O P
4 4 % A Q
5 5 / B R
6 6 @ C S
7 7 ? D T
8 8 < E U
9 9 > F \%
10 space > G W
11 + : H X
12 = | Y
13 , & J 4
14 X ( K £
15 - ) L A

Figure 3. 64-character subset of S. Porgeipre-
liminary symbol and code assignment for a 256-char
acter set,January 25, 1961°

leftmost rav. So a the June 7-8, 1961 meeting, the
printing characters were shifted into the middle 64 of
the 128 characters of avea-bit set (Figure 348

Several characters appear in the June 7-8, 1961
code that hee rot been preiously mentioned.In par
ticular there seems to V@ been an attempt to fill col-
umn three entirely with mathematical symbols in an
effort to male it suitable for use as a foudnit numeric
subset. Thangular tilde {) had appeared before, in
IBM’s dune 1960 Extended Character Set (Figure
35)%% 2where it represented gphen, and where the
horizontal line symbol (=) as used only for the
minus sign. Here the situation seems tovkabeen

mstr sp mstr sp mstr sp null mstr sp
blank blank blank blank blank

car ret " car ret "

line fd # line fd $ $

# $ #

% % %

# #
( (
O

o
-~
Co~NOOUA~AWNEO

o~~~ -]
o~~~ -]

o
N}
1
|
1

o
=
I
+

o
<
&
-
-

* /] ©| 00| N| O U1 B[ W N | O
| O 00| N O U1 A| W N O

T
line fd
car ret
figures
letters

s ¥ [ ©] 00| N| O 1| B[ W N | O

= 0| * €A ©| 00| N| O V1| A W N| | O

1/14 upper upper upper
1/15 lower lower lower

=[] ©| oo| Nl o 01| A w| N | o OIS IHN|<| X | <| |- v 10|10 Z|Zr| X o —Ienmoow> VA

N|<|X| S| <| C| | »n| 00| B0 |ZZ|r| X o —I|o|nmo o o >
N[ <[ x| =| </ | 4| v 1|0 1| 0| |Z|Z|r| = | —| || 7 m oo w >

car ret control
line fd control
3/14 escape| escape| escape| control escape|
3/15 delete delete delete control delete

a b c d e

N <| X S| <0 D010 ZZ rXa—I|6nmo olm >

N/ <| X S| <|c|Hl0n D010 ZZ mXo—Iomnmoolm > v|iA

Figure 33. Conflicting reports of the March, 1961
X3.2 code proposal(a) first proposal, from minutes;
(b) second proposal, from minutéc) proposal, as
reported by React (d) data processing code, from
CACM; (e) transmission code, from CM.%?
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0 1 2 3 4 5 6 7
0 null blank| 0 = K
1 |upper ! 1 Z L
2 | lower " 2 # M
3 |carret ? 3 % N
4 |line fd $ 4 T ¢}
5 ’ 5 - P
6 & 6 A Q
7 - 7 B R
8 ( 8 C S
9 ) 9 D T
10 ; + E U
11 —~ F \Y
12 * < G w
13 / > H X
14 x ] Y escape
15 \ J z delete

Figure 3. X3.2 code, June 7-8, 1961.

reversed, as the tilde is grouped with the mathematical
symbols and the horizontal line with the punctuation.
In either case, the angular tilde appears to be unrelated
to the tilde diacritical mark).

The up (") and left () arrows are probably in the
code for the corenience of Algol programmers
(although a 1978 article by Robert Bemef® seems
to suggest that the twcharacters were included at
Teletypes request). Incontrast to the értran pro-
gramming language, in whichitere is a separatesi
on the leypunching deice for each character used in
FORTRAN statements... [and]efpunching a FOR-
TRAN program is therefore a process similar to that
of typing the prograr®’ Algol programs are written
on paper in a'reference language,printed in a
“ publication languagéand entered into a particular
computer by transliterating them into ‘@ardware
representatioh’ appropriate to that computt
Transliterating the reference language intgthing
very far remaoed from it tends to mak programs
unreadablé&® so character codes were soon proposed
that would allov the hardvare representation to be as
close as possible to the reference lang§&gé. %2

In the Algol publication languagexgonents are
written using superscriptsin Algol 58, the corre-
sponding reference language used pairedwarro
suggest the start and end of the superscrifix
example, 2 in the publication language becan52
in the reference languagéen 1959, Herbert Kanner
proposed that a single awde wed instead (P5),%
and his suggestionag adopted in Algol 6% The left
arron (<) has a less direct connection to Algdthe
do statement in Algol 58 used a right arrcharacter
(=), but according to Herb Bright, mgrAmericans
would have preferred to use a left amoinstead. The

0 1 2 3 4 5 6 7
0 |blank| [ & c k S 0 8
1 + O + C K S 0 8
2 - ] $ d I t 1 9
3 z ° = D L T 1 9
4 O - * e m u 2 .
5 { = ( E M U 2
6 ™ - / f n \Y 3 -
7 } v ) F N \Y 3 ?
8 g % , g o] w 4
9 O \ G O w 4
10 N [ h p X 5
11 Il \ H P X 5
12 > # a i q y 6
13 > ! A | Q Y 6
14 < @ b j r z 7
15 < —~ B J R z 7

Figure 35. An Extended Character Set Standard,
June 1, 1966°

“yielded on this item to the Europednsut one of
Bright's Algol-oriented character code proposals left
open the option to point it left instedd.

The code of Figure 34 as designed with politics
as well as technical issues in min@n April 25,
1961, the Committee on Military Systemeschnical
Standards had informed a dgdgon from X3.2 (John
Auwaerter L. L. Griffin, Irving Liggett, and Allen L.
Whitman) that ‘the military, for lack of an industry
standard and lack of definié action to establish such
a gdandard, decloped their an standard, Fieldata....
An industry standard which is &fent from the
mil[itary] standard wuld hare © present strong
adwantages wer the millitary] standard before it
would gain acceptance by the militaty® So the June
X3.2 code vas designed so that reordering code
columns 4, 5, 2, and 3 as columns 0, 1, 2, and 3,
respectiely, would at least put the letters and digits in
the same places FIEIAJA put them. This would
maximize the palatibility of the X3.2 code to the
Department of Defense and minimize thdidifity of
building translators to interoperate withxigting
FIELDATA equipment. Thergvas even talk of nam-
ing the code Fieldata Il or Fieldata 1961 to emphasize
the codes’ similarities?

There vas also a seconekrsion of the X3.2 code,
with the characters arranged for international compati-
bility rather than military compatibility In January
1961, Hugh McGrgor Ross had published an article
about the character code of the Ferranti Orion and
Atlas computerS! Several versions of this code were
proposed to the British Standards Institution (BSI) as
possible standards, notably the six-bit codenshm
Figure 36. Ross and X3.2 alternate Robert Bémer
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had met in Februayyl960? and the secondevsion of

the X3.2 code (Figure 37)ag arranged so that the
most important characters in its columns 2, 3, 4, and 5
would match Ross'olumns 0, 1, 2, and 3.

The June 7-8 proposal, in either of itsrsions,
made only minimal concessions teykoard design.
On July 11, 1961, John Awerter sktched the
keyboard that wuld naturally result from the X3.2
code (Figure 38), leading Allen L. Whitman to com-
ment that ‘from the standpoint of ordinary Bell Sys-
tem teletyperiter operation, this éyboard is in my
opinion a monstrosity!% It appears that, as a result,
on August 4, either X3.2 members or Whitman
designed an altered code (Figure 39) that could be
produced by adyboard much closer to that of a stan-
dard electric typeriter (Figure 40).

Movement toward a draft standard

The September 14-15, 1961 meeting of X3®& sa
further revisions of the printing characters of the code
and the most elaborate plans so for the arrange-
ment of the control character$he angular tilde{),
multiplication sign &), and ‘ertical line () were
deleted and replaced by an at sign (@) and less-than-
or-equal-to €) and greatethan-orequal-to ) opera-
tors. A motion was specifically passedto try to
design a 7 bit set with due consideration for the
requirements of an 8 bit set and tlegtoard; so the
code that resulted from this meeting made for a better
keyboard than the one from Junai{lmot as good as
the proposal from August)rigure 41 is the code as it
appeared in the minutes of the meefifffHoneywell
representatie Roy Reachs drawing of the code chart
shaved a lavercase alphabet in columns 6 and 7, an
addition that wuld not oficially be made until the
end of 1963.) According to Reach, the committee
was “attempting to prepare a report to X3 for a rec-
ommended standard Character Set by earlyeide
ber” He further reported that all members were in
agreement xxept Havard Smith of IBM, and that
IBM'’s dternate membemRobert W Bemer had ne-
ertheless indicated that IBMnould be \ery pleased
with this proposed Character Set anouid go along
with it.” 193

On September 28, 1961, Bemer wrote to the mem-
bers of X3.2 that he should & suggested at the
meeting that the committee not add less-than-or
equal-to €) and greatethan-orequal-to £) signs to
the code, bt instead also remre the not-equal-to)
sign and assign the three characters’ positions to left
([) and right () brackets and a rerse slash \).1%
He cited statistics indicating that the three symbols he
proposed to replace were rarely used in actual Algol
programs and that the bratk were ery frequently

0 1 2 3

0 space 0 P

1 1 A Q

2 carriage ret 2 B R

3 line feed 3 C S

4 takulate 4 D T

5 backspace 5 E U

6 shift out 6 F \%

7 shift in 7 G W

8 ( 8 H X

9 ) 9 [ Y
10 10 J z
11 £ 11 K
12 L
13 + M arq
14 * - N escape
15 / O erase

Figure 36. BSI Proposed Standard 6aEk Tape
Code, January 23, 1964.

0 1 2 3 4 5 6 7
0 null blank| 0 = P
1 ! 1 A Q
2 " 2 B R
3 ? 3 C S
4 $ 4 D T
5 ’ 5 E U
6 & 6 F \Y
7 - 7 G w
8 ( 8 H X
9 ) 9 | Y
10 ; + J VA
11 — K %
12 * < L #
13 / > M %
14 X N 0 escape
15 \ (0] - delete

Figure 37. “ X3-2 Code Alphabet Set Being Studied
for International Compatibility June, 196%°

used. Theeverse slash, hexplained, could be com-
bined with the slash to form approximations of
Algol’'s logical and ([J, /\') and logical or (O, \ /)
operators, and by itself could represent‘ravérse
division” operator as it had in the IBM Extended
Character Sét’ In addition to this prior use in com-
puting, there s also a precedent for including the
reverse slash in communications codes: a 1937 man-
ual and 1945 parts list slothe character on the
keyboard of a Eletype Wheatstone Perforatdr 19

At the November 8-10, 1961 X3.2 meeting, the
proposed character substitutions were unanimously
approved and the control characters were repeatedly
rearranged. (Thadknowled@ character s placed



HHHHBHEHHBRE
1234
olwielnlrlvivl o] 7lH«

cont fee htah stovta
A S G| H

wru|| eoaleom| % ; .
WHHHIEHHDDIW

Figure 3. “ Proposed Kyboard Layout Based on
X3-2 Subcommittee 7-Bit Code of June 9, 196%.

IN

7

blank

space

feed

stop

upper

lower

wru

eoa

eom

0 ~NO U~ WNPRFE O

eot

ans bk

©

h tab

=
o

C =~ R I R ]
N| <| X| S| <| C|H| »n| B|O| B 0

v tab

=
[

car ref

=
N

bell

=
w

A H| T[>0 N o 01 B W N | O] w

line fd

N
~

RS
-~

stunt

=
a1

O ZIZr X — I nmo Ol wm >

rubout

Figure 3. X3.2 code, August 4, 19691

x| #] 8| % & || () — ||rub
1234|565 70819 + || out
stop| eot uc ||wru|/htabl eoa feed er | i
QIW|E|R|T|Y|U P
cont Ic
Al S FIG|H|J|KI|L
shi |vtakansh eo ? shift
Z|{|X|C|V N | M /

Figure 40. “ Keyboard Layout Based on X3-2 Sub-

committee 7-Bit Code of August 4, 1961

in position 7/12 because that posit®rit pattern,

1111109,
September 1961 code had put it in position 6/0,

which also has a mechanically @enient bit pattern:
110000Q. Some International dlegraph Alphabet

is easy to generate mechanicallyThe

No. 2 equipment used the letter VG@OOO) as an
acknavledgement characrfor the same reasonA
motion was passed to g the draft the naméPro-
posed American Standard Code for Information inter
chang€,t he word “proposed’'to be celeted when the

code

vas

appreed a a sandard®’

The

-16-

0 1 2 3 4 5 6 7
0 null dd |blank| O ! P |ans bk
1 ru dd ’ 1 A Q
2 dd 2 B R
3 dd < 3 C S
4 wru dd > 4 D T
5 |[mtstp| dd $ 5 E U
6 |vtab| dd % 6 F \%
7 |htab| dd & 7 G W
8 | feed ( 8 H X
9 |trasta ) 9 | Y
10 bell : ; J VA
11 |rlon * + K #
12 | rl off |line fd ? L @
13 |r2off [carret - = M z
14 | r2 on| upper - N < escape
15 |tra stp| lower ™ (0] > delete

Figure 41. X3.2 code, September 14-15, 1964.

corresponding acrgm, ASCII, was pronounceable
enough that it became the colloquial name for the
code. Adraft of the proposed standard (Figure 42)
was dstributed on Neember 288

Inter nationalization

While the letters, digits, and parentheses of the
X3.2 code had been arranged for compatibility with a
proposed British standard, and X3.2 had been repre-
sented at the first meeting of the Internationajair
zation for Standardizationethnical Committee 97
Working Group B (ISO/TC 97/WG B) on May 18,
19611%° most of the details of the proposed American
standard had beenonked out without ay coordina-
tion with other standards ganizations. © rectify
this, in January 1962, John Auwerter and Leon
Bloom travelled to Europe to meet marwf the people
who were verking on character code standards there.

Their first destination ws Rris, France, where
they spent January 3-5° There thg learned from
H. Feisell, the chairman of TC 97, that only three
groups were ligly to hare character code proposals
ready to present before TC 8ctober meeting: the
American Standards Assocation (ASA), the British
Standards Institution (BSI), and possibly the Euro-
pean Computer Manafturers  Association
(ECMA).1L All three of these groups were already in
agreement about the locations of the digits and letters
in a six-bit code.The BSI and ECMA further agreed
that, in the six-bit code, the controls should be in the
first half of column 0 and the most important symbols
in the bottom half of the same column, while the
Americans had stopped including controls in their six-
bit set and had spread symbols through the entire col-
umn.
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0 1 2 3 4 5 6 7

0 null | rlon|blank| 0 ! P

1 som [r2on| ' 1 A Q

2 |moff | xon 2 B R

3 ru eoa < 3 C S

4 wru | rlof| > 4 D T

5 eot [ r2of | $ 5 E U

6 | htab| x off % 6 F \%

7 ff eom| & 7 G w

8 |vtab| dd ( 8 H X

9 dd ) 9 ] Y
10 bell dd . T J pd
11 dd , - K @
12 cr dd * + L \ ack
13 If dd : ; M [
14 uc dd - = N ] esc
15 Ic dd / @) # del

Figure 42. Proposed American Standard Code for
Information Interchange, Nember 28, 1961%

This was only a minor incompatibilitythough,
and it was agreed thafit' would be highly desirable if
a sngle proposal from all three groups could beetle
oped in time for the TC-97 meeting so asvoia fur-
ther solidifying each of their positions alongfeient
lines” In Munich, Germay, January 16-17, Dr
Lockemann, the chairman of ECMA TC-1,
“ expressed wholehearted apypaly’ of the idea of a
unified proposal and wited X3.2 representags to
attend the March meeting of TC-1.

At that March meeting'? Hugh McGrgor Ross
proposed that the wen-bit code be structured for six-
bit compatibility by dviding the controls into four
distinct sections of eight characters apiece: switching
system controls, page format controls, information
separators, and terminal controlss Dr. Neubauer of
Lorenz had proposed January 184%the page for
mat controls ¢arriage return, line feed horizontal
tab, vertical tah and form feedl would be arranged in
a hierarchical order so that theould also be used as
data delimiters in the six-bit set.

There vas also discussion of Wwoto arange the
punctuation in a umersally acceptable ay. The
British wanted a foubit decimal subset to include
digits O through 9 plus 10 and 11, periogd, (dash
(/), minus (=) and plus (+) ECMA wanted the fol-
lowing additional symbols to be included in the six-bit
set: parentheseg (and) ), comma (), asterisk (*),
ampersand (&), percent (%), equals (=), apostrophe
('), and semicolon [). Six-bit (Figure 43) and
seven-bit (Figure 44) codes were arranged thatld
meet most of these requirementst the percent sign
was left out of the six-bit codeThe colon and dollar
sign, which had no international support, were

arranged so that thiewould be displaced by the 10
and 11 when necessary

Allen L. Whitman remained dissatisfied with the
keyboard that wuld correspond to this codeOn
April 2, 1962, he obseed that ‘the X3.2 Subcom-
mittee at its rgular meeting in Chicago on April
11-13 will consider the possibility of making changes
in the proposed American Standard Cbded sub-
mitted another proposal of hisvo because‘this is
the last minute at which such changes could be con-
sidered at all.}** Whitmans proposal (Figure 45)
paired, for the first time, the comma)(and period
(.) with the less-than (<) and greatban (>) signs,
respectiely, and ordered the symbols paired with the
numbers approximately as thevould hare been on
the lkeyboard of a manual typeiter. The April X3.2
meeting yielded yet another possible code (Figure 46),
this one incorporating some of Whitmargroposals
but in other ways remaining closer to the proposed
standard from the pvéous November

Working Gr oup B meets

The design of the possible international standard
solidified further at the May 2-4, 1962 meeting of
ISO/TC 97/WG B!'® First the German Standards
Organization presented a code (Figure 47) similar to
the one being proposed by the BSI, ECMA, and ASA,
but with the alphabet lggnning at the top of the col-
umn rather than &fet by one position(The reason
for the one-character fskét has neer been e&plained
very well. Rosss 1961 article only says thait‘ has
been found preferable that letter A shouldehgosi-
tion 1, B, 2, etc., as in most British 5-track computer
codes.)®” E. G. Cluf presented the joint proposal
from the BSI, ECMA, and ASAA small group vas
then formed to wrk out a compromiselts members
were Leon Bloom (NCR, U.S.A.), Mburand (Bull,
France), Mr Lockemann (Siemens & Halsk Ger
mary), and Hugh McGmgor Ross (Ferranti, U.K.),
who had submitted the proposals;Brenfait (Union
Internationale des Chemins de Fer), E. G. fCluf
(I.C.T., ECMA), and Richard Gottlieb (Qitti, Italy),
who would obsere; and H. Feisell (Bull, France), the
president of WG B.

The group met the morning of May 3 and returned
with two possible arrangements of the controls (A and
B, Figure 48) and a preliminary arrangement of the
printing charactersNo agreement could be reached
that afternoon about which ordering of the controls
was hbetter The net morning, the group met am
from 8:45 to 10:30, and returned with a complete plan
for ordering the characters in the symbols and digits
columns. Thesharacters in the column adjacent to the
digits were specifically chosen so yh&vould be



0 1 2 3
0 space 0 ’ P
1 ht 1 A Q
2 nl 2 B R
3 vt 3 C S
4 ff 4 D T
5 bs cr 5 E ]
6 so 6 F \Y
7 Si 7 G W
8 ( 8 H X
9 ) 9 | Y
10 * $ 10 J Z
11 : 11 K
12 ; L
13 ? M
14 - = N esc
15 & O del

Figure 43. Six-bit code from ECMA TC-1 and ASA
X3.2 joint meeting, March 8-9, 19632

0 1 2 3 4 5 7

0 nul | rlon| sp 0 ' P

1 r2on ! 1 A Q

2 ru xon " 2 B R

3 wru bel # 3 C S

4 som | rlof | @ 4 D T

5 eoa | r2of % 5 E U

6 eom | xof < 6 F \%

7 eot | mof > 7 G w

8 dd ( 8 H X

9 ht dd ) 9 ] Y
10 If dd * $ J 4
11 vt dd : K T
12 ff dd ; L \ ack
13 cr dd ? M -
14 uc dd = N [ esc
15 Ic dd & @) ] del

Figure 4. Seven-bit code from ECMA TC-1 and

ASA X3.2 joint meeting, March 8-9, 196%?

paired appropriately on aiboard (Figure 49)Code
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tables were wrked out for the combination of each of
the two possible arrangements of the controls with

these symbols.In an informal wte, Germayn sup-

ported arrangement A; France, Great Britain, and the
U.S.A. supported arrangement B; and Italy abstained.

Figure 50 and Figure 51 are the six- andesebit

codes of the majority preference, solution B.

In the United States, X3.2 quicklyvieed its code

to match what &s agreed upon at the ISO meeting.
They proposed, though, to interchange the agreed
positions of the asterisk (*) and plus (+) signs with

those of the colon :) and semicolon {),
so that the plus and asterislowld be

respectiely, !’

0 1 2 3 4 5 6 7
0 sp 0 @ P
1 ! 1 A Q
2 " 2 B R
3 # 3 C S
4 $ 4 D T
5 % 5 E U
6 ! 6 F \%
7 & 7 G W
8 ( 8 H X
9 ) 9 | N
10 . > J z
11 < K T
12 = + L \
13 : M -
14 - * N [
15 ? o |

Figure 45. Printing characters fromsen-bit code
proposed by Allen L. Whitman, April 2, 196
Heavy borders indicate characters pairededéntly
from the March 8-9 code.

0 1 2 3 4 5 6 7

0 nul sp 0 @ P

1 eot | stop ’ 1 A Q

2 eom | dc3 " 2 B R

3 eoa | dc2 ! 3 C S

4 som | dcl # 4 D T

5 wru % 5 E U

6 ru err $ 6 F Vv

7 bel | eob & 7 G w

8 tcl | lem ( 8 H X

9 ff s4 ) 9 ] Y
10 vt s3 : ; J VA
11 If s2 * + K [
12 ht sl < L \ ack
13 cr sO . > M
14 so - = N esc
15 si ? (0] - del

Figure 46. Code from X3.2 meeting, April, 1963%
Heavy borders indicate characters pairededéntly
from Whitmans April 2 proposal.

retained when the 10 and 11 characters were needed, a
change also supported by ECMAA copy of the
code, dated May 25, 1962 aw submitted to the X3
committee for consideration as the proposed Ameri-
can Standard Code for Information Interchahde.

The Hollerith challenge

Not everyone, though, &s happ about the idea of
standardizing a character code that hademéeen
tried on agy existing equipment, \&n if it did have
international supportOn March 9, 1962, the @ie
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0 1 2 3

0 nul 0 A Q
1 end job 1 B R
2 end form 2 C S
3 new line 3 D T
4 hor tab 4 E U
5 space 5 F \%
6 shift out 6 G W
7 shift in 7 H X
8 & [ 8 | Y
9 % ] 9 J z

10 ( ; K

11 ) L

12 / + M

13 N cs 10

14 - = O esc

15 P del

Figure 47. German code proposal, April, 1962.

A: seven-bit A: six-bit B: seven-bit B: six-bit
null null null space
eot stop ff som dcl ht
eom dc3 vt eoa dc2 nl
eoa dc2 nl eom dc3 vt
som dcl ht eot stop ff
wru error space wru error 5
ru sync ) ru sync )
bell eob si bell eob Si
lem sO

ff s4 ht sl

vt s3 nl s2

If s2 vt s3

ht sl ff s4

cr sO cr lem

) )

si Si

Figure 43. Control arrangements A and B, ISO/TC
97/WG B meeting, May 2-4, 1962°

Machines Group Engineering Committee of X8.2'
sponsor the Business Equipment Mamgturers
Association, declared that the proposed standard code
could not be implemented economically infic#
equipment and recommended that the X4 committee
on Ofice Equipment e X3 ‘to direct X3.2 to con-
sider rearrangement of the proposed graphic subset so
as to mak it more closely compatible with the Hol-
lerith Code” as used on punch cards®

Punch card codes ¥m been nglected so dr in
this paper According to Brian Randed’summary of
an anogmous article in his Annotated Bibliograph
on the Origins of Digital Computet4? Charles Bster
invented the first alphabetic printing mechanism for
takulating equipment in 1916This date is called into

HHHHHHEHHBHE
1234|565 70819 :

= olwlelalr[v]u] i [a]® e
el als]o]ealnlsl k]| t]a

Figure 49. Keyboard of Eletype Model 35 tele-
printer (1964):1® shawing character pairings estab-
lished in 1962 by the ISO/TC 97/WG B character
code proposal.

space null

0 ~NOUAWNR O
—
IS
EY

OO N OO WN PO -

N| <X S| <|c|H| »n B0 B w

©
~

=
o

10
11
cs
%

=
[

nat [

nat \

nat ]
esc
del

=
N

[N
w
|

VI Al +]| *

H
N
)

O ZIZrXal— I nmo o o>

=
a1
-

Figure 50. Six-bit code B, ISO/TC 97/WG B meet-
ing, May 2-4, 19631°

question, havever, by Fosters 1918 U.S. patent?tin
which he refers to a British patent he had nesgkfor
an alphabetic printer in 1915Vheneer he may hare
invented his first printerit did not do a completely
satishctory job of printing alphabetic characters
because his code (Figure 52) did notvite for the
letters J, Vand X. By November 1915, Robert Neil
Williams had deeloped a second alphabetic printer
for punch cards that used afdient encoding (Figure
53) to support the entire alphabét.

One descendant of theilams code that was still
in use decades later can be seen in an April, 1961 arti-
cle by Hugh McGrgor Ross? as can seeral others
designed along d#rent lines. IBM’'s earliest alpha-
betic code (Figure 54a)as mostly a cop of the
Williams code bt replaced the yphen (=) with a
character for Mc and shifted the remaining characters
so thg were still in alphabetical ordetBM employ-
ees then xperimented for seral years with man
other possible ays to assign letters to punch card
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0 1 2 3 4 5 6 7
0 nul dgy sp 0 @ P
1 | som | d¢ ! 1 A Q
2 eoa | dc, " 2 B R
3 | eom| dg # 3 Cc S
4 eot | stop| $ 4 D T
5 | wru | err % 5 E U a. James WBryce, March 23, 1925 (October 4, 1932)
6 u sync & 6 F v 0123456789 ABCDEFGH| JKLMNOPQRSTUMWMXYZ Mc & . ,-¢$/"
7 bel | eob 7 G w | | | s T
8 fey % ( 8 H X
9 ht s, ) 9 I Y
10 nl S, : * J z
11 vt S3 + K na;/ [ 50: N - - -
L I B < | L [naf\ b. Reter Dechéne, Nember 27, 1929 (March 21, 1933)
13 cr S5 - = M [nafl ]
14 ) S } > N B esc 0123456789 ABCDEFGH | JKLMNOPQRSTUWXYZ Mc & . ,—¢$/"
15 Si S; / ? (0] - del

Figure 51. Seven-bit code B, ISO/TC 97/WG B
meeting, May 2-4, 1962>

ABCDEFGHI JKLMNOPQRSTUVWXYZ
HDDDDDDDD 0 0o

- D ....... -
- - D ...... -
D---=-- ----- 0----- -

'
'
'
'
'
'
'
'
'
=
'
'
'
'
'
'
'
'
'
'
=
[= I B B R B |

Figure 52. Charles Bsters dphabetic card code,
September 18, 197!

ABCDEFGHI JKLMNOPQRSTUVWXY Z -

f. Gustar Tauschek, September 6, 1933 (August 6, 1935)
0123456789 ABCDEFGH| JKLMNOPQRSTUWWXYZ Mc & . ,-¢$/"

000000000 --------==------
I opg-o---Cooot o- - - -

Figure 53. Robert Neil Wiliams’s dphabetic card
code, Noember 13, 191522

codes (Figures 54b-54q) beforesetually settling on
the code in Figure 54hUnlike most of the other
codes in Figure 54, this code presarthe traditional

o

use of punches 0 to 9 to encode the digits, arranges p_ajpert W Mills, September 24, 1932 (October 8, 1935)
the letters in such aay that thg are easy to sort, and

preseres the structural stability of cards byvee

punching holes in adjacentws of the same column. , X .
This is the ‘Hollerith”” code with which the X4 inventors who assigned patents to IBM in the late

Figure 54. Some of the punch card codes cited by

committee vanted the standard code to presemm- 1920s and early 19308 125 126 127, 126, 128, 130, 131

patibility. Charles E. Mac&nzie of IBM brought one
possibility for a Hollerith-compatible code to the  the subcommittes’'meeting and presented an eight-bit
attention of X3.2 in August, 1962, when he attended “extended character setr ECS (Figure 55).Like
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the proposed standard code, Makies was struc-
tured for easy sorting: control characterswd sort

earliest, then space, then punctuation, then letters, and

then digits. And to an gen greater &tent than the
proposed standard, his codasmesigned so that the
type of a character could generally be distinguished
by its binary pattern (for instance,yacharacter with
the code 1111xxxx wuld be a digit).

The main appeal of Maekzies ode, though,
was its relationship to the Hollerith coddzarlier in
1962, IBM had established an internal standard for the
six-bit binary representation of the decimal-oriented
Hollerith card code, which &s referred to as the
Binary Coded Decimal Interchange Code, BCDIC
(Figure 56). Mackenzies paper claimed that eight-bit
ECS characters could be vidlly translated into
BCDIC-compatible six-bit characters by strippind of
the two most signficant bit$3? The actual code pre-
sented in the paper seems to require a adraemore
complicated transformation to get from ECS to BCD.

The members of X3.2 were not ewomced.
John B. Booth meed that ‘the material proposed by
Mr. Mackenzie... hadeen regiewed and, since it is
based on a structure whichasv rejected earlier by
X3.2, the X3.2 subcommittee does not recommend
revision or withdraval of ASCII of May 25, 1962.
After a s@en-to-one wte (with one abstention) in
favor of Booth's motion, discussion of the proposed
code vas terminated®* But despite the X3.2 subcom-
mittee’s rejection of the ECS code, with vaeal
changes it eentually esolved into EBCDIC (Figure
57), the character code of IBM 360 series
computers:>®

Meanwhile, for the xsting proposal there as
still the question of what should appear in the tw
rightmost columns of the gen-bit code. In Septem-
ber, 1962, X3.2 formed a task group, X3.2.4, to study
the possibilitieg3® E. J. Laevis and W H. McKenzie
believed that the columns should be used for addi-
tional control characters and listed 88 possibilities.
“ That certain groups need thevier case alphabet is
insufiicient reason for putting the alphabet into the
unassigned aréa;hey believed. “Those that actually
use the laver case alphabet represent a small special-
ized group.®’ (Their typed proposal, naturallysed
lower case.)But John Auvaerter wrote to K. J. Amos
that he belieed ocontrol characters were the least
likely use to which the unassigned area might be put.
He thought a lever case alphabetas the most popu-
lar idea and that additional programming language
characters were second in populati§Hugh McGre-
gor Ross named the additional possibilities of super
script and subscript digits and common fractibiisn
the first draft of the proposed ISO standard, issued in

0 1 2 3 45 6 7 8 9 1011 12 13 14 15
0 sp M? ! im0
1 lemsom / alj JIA|J 1
2 eod b|k|s|~|B|K|S|2
3 eom.|$|,|[=|c|l|t|-|C|L|T|3
4 wrd ) [* [ (| |dimju|{|D|M|U|4
5 ru [|]|ws|:|e|n|v|} E|N|V|5
6 bel <|; |\ |>|f|o|lw|O/F|O/W|6
7 skigmmcismtm| g |p|x |[O[G|P|X |7
8 vt|+]|-sb hig|y|O/H|Q|lY |8
9 ff i|r{z|=-]1|R|Z|9
10 syil eb|err =
11 ack 3
12 |re|pf|pn|by
13 |ht|cr|lf [rs
14 |lc|bs|il |uc
15 |et el

Figure 5. “A Compatible 8-Bit ECS Code for Infor
mation Interchang&A ugust 17, 196332

0 1 2 3
0 space b - & +
1 1 / J A
2 2 S K B
3 3 T L C
4 4 U M D
5 5 Vv N E
6 6 w ¢} F
7 7 X P G
8 8 Y Q H
9 9 z R [
10 0 + ! ?
11 # = , $
12 @ % ( * o )
13 ] [
14 > \ ; <
15 - HF A ES

Figure 5. IBM’s Binary Coded Decimal Interchange
Code, 19623

January1963, the area remained unassigHd.

In March, 1963, ECMA published a six-bit code
corresponding to the ISO draft as standard ECMA-1
(Figure 58)*! On June 17, the American Standards
Assocation follaved with X3.4-1963, its sen-bit,
ISO-compatible, American Standard Code for Infor
mation Interchange (Figure 5%y 143

The CCITT gets involved

The CCITTSs Working Farty on the Ne Tele-
graph Alphabet, ganized in Decembetl960, finally
met for the first time from May 13-15, 1983There
was o reason to start from scratch when the 1SO
character code proposal a& already so well
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01 2 3 45
nul|dle| ds sp| &
sohdc1sos
stx|dc2 fs
etx/tm
pf resbyp pn
ht\nl|If [rs
Ic | bs|etb uc
del il |esceot
carn
em

5MImMcc|sm ¢
vt |culcuZcu3
ifs dc4
cr |igsiengnak
so|irs|ack
si |ius|bellsub

10 11 12

N
w
=
~
N
o

~i|o
<
©
[{e]
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= I|® mmog 0w >
1O 1o ZZr| X o
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—| |~ A|-

=
a1

Figure 57. Extended Binary-Coded Decimal Inter
change Code (EBCDIC),vision of August, 19763

0 1 2 3
0 fo /space 0 null P
1 fq ht 1 A Q
2 fy If 2 B R
3 fa vt 3 C S
4 fa ff 4 D T
5 fs cr 5 E U
6 SO 6 F \%
7 si 7 G W
8 ( 8 H X
9 ) 9 [ Y
10 * 10 J z
11 + ; 11 K nat [
12 < cs L nat \
13 - = % M nat ]
14 > & N escape
15 / ? O delete

Figure 58. ECMA Standard for a 6 Bit Input/Output
Character Code, March, 196%.

developed, so it vas used as a starting poirithe ISO
proposal, though, did not include thewkr case
alphabet and the #vacent marks that the CCITT
considered essentialThe unassigned areaaw the
natural place to add thewer case alphabet,ub
adding the accents as welbuld hare put the total
number of necessary printing characters and controls
at 135, seen too maty for a seen-bit character code.
ISO representates “stated that there were certain
parts of the 7-bit code which were ‘softer’ than others
and which were, therefore, more readily subject to
replacement’ so that the character count could be
reduced. Thé softest’ were the three characters fol-
lowing the alphabet, which were already reedrior

0 1 2 3 4 5 6 7

0 null | dgg | spc 0 @ P

1 | som | dg ! 1 A Q

2 eoa | dg, " 2 B R

3 | eom| dg # 3 Cc S

4 eot | dg $ 4 D T

5 wru | err % 5 E ]

6 ru [ sync| & 6 F \%

7 bell | lem ’ 7 G w

8 fey % ( 8 H X

9 |ht/sk| s ) 9 | Y
10 If S, * : J z
11 | vtab | s + ; K [
12 ff Ss < L \ ack
13 cr S5 - = M ]
14 o) S . > N T esc
15 Si S; / ? (0] - del

Figure 5. American Standard Code for Information
Interchange, June 17, 196%.

national use; then the at sign (@) andwsd}, ),
and finally if necessarythe eclamation point (!),
guotation mark ("), number sign (#), and cursenc
symbol, all four of which were already@uded from
the six-bit code.

At its October 29-31, 1963 meetihtf, ISO/TC
97/SC 2 made changes to the proposed ISO code to
meet the CCITT reeds. Itvoted to place the lger
case letters in columns 6 and 7; only France supported
adding a note indicating possible other uses for the
former unassigned arealhe formerly unspecified
format efector Owas assigned to be thbadkspace
character; accented letters were to be transmitted as a
sequence of three characters: the lethadkspace
and the accentThe quotation mark (") and apostro-
phe () were modified in appearance soytlweuld
also sere s umlaut () and acute ) accents, and
the up (") and left () arrows were remeed and
replaced with circumfle (™) and grare () accents.
The number sign (#) as given an dternate meaning
as the tilde (). If the three characters folling the
lower case were to be resedvfor national use, as the
characters follwing the upper case alphabet were, the
adcknowledg control would hare b be moved. Italy
proposed that it be relocated to position 6/0 (as in the
September1961 X3.2 code) and print as an underline
-

By the end of the meeting, the code table &bk
like Hgure 60. A second draft proposal, incorporating
the changes, as distrilbnted in December196314° It
gave this eplanation of the dual assignment of the
tilde and number sign!lh position 2/3 of the 7-bit
set, [a] unique choice should be made between the
preferred proposal to use tildé’)(and the second
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proposal to use the number sign (#)his note is not
intended to be included in the final Recommenda-
tion),” and included the follwing note for position
6/0: “If an ‘Acknowledge’ (Ack) signal is required it
should be coded in this position and the ‘Underline’
sign becomes its graphical representationhe code
chart shwvs positions 2/2 and 2/7 as accent marks, b
it is clear from the te that thg still were intended as
punctuation as well.

At its December 17-18, 1963 meeting, ASA task
group X3.2.4 concluded that itonld rather kep the
number sign (#) than thexelamation point (!) so it
would rather see the tilde’) replace the latter rather
than the former Further motions established a prefer
ence to place the underling ) in position 4/0, not 6/0
and the at sign (@) in position 6/0, not 4An ad hoc
committee (Eric Clamons, O. R. Arne, C. J.vBa
W. Y. Lang, and L. R. Urner) was established to con-
sider what characters should be assigned in the United
States to the national use positions felltg the
lower case alphabetThey decided that a left brace
(), vertical line (), and right brace}( would be
useful and wuld remain comprehensible when ythe
were mapped onto the bratk and backslash in
uppercase-only ersions of the codeThey further
decided that if the tilde did replace theckamation
point, then the xxlamation point could replace the
vertical line14°

There is no x¥planation in the minutes of whhe
task group thought it as a good idea to switch the at
sign (@) and underline (). Charles Macknzie, who
was present at the meetingxm@ains in his book,
Coded Chaacter Sets, History and Delopmentthat
“ it was forecast that, in the French natioraiant of
the ISO 7-Bit Code, @ euld be replaced by &ince
a is an accented small letteit should be in columns 6
or 7 where the other small alphabetics were posi-
tioned” He goes on to say that the U.S.A. requested
the at sign in position 4/0 and France in position 6/0
and that ‘it actually moved back and forth at succes-
sive meetings,? a gatement that seems to contradict
both the X3.2.4 minutes and the later ISO drafts.
Unfortunately other countries’ comments on the 1SO
second draft do not makhe situation ay clearer It
is recorded that the U.K. supported the switbav-
ing in mind assistance to certain countries who may
have dfficulties with certain xtended letters'4” and
that Germay also proposed the change so that the
underline ‘will then be nearer to the other special
symbols: 148 Whatever the reason, the underline and
at sign traded places in the May 20, 1964 third draft
(Figure 61)14

The third draft incorporated we&al additional
changes resulting from the May964 meeting of

0 1 2 3 4 5 6 7
0 nul | dle sp 0 [naf@| P Jack _| p
1 | som | dg ! 1 A Q a q
2 eoa | dc, 2 B R b r
3 |eom| dg [~V/#]| 3 C S c S
4 eot | stop| cs 4 D T d t
5 wru | error | % 5 E U e u
6 ru | sync| & 6 F \% f v
7 bel | lem - 7 G w g w
8 bs isg ( 8 H X h X
9 ht isy ) 9 | Y i y
10 If is, * : J z ] z
11 vt iSg + ; K nal [[ Kk nat
12 ff iS4 < L [naf \ [T nat
13 cr iS5 - = M [naf ][ m nat
14 SO isg > N . n esc
15 Si is; / ? (0] > [9) del

Figure 8. 1SO second draft code chart, December
19631*° Heavy borders indicate additions and
changes from the first draft.

several ISO subcommittees in MeYork.!*° The num-
ber of information sepaators was reduced to four
(and thg were gven names) to mak room for
changes to the control characters, most notably the
relocation ofacknowled@ to position 0/6 anescape

to position 1/11.The third draft also deleted the dol-
lar sign ($) and backslash)(and made their former
positions into first and second currgrsgmbols to be
assigned by each countryPositions 2/2 and 2/7
returned to being skm in the code table as quotation
mark (") and apostrophe () symbols rather than
umlaut () and acute {) accents, though the charac-
ters continued to seevdual purposes.The tilde (V)
was removed from the number siga’position (#), lut

the latter gined a n& alternate appearance YN (At

the time, the'#"’ symbol was not used internationally
Hugh McGrgor Rosss atempt to justify to British
readers wh it was in the code in the first place does
not sound ery cowincing: “The symbol # means the
same as No., and it can bery useful.)!*! The dis-
placed tilde became an alternate graphic for the cir
cumflex (M) accent, as it ws (erroneously) belied
that no language used both accents.

The relocation okscapehad opened up a fourth
national use position folleing the laver case alpha-
bet. Atits July 14-15, 1964 meeting, task group
X3.2.4 \oted to use it in the United States for a logical
notsign or werline (). A second motion that euld
have revased the positions of the backslash yhich
the U.S. intended todep rather than replace it with a
second currenc symbol) and ‘ertical line () was
defeated.
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0 1 2 3 4 5 6 7
0 nul dle sp 0 _ P [raf@| p
1 soh | dg ! 1 A Q a q
2 stx | dc 2 B R b r
3 etx | deg [#/N°] 3 C S c s
4 eot | stop | cs 4 D T d t
5 eng | nack| % 5 E ] e u
6 ack | sync| & 6 F \% f v
7 bel | etb ’ 7 G w g w
8 bs | cncl ( 8 H X h X
9 ht em ) 9 | Y i y
10 If SS * : J z j z
11 vt esc + ; K |nat [ k nat
12 ff fs < L [natcs| | nat
13 cr gs - = M [nat ] m nat
14 S0 rs > N A n nat
15 Si us / ? O h o] del

Figure 61. 1SO third draft, May 20, 1964'° Heary
borders indicate changes from the second draft.

The CCITT Working Group on the Ne Alphabet
met agin in Genea, October 6-9, 1964°2 The Ger
man and Swiss dejetions made the case for accent

0 1 2 3 4 5 6 7
0 [ nul | dle | sp 0 [paf™~] P [naf@] p
1 soh | dg ! 1 A Q a q
2 stx | dc 2 B R b r
3 etx | dg # 3 C S c S
4 eot | stop| = 4 D T d t
5 wru | nack | % 5 E ] e u
6 ack | sync| & 6 F \% f v
7 bel | etb ’ 7 G w g w
8 bs | cncl ( 8 H X h X
9 ht em ) 9 | Y i y
10 If Ss * : J z j z
11 vt esc + ; K |nat [ k nat
12 ff fs < L [nat ™ | nat
13 cr gs - = M [nat ] m nat
14 S0 rs > N [nat M| n nat
15 Si us / ? (0] _ o] del

Figure 6. CCITT New Alphabet proposal, October
6-9, 1964:°2Heavy borders indicate changes from the
ISO third draft.

The ill-fated ASCII-1965
Through all of these changes, the X3.2.4 task

characters that did not cause a space and therefore did group had been continually updating a proposed re

not require the use of lsadkspacecharacter between
them and the letter to be accentdthe proposal as
defeated becaudmdspacecan also be used with the
underline character () to underline t&t. The Por
tuguese delggtion informed the wrking group that
both the tilde {) and circumfle () are used in the
Portuguese language with féifent meanings. To
accomodate both accents, therking group remeed
the second curregicsymbol from position 5/12 and
put the tilde there.

The underline () was maed agan after the
USSR informed the warking group that it needed 31
characters to accomodate each case of the Cyrillic
alphabet. Theupper case wuld occuy al of
columns 4 and 5xeept for position 5/15The grae
accent (%), which had been in position 5/15asvuse-
less for Russian,ub the underline as not, so the tw
characters had their positionwvessed. Itwas further
decided that it ws too dangerous in international
communications to use currgnsymbols that could
be localized.Data processing representati insisted
that it was neertheless essential that the code contain
provisions for a currenc symbol of some sort.To
allow the use of a curregicsymbol, kut to force it to
be defined xplicitly, the Italian delgaion proposed
that the position for the currepsymbol be assigned
to a nev symbol (=) that wuld denote no particular
curreng. At the end of the discussions, the code table
was & hown in Figure 62.

sion to the American Standard Code for Information
Interchange to match the changes in the international
proposals. Aa meeting October 19-21, 1964 in We
York City, the draft proposed vision (Figure 63) \&s
updated to incorporate the CCITT chan{@sThere
was every expectation that the me ISO draft wuld
malke the same changedVhen the reised 1SO draft
appeared in March, 1965, though, it included th& ne
locations of the underline_() and grare accent ()
but did not assign the tilde™) to position 5/12, and
instead left that position for one of awunspecified
curreny symbols. ThelSO draft did not mak it to
the American Standards Assocation until April 27,
196514 by which time the slightly incompatible Pro-
posed Reised ASCII had already been printed in the
Communications of theGM.1°®

Comments bgen to come in concerning the pro-
posed reision. W E. Andrus wrote to suggest that
that the ertical line (|, logical or) and overline (7,
logical not) should be located soménere other than
national use positions because of their importance to
programming languages, and that the at sign (@) be
placed in the middle four columns so that it could be
used in uppercase-only applicatiorfSgure 64 is his
suggested arrangement of the code, whichesidloth
the averline and tilde ) aternate graphics for the eir
cumflex () and adds a cent sign (&° The 1SO draft
standard wuld hae dlowed the at sign to be the
national assignment for position 5/12, satisfying that
part of his request,ub the CCITT draft wuld not, so
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0 1 2 3 4 5 6 7
0 nul dle sp 0 > P @ p
1 soh | dcl ! 1 A Q a q
2 stx | dc2 2 B R b r
3 etx | dc3 # 3 C S c S
4 eot | dcd | $ 4 D T d t
5 eng | nak | % 5 E ] e u
6 ack | syn & 6 F \% f v
7 bel | etb ’ 7 G w g w
8 bs | can ( 8 H X h X
9 ht em ) 9 | Y i y
10 If SS * : J z ] z
11 vt esc + ; K [ k {
12 ff fs < L ~ | -
13 cr gs - = M ] m }
14 SO rs > N A n [
15 Si us / ? (0] _ [9) del

Figure 63. Proposed Rased ASCII, October 19-21,
19641°3Heavy borders indicate additions and
changes since X3.4-1963.

the X3.2.4 task group responded that no action could
be talen until the diferences between the dvpropos-
als were resokd’®’ Thomas E. Kirtz, the director of
the Dartmouth Collge computation centewrote to
express his mgret that the up arve (1) had been elim-
inated and suggested that iteake place of theerti-
cal line (|). JohnL. Little replied that the proposal
should hae dated that that the character in position
5/14 was still intended to represent an up armwhen
it was not used witbadkspaceo overstrike a grcum-
flex accent (%), but later reisions neer restored this
languagée->®

By the end of 1965, in spite of these criticisms and
the lack of international agreement, the proposed re
sion had been appred as the American Standard
Code, It it had not yet been publishéd.The ISO
and CCITT had agreed in October to hold a joint
meeting at which thehoped to resok the diferences
between their character code proposas.the Jan-
uary 25-26 meeting of X3.2.4, John B. Boothwvetb
that X3 request that the American Standards Assoca-
tion delay publication of the vesed standard until
after the ISO/CCITT meeting, which might allahe
at sign (@) to be relocated back into the center four
columns as had been requesté&tie group thenated
to relocate the at sign, tild&’), vertical line (|), and
overline () as in FHgure 65 if the international code
that resulted from the reconcilatioroutd allow it.1%°

The ISO/CCITT joint meeting

ISO and CCITT representads met jointly in
Pais, France, April 26-28, 19661 162An Austrian
proposal (Figure 66) might i@ caused a laye-scale

0 1 2 3 4 5 6 7
0 nul dle sp 0 h P ¢ p
1 soh | dci \ 1 A Q a q
2 stx | dc2 2 B R b r
3 etx | dc3 # 3 C S c S
4 eot | dc4 | $ 4 D T d t
5 eng | nak | % 5 E ] e u
6 ack | syn & 6 F \% f v
7 bel | etb ’ 7 G w g w
8 bs | can ( 8 H X h X
9 ht em ) 9 | Y i y
10 If Ss * : J z j z
11 vt esc + ; K [ k {
12 ff fs < L @ |
13 cr gs - = M ] m }
14 S0 rs > N [~/ n !
15 Si us / ? (0] _ o] del

Figure 64. Proposed Reased ASCII, as modified by
W. E. Andrus, June 9, 1965° Heavy borders indicate
differences from Octobgt964 proposed kased
ASCIL.

0 1 2 3 4 5 6 7
0 nul dle sp 0 h P - p
1 soh | dcl ! 1 A Q a q
2 stx | dc2 2 B R b r
3 etx | dc3 # 3 C S c S
4 eot | dc4 | $ 4 D T d t
5 eng | nak | % 5 E ] e u
6 ack | syn & 6 F \% f v
7 bel | etb ’ 7 G w g w
8 bs | can ( 8 H X h X
9 ht em ) 9 | Y i y
10 If Ss * : J z j z
11 vt esc + ; K [ k {
12 ff fs < L @ | \
13 cr gs - = M ] m }
14 S0 rs > N A n ~
15 Si us / ? (0] _ o] del

Figure 6. X3.2.4 proposal to ISO and CCIT&n-
uary 25-26, 1966%° Heavy borders indicate diénces
from October1964 proposed sed ASCII
(X3.4-1965).

rearrangement of the cod® but it had been
“resohed to discuss only those points on which
CCITT and 1.S.0. did not completely agre€rl he

first such disagreementas resoled with a decision

to place a character which could represent either a
tilde (v) or an overline (7) in position 7/14, with
notes indicating that it could be preempted for other
national use if necessaryThe at sign (@) @as
returned to position 4/0, its location in X3.4-1963 and
in the early ISO draftsThe grae acent {*), which
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had been in that position as relocated to 6/0A pro-
posal, related to what VEE. Andrus had suggested, to
male the \ertical line () an dternate graphic for the
exclamation point (!) and the logical not sign'y an
alternate for the circumfkg”),*%* was rejected.

The main issue still to be resely was the cur
reng signs. Theoptions were (1) to use a generic
curreny symbol (=) or (2) to gie the dollar ($) and
pound (£) signs permanent assignmeititaly, Portu-
gd, Switzerland, and the USSR preferred option 1;
Canada, France, Germarthe Netherlands, Sweden,
and the United Kingdom preferred option Zhe
United States anted to see the dollar sign included
but did not hare an opinion about the pound sign;
Japan wanted one curregcsymbol to be assigned
internationally and a second to be resérvfor
national use.This was considered difient agree-
ment to get the dollar sign assigned to position 2/4.

Discussion continued about the location and
appearance of the second cursesgmbol. Onepro-
posal vas to put the pound sign (£) in position 2/3
internationally The U.S. proposed that if this assign-
ment were made, there should also be a noteialip
the number sign (#) to be used in countries that did
not need the pound sigrifhe CCITT proposed that
the pound sign be in position 2/3 and that the number
sign be relocated to the national use position 5/12.
Another proposal put the sameaotvgymbols in the
opposite locations. The chairman preferred the
CCITT proposal (pound sign in 2/3, number sign in
5/12) and took aate in support of it, which passed.
The U.S. delgation asled that a te also be tan on
their proposal (pound in 2/3,xeept when not
required), and this also passed it$ev

The chairman then ruled that the U.S. proposal
was acepted, ver the objections of ECMA:‘This
proposal which had the sole objeetid keeping the
code table unchanged for the U.S.aswpresented
under the disguise of a compromise, and when it
obtained appnal in an dbscure &shion only the U.S.
delegdion was happ, the other delggtions had obi-
ously not realized what thiehad been trickd into’

The X3.2.4 task group later attempted to restore a
good relationship with ECMA by tdring to accept
the pound sign (£) in position 5/12 where the British
were also willing to accept 1£> 166

In the United States on May 9, 1966, D. AerK
edited the still unpublished vised American Stan-
dard Code to incorporate the weinternational
changes. Hé¢ook the national option to put the num-
ber sign (#) rather than the pound sign (£) in position
2/3, and returned the backslash (o the nav-open
national use position 5/12 that it had occupied in
X3.4-1963%" In additional rgisions May 12, he dve

0 1 2 3 4 5 6 7
0 sp 0 [$/E] P [¢/$]| p
1 ( 1 A Q a q
2 ) 2 B R b r
3 ’ 3 Cc S c S
4 4 D T d t
5 5 E U e u
6 6 F Vv f %
7 ; 7 G W g w
8 = 8 H X h X
9 & 9 | Y i y
10 ! ? J z j z
11 A " K |@/nat k { /nat
12 + < L |#/nat | } /nat
13 - > M |oO/nat m | /nat
14 * [ N % n | > /nat
15 / ] (0] _ o] del

Figure 66. Austrian character code proposal, April,
19663

position 7/14 as a awy overline (T) to suggest its
dual meanings as tildevY and overline (7).1%® The
resulting proposed Resed American Standard Code
for Information Interchange (Figure 6% was snt to
X3.2 members May 20, 1968 and to X3 on May
2415

Trouble with SHARE

In June, 1966, the ISO distuted its nev draft
proposal (Figure 68Y1 It looked at this point as if all
the important issues that had been holding up the
international character code standard had been
resohed. Buton June 8, 1966, H. WWNelson, the
chairman of the SHARE (IBM user group) character
set committee, sent an angry letter saying tttlag *
‘Proposed Reised (1966) American Standard Code
for Information Interchange’ dated May 20, 1966 does
not meet the needs of computer programmerkkre
are no characters in the international use section of
center four column subset (2-5) which can be used
satishctorily to represent the logical operations OR
and NO." He disappreed of the \ertical line (|)
and werline (") because thewere in the laver case
region, and of the »xlamation point (!) and circum-
flex (") because thexelamation point is used foaé-
torials and the circumflelooks too much lig the
standard symbol for logicand (0)). Neitherdid he
approve d two-character sequences (such \ak)
using the backslashHe proposed that the code table
be rearranged as in Figure 88.Additional letters
from Philip H. Dorn, manager of the SHARE PL/I
Project!”® and Herb ¥n Brink, manager of the
SHARE FORRAN Project!’#indicated that the pro-
grammers the represented might loott the
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0 1 2 3 4 5 6 7
0 nul dle sp 0 @ P > p
1 soh | dcl ! 1 A Q a q
2 stx | dc2 2 B R b r
3 etx | dc3 # 3 C S c S
4 eot | dc4 | $ 4 D T d t
5 eng | nak | % 5 E ] e u
6 ack | syn & 6 F \% f v
7 bel | etb ’ 7 G w g w
8 bs | can ( 8 H X h X
9 ht em ) 9 | Y i y
10 If sub * : J z j z
11 vt esc + ; K [ k {
12 ff fs < L \ | \
13 cr gs - = M ] m }
14 S0 rs > N A n “
15 Si us / ? (0] _ o] del

Figure 67. Proposed Rased ASCII, May 12,
196618 Heary borders indicate diérences from
X3.4-1965.

proposed reised standard if it &s not altered.

The X3.2.4 task group met June 28, 1§8@nd
tried to figure out a compromiseytbcould not find
ary reasonable ay of mwing an werline () and
vertical line (|) into the center four columns without

disrupting the international agreement that had finally

been reachedAt the June 30 meeting of X3% John
Auwaerter proposed aay to sole half the problem:
the tybrid waw overline (T) would become xlu-
sively a tilde V), and the circumfte (™) would get a
new curved shape {) and represent both the circum-
flex accent and the logicalot

The change to the tildeas \oted in, lut the shape
of the circumfle remained as it ms. SHAREwas
satisfied with the change to the tildet Istill wanted a
vertical line somwhere in the center four columns.
“If X3 will agree to one last, simple change to the
proposed Résed ASCII, the final requirement of
PL/I users will be satisfied..\We ak that X3 agree to
interchange ! (Exclamation Point) and (Vertical
Line) in ASCIl. We ae sure that the European pro-
gramming community will accept and support a simi-
lar change to the 1ISO 7-bit cotleT hey threatened
that ‘if X3 rejects this suggestion [it] should bevare
of the consequence, which is that ASCII will be by-
passed by the programming communéyd by masy
users and manatturers, andgil to become a datto
standard.!”’

It was inconceidable to male aich a change when
“to comply with the SHARE suggestion ouid
undoubtably lose more support thanuld be gined
because of the loss of international compatibility and
the displacement of wvcharacters from the center 64

0 1 2 3 4 5 6 7
0 nul | dle sp 0 @ P [nat>] p
1 soh | dg ! 1 A Q a q
2 stx | dc " 2 B R b r
3 etx | dg £ 3 C S c S
4 eot | dg $ 4 D T d t
5 eng | nak | % 5 E ] e u
6 ack | syn & 6 F \% f v
7 bel | etb ’ 7 G w g w
8 bs | can ( 8 H X h X
9 ht em ) 9 | Y i y
10 If sub * : J z j z
11 | vt [ esc| + ; K [naf [| k nat
12 ff fs < L nat | nat
13 cr gs - = M [naf ]| m nat
14 so rs > N [naf ] n [naf—
15 Si us / ? (0] _ o] del

Figure 68. ISO draft 1052, June, 1966' Heavy bor
ders indicate di€rences from the fourth draft and
from the Octoberl964 CCITT proposal.

0 1 2 3 4 5 6 7
0 nul dle sp 0 @ P h p
1 soh | dcl ! 1 A Q a q
2 stx | dc2 " 2 B R b r
3 etx | dc3 \ 3 C S c S
4 eot | dc4 | 4 D T d t
5 eng | nak | % 5 E ] e u
6 ack | syn & 6 F \% f v
7 bel | etb ’ 7 G w g w
8 bs | can ( 8 H X h X
9 ht em ) 9 | Y i y
10 If sub * : J z j z
11 vt esc + ; K [ k {
12 ff fs < L # | \
13 cr gs - = M m }
14 S0 rs > N $ n D
15 Si us / ? (0] _ o] del

Figure 8. Proposed Rased ASCII, as rearranged
by the SHARE PL/I Project, June 7, 1986.17°
Heary borders indicate diérences from the May 12,
1966 proposed w&sion.

positions which hee had both national and interna-
tional support for inclusioh!’® But in a final attempt

to appease SHARE, on December 13, 1966 X3.2
members changed the shape of their deftical
line (|) to a kroken line () so that it could not be
mistalen for a logicalor symbol, and added notes to
the excclamation point (!) and circumfte(™) charac-
ters suggesting thatit'may be desirable to emplo
distinctive gyling to facilitate their use for specific
purposes as, forxample, to stylize the graphics in
code positions 2/1 and 5/14 to those frequently
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associated with logical OR|) and logical NO (7)
respectiely.”17®

These changes (which were undone in the 1977
revision of ASCII\% were suficient to gin
SHARE's aupport without causing grserious incom-
patibility with the international standards, and
X3.4-1967 (Figure 70) became the United States-char
acter code standard July 5, 198YECMA had pub-
lished its reised code, ECMA-6, in Jurté? The 1ISO
code vas published as Recommendation 646 in
December 1967} and the CCITT adopted Interna-
tional Alphabet No. 5 at its 1968 confereri®.

Epilogue

Even before X3.4-1967 as published, thereas
already interest in tav more minor rgisions. First,
the 1SO code had since its first draft além the use
of character 0/10 fonew line as well as fotine feed
but ASCII had not.On July 5, 1967, John B. Booth
proposed that ASCIl also include this dual
meaningt® Second, prior to the publication of
X3.4-1967 the American Standards Assocation had
become the USA Standards Institute, meaning that the
code vas neov formally the USA Standard Code for
Information Interchange, USASCIIOn November
20, 1967, D. A. kerr proposed that the code continue
to be knevn by its traditional name, ASCH® On
October 10, 1968, avised USA Standard with these
changes was acceptetf®

The U. S. Department of DefenséIL-STD-188
continued to document FIELATA through its 1969
edition, tut encouraged the use of ASEH.EBCDIC
and ASCIl were reconciled, to axtent, by a 1970
American standard that defined a one-to-one corre-
spondence between theawodes!® The CCITT vas
dissohed February 28, 1993ubits successptTU-T,
the Telecommunications Standardization Sector of the
International €lecommunication Union, continues to
maintain the standard for Internationakl&@raph
Alphabet No. 28 It enjoyed a brief resgence of
popularity in the mid-1970s among computer hobby-
ists who disceered that fie-unit teleprinters were
awailable for much lwer prices than comparable
seven-bit equipment®: 192

Several revisions of 1ISO 6467% 193|nternational
Alphabet No. 3% ECMA-6,182and ASCI 1%°have
made small changes to details of the code and
removed the anachronistic six-bit code tablegjtb
retain almost complete compatibility with theves-
bit standards published in 1967-8he eight-bit 1ISO
8859-19 and ECMA-94 code¥)’ and the sixteen-bit
Unicodel® 1%are compatible supersets of theese
bit standard.

0 1 2 3 4 5 6 7
0 nul dle sp 0 @ P h p
1 soh | dcl ! 1 A Q a q
2 stx | dc2 2 B R b r
3 etx | dc3 # 3 C S c S
4 eot | dc4 | $ 4 D T d t
5 eng | nak | % 5 E ] e u
6 ack | syn & 6 F \% f v
7 bel | etb ’ 7 G w g w
8 bs | can ( 8 H X h X
9 ht em ) 9 | Y i y
10 If sub * : J z j z
11 vt esc + ; K [ k {
12 ff fs < L \ | |
13 cr gs - = M ] m }
14 S0 rs > N A n ~
15 Si us / ? (0] _ o] del

Figure M. USA Standard Code for Information
Interchange, July 5, 196%:
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