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Percy Ludgate (1883-1922), Ireland’s First ComputebDesigner

Brian Coghlan, Brian Randell, Paul Hockie, Trishn@alez, David McQuillan, Reddy O’Regan

Abstract A greatly expanded treatment is presented of tsi@ityi of the family, life and work of Percy
Ludgate, nearly fifty years after the 1971 and 1p8@ers by Randell revealed his work on a mechhanica
computer, and almost 100 years after Ludgate’shd@dte new material that has recently been obtained
about this successor of Charles Babbage includeséwy significant discoveries. The first is ofighkrto
unknown contemporary published description of LudgaAnalytical Machine, incorporating the only
surviving drawing of it yet found; the second isAsherican descendents of Ludgate’s niece, who have
been allowed to erect a commemorative headstomesgreviously unmarked grave.

Index Terms—Percy Ludgate, Analytical Machine, Irish Logarithms, Charles Babbage

|. INTRODUCTION
T he story of how in 1834, over a hundred years leetfoe first electronic computers, the brilliant but

eccentric English scientist, Charles Babbage,estdd design a huge sequence-controlled mechanical
digital computer, his ‘Analytical Engine? to improve on the human ‘computers’ then empldyjisd,
reasonably well-known. However, less is known aft&dwin Ludgate, who was the second person to

design a sequence-controlled mechanical digitalpeder in the pre-electronic era.

Remarkably, Ludgate, who was born in Skibbereei8838 and employed in Dublin until his death in
1922, was just a clerk to a corn merchant and sufesely a qualified accountant. He worked on hsgle
in his spare time between 1903 and 1909, and waawere of Babbage’s work until his initial desigas
completed. His ‘Analytical Machiné’as he called it, was quite unlike Babbage’s in ithaas largely

based on multiplication using novel mechanical sgjeéhile Babbage's was very different mechanically,

" Author’s e-mail addressesoghlan@cs.tcd.jeBrian.Randell@ncl.ac.ykpaul@hockie.co.uktrishalgd3@aol.com
dmcg@fano.co.ukoreganic@live.ie

L A ‘sequence-controlled digital computer’ is knoasa ‘program-controlled digital computer’ or ‘pragimable digital
computer’, typically abbreviated to ‘digital compdtin modern terminology.

2 Ada Lovelace, ‘Sketch of the analytical engineeimted by Charles Babbage, esq. by L.F. Menabrégyri, officer of the
military engineers, with notes by the translator’Richard Taylor (ed.)Scientific MemoirgLondon, 1843), vol. 3, 666-731.
Available at: https://www.scss.tcd.ie/SCSSTreasuresCataloghiitexff CD-SCSS-V.20121208.870/TCD-SCSS-
V.20121208.870.pdf

% A term used since the early seventeenth century fierson performing mathematical calculations.
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and was, more conventionally, based on additiondRiis 1982 paper states that ‘although Ludgate ha
at least during the later stages of his work, knofvBabbage’s machine, much of his work was clearly
entirely original — and indeed with respect to pewrg control, a distinct advance on Babbage’s ideas.
fact, all three main components of Ludgate’s AnefftMachine — the store, the arithmetic unit, #mel

sequencing mechanism — show evidence of consideiraggnuity and originality’.

Both machines embraced the core concept of beilegi@albe automatically sequenced through a set of
operationg, using perforated paper in Ludgate’s case, Jacegtgiel strung-together punched cards in
Babbage’s, and in particular both machines supgavteat is now known to be the critical concept eiing
able to change the sequencing mechanism’s behavimad on the results of prior calculatiéius both
machines would be capable of doing everything aemodomputer of their scale and class could do,
although very slowly. If they had not incorporathdse concepts, both the designs and their designer

would be much less significant with respect tohilstory of computing.

Ludgate died in 1922, his work already having fauoiéd obscurity. AlImost nothing further was heafd o
him until Randell's 1971 and 1982 pap&emnd Riches’ 1973 projediSince then Ludgate’s work has often
been described in general accounts of the histocgmputing, and there have been many summaries of
Randell’s papers, in, for example, thitionary of Irish Biography® although nothing new was published
until Jim Byrne’s 2011 paper provided some extr@itlen Ludgate’s parents.Meanwhile, in 1991, the
Department of Computer Science in Trinity Collegebln instigated an annual prize in his memBrihe

only official recognition worldwide until recently.

“ Percy E. Ludgate, ‘On a proposed analytical maghBcientific Proceedings of the Royal Dublin Socityd (Dublin, 28
Apr. 1909), 77-91. Available afittps://www.scss.tcd.ie/SCSSTreasuresCataloghites&l CD-SCSS-V.20121208.873/TCD-
SCSS-V.20121208.873.pédso reproduced in Randell’s 1971 paper, cf. reB®ty.

® Brian Randell, ‘From analytical engine to electoodigital computer: the contributions of Ludgat@rres, and BushlEEE
Annals of the History of Computirigd (1982), 327-41.

® Otherwise referred to here as ‘sequence-controlled ‘program-controlled’ or ‘programmable’, af.1 above, a core
concept for modern computers.

" ‘Conditional-branching’ in modern terminology, atical concept for modern computers.

8 Brian Randell, ‘Ludgate’s analytical machine 0099 The Computer Journdl4:3 (1971), 317-26. For Randell’s 1982
paper cf. n.5 above.

°D. Riches. ‘An analysis of Ludgate’s machine leadio the design of a digital logarithmic multipliéunpublished
undergraduate project report), Dept. Electrical Blettronic Engineering, University College (Swaajsdun. 1973. Available at
cf. n.14 below.

19 Brian Randell, ‘Ludgate, Percy'Dictionary of Irish Biography (9 vols, Cambridge, 2009). Available at:
https://www.dib.ie/biography/ludgate-percy-a4912

1 Jim Byrne, ‘Percy E. Ludgate (1883-1922): Skibkerborn computer pioneeBkibbereen and District Historical Society
Journal 7 (2011), 72-80.

2 The Percy E. Ludgate prize in Computer Scieneavisrded annually to the student who submits thefyegect in the
senior year of the Moderatorship in Computer S@eatcTrinity College Dublin.
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An investigation was initiated in 2016, under thegia of The John Gabriel Byrne Computer Science
Collection™ aimed at fully exploring and documenting Ludgaliésand work™* To that end, information
relating to Ludgate’s own life and early careers blose family members and their children, and his
ancestors back to the early eighteenth centuryedtimsituation, legal issues, and 1909 paper ssgom,
have all been examined, and one important discdvasybeen made concerning his family. Moreovent joi
outreach activities with the Ludgate Httbboth in newspapet$and at the West Cork History Festival,
led to a second very significant discovery, thathef first known contemporary explanatory drawifgart
of Ludgate's machine. As a result, it has beenilples$so gain a new depth of understanding of key
mechanisms within his machif®and to attempt to codify thiS,even though his extensive set of drawings
(which he stated, in both his 1909 and 1914 pajpbet, he had made) has never been found. It is now
possible to provide a greatly expanded summarytatws known of the family, life and work of Ludgat
giving a whole range of new material (all older ematl from Randell’s 1971 paper is explicitly ididied

to clearly distinguish it from recent research).

In his 1971 investigations Randell established acintvith one of Ludgate’s accountancy colleagués w
provided a limited amount of information. But thegt majority of what was discovered then of Ludat
family and life was obtained from just one perdus,niece Violet Ludgate, who Randell stated ‘made
extensive efforts herself to trace further possdolerces of information’. Nonetheless the familiaile
uncovered related just to Percy Ludgate’s paramdsséblings but even missed his sister. Percy Liglga
paternal ancestors have now been traced to theX&0s, when Matthew and Mary Ludgate (Percy’s

paternal great-great-grandparents) are believedve leased Marble Hill Farm, in the townland of

13 The John Gabriel Byrne Computer Science Colleaiofrinity College Dublin, some 3000 items, hoddwealth of
literature (including original offprints of Lovelats 1843 monograph and of Ludgate’s 1909 papeu} plwide range of
computers, calculating machines, slide rules, amdputer software, and is recorded in the Schedal#®e Statutes as being
among the treasures of the College. Copies (in nas#s original) of all the known literature andorels relating to Ludgate are
now held within this Collection. The catalogue vaitable athttps://www.scss.tcd.ie/SCSSTreasuresCatalog/

4 Ludgate folder at Trinity College Dublin. Availabét:https://www.scss.tcd.ie/SCSSTreasuresCatalog/nesyél CD-
SCSS-X.20121208.00%or a more mobile-friendly interface to selediedgate folder contents, see:
https://www.scss.tcd.ie/SCSSTreasuresCatalog/led@afpies of most of the documents cited in this pape available at this
folder.

5 An e-commerce hub opened in 2016 in Ludgate'hpiace Skibbereen, see: Noel Baker, ‘Potential €Bipact of digital
life on Skibbereen’lrish Examiner 5 Nov. 2015, 7.

18 David Forsythe, ‘Could WW1 have ended Ludgatesmpoter dreams?rhe Southern StaR7 Jul. 2019, 11; Kevin
O’Neill, ‘West Cork’s own computer pioneeGork Examiner6 Aug. 2019, 2.

7 Brian Coghlan, ‘An exploration of the life of Pgrcudgate’, West Cork History FestivdlLO Aug. 2019).

18 Brian Coghlan, Brian Randell, Paul Hockie, Trisbn@alez, David McQuillan, Reddy O’Regan, ‘Investigg the work and
life of Percy Ludgate’|EEE Annals of the History of Computidg:1 (2021), 19-37.

19 Brian Coghlan, ‘Percy Ludgate’s analytical machideailable at cf. n.14 above.
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Scarragh, Kilshannig, three miles west of Malloge $I. 2°

PL. —The eighteenth-century farmhouse (with 4ft-thve&lls) of Marble Hill Farm, Kilshannig, Co.Cork
(Image courtesy of The John Gabriel Byrne Comp8teence Collection).

Matthew appears in the 1766 religious census ftehéinnig?* The baptisms, burials and marriages of
his descendants (see Fig. 1) are recorded in Mallourch of Ireland records, which began in 173Vefy
extensive family tree of about 100 descendants attiMdw and Mary can be constructed from these
records> Of these, their son John and grandson Robertr(dtgreat-grandfather and grandfather of

Percy) established their own farms nearby in thentand of Kilshannig?

Ludgate’s maternal ancestors have also been trauestly to the eighteenth century, but less
comprehensively, again see Fig. 1. It is not knavere his paternal grandmother Suzanna Willis was
born. His maternal grandfather Thomas McMahon vesa il Co.Armagh, and his maternal grandmother

Frances Reed was probably born in south-west Ck.&o

20 Brian Coghlan, Personal communication with owrfévlarble Hill Farm (Aug. 2019).

2L National Archives of Ireland (NAI)Religious Census 1766 for Kilshannig, Cloyfeturn no. 1123 (transcript), MS
5036(a).

?2‘percy E. Ludgate prize in Computer Science’. Aalalie at cf. n.14 above. This is the primary bipgtiaal and genealogical
reference document. For genealogy, refer spedifitalsections: (afjramily tree of Percy Ludgate’s wider Ludgate redati (b)
Ancestors of Percy Edwin Ludgate) Ancestors of Barbara Hopkinéd) Ancestors of Eileen Mary Ludgate

23 Griffith Valuation, Parish of KilshannigAvailable athttp://www.askaboutireland.ie/griffith-valuation/

4‘percy E. Ludgate prize in Computer Science’nc22 above.
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Thoc MATTHEW LUDGATE married MARY X0oox 1741: Robert Farmar m. Elisabethr Boulster
Elizabeth David Jane Anne Mary Mary Marg. John Robert | George Ellen Mary John Elizabeth Margaret
1735 1736 1740 1743 1746 1747 1749 1752 1755 1745 1747 1750 1753 1758 1760
d. 1747 d. 1748
I
1778: JOHN married ELIZABETH FARMAR 1200 X000 Willis m. X000 Xooox
Mary Katherine Matthew Michael Robert Elizabeth Suzanna
1779 1781 1784 1786 1768 1790 1814
John Jane David John Margaret Robert Thomas 1793: Felix Reed m. Ann Cropley
1793 1795 {1797 1799 1801 1802 1804 Mary Felix Frances
d.1794 I 1799 1801 1811
| | L
1837: ROBERT married SUZANNA WILLIS 1834: Thomas MciMahon m. Frances Reed
Thomas Michael Mary Elizabeth Robert Richard David William | Augusta Thomas Arthur Mary Robert
1838 1839 1842 1843 1845 1847 1849 1853 1834 1836 1838 1840 1843
d.1923 d. 1936
|
I

1863: MICHAEL married MARY ANN McMAHON
Arthur Thomas Walter Albert Augusta Frederick Alfred { Percy
1864 1865 1867 1868 1871 1875 1881
d. 1864 d.1951 d. 1868 d. 1870 d.1954 d.1921 d.1953 \d.1922

1888: Thomas Edward Ludgate 1900: Frederick Ludgate
married Bedelia Buckley (1856-1934) married Alice Walshe (1876-1922)
Eileen Mary Percy Violet Frederick
1892 1901 1903 1906
d.1892 d.1901 d.1987 d.1906 SleEsale ol

FIG. 1—Summary Family Tree of Michael Ludgate and Mauggate née McMahon (Image courtesy of
The John Gabriel Byrne Computer Science Collection)

Via his parent’s siblings, and his own siblingstdyénad a large number of close relatives andwsldn
total on his paternal side he had 5 uncles, 2 aantsat least 7 cousins, while on his materna k&lhad 3
uncles, 1 maternal aunt, and perhaps cousins diti@d his sister-in-law Bedelia (Bridget) née Biak
who was from Douglas, Cork, had eleven siblings, lais other sister-in-law Alice (Alicia) née Walshe
from Dublin City had two siblings. In total his sle relatives and in-laws included fifteen of hisgpd's
generation, plus at least twenty of his own gei@natll born in the nineteenth century, almosirathe

Victorian age of empire and accelerating sciensphistication.

The eighteenth century and nineteenth century giravhich these ancestors of Percy Ludgate livecwer
two very different scientific eras in the U.K. Tamghteenth century was the last in which science wa

primarily conducted by financially independent widuals, and when the more deductive scientifichodt
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of ‘natural philosophy’ held sway, whereby deriviadts were logically deduced from existing
‘knowledge’?® From the early nineteenth century a more indudtive disciplined scientific method based
on precepts outlined by Francis Bacon progressiefginated, whereby collected evidence could by

induction engender falsifiable theories and thetaby knowledge’ until proven otherwige.

Charles Babbage was closely involved in this champéch was passionately promoted in the first half
of the nineteenth century by Babbage, William Whé&wehn Herschel and Richard Jones (members of the
so-called ‘Philosophical Breakfast CluB*)ln 1812, Babbage, Herschel and George PeacocKisktab
the Analytical Society to pursue (successfully) iti@ve from Newton’s to Leibniz’s notation for caligs.

In 1820, Babbage, Herschel and others founded tlyalRAstronomical Society. From 1822, Babbage
began designing his Difference Engine N&.In 1827, Babbage, with help from an Irish friéfid;homas
Colby, published a much improved table of logaristifiin 1831, William Harcourt, David Brewster,
Babbage, Whewell and others founded the Britistogisgion for the Advancement of Science (Whewell
coined the term ‘scientist’ at its 1833 meetingpr 1834, Babbage began designing his Analytical
Engine! In 1834, Babbage, Jones, Whewell and others falititeRoyal Statistical Society. In 1837,
Babbage published his controversile Ninth Bridgewater Treatisemploying difference engine concepts
in a discussion of how science and religion infateg? And from 1828-39, he held the Lucasian
Professorship of Mathematics at Cambridge, thetigieas chair that Isaac Newton once held. Herschel
and Whewell were reportedly the more influentiaéstists of their generation, but in relation to
computing, Babbage’s contribution was seminal; s the first person to design a sequence-controlled

computer, his Analytical Engine.

Babbage produced a large number of drawings, leytdre all two-dimensional. The most evocative

visual representations of his Analytical Engingj anparticular its scale, are those produced @n8y

% Simon Schaffer, ‘Scientific discoveries and thd enNatural PhilosophySocial Studies of Scient6:3 (1986), 387-420.

2 william Whewell, History of the Inductive Sciences, from the eatlieshe present timé vols. London, 1837).

" Laura J. SnydeiThe Philosophical Breakfast Club: four remarkabierids who transformed Science and changed the
world (New York, 2011).

8 Babbage was also the first person to design whaalied a ‘Difference Engine’, a large machinesisting of a number of
linked adding mechanisms capable of calculating@imting mathematical tables of polynomial funaso

%9 Babbage had a number of associations with IrelseelJrish interactions with Charles Babbage regardinig Bifference
Engines and Analytical Engine Available at: https://www.scss.tcd.ie/SCSSTreasuresCatalog/nasggl CD-SCSS-
X.20121208.001/TCD-SCSS-X.20121208.001.pdf

%0 Charles Babbag&able of the logarithms of the natural numbers frbto 10800qLondon, 1827).

31 Lovelace, ‘Sketch of the analytical engine’, c2 above.

%2 Charles Babbag&he Ninth Bridgewater Treatise - A fragménondon, 1837). Available at:
https://victorianweb.org/science/science_textsfimigater/intro.htm
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Padua, for her graphic novehe Thrilling Adventures of Lovelace and Babhigend also the image
created by her for this paper, which is reprodugghin Fig. 2. His Analytical Engine was designedour
principal parts: the arithmetic unit, storage, inaod output, and the sequencing mechanism. The
arithmetic unit, which he called the Mill, was saunded by the Input, the Output and the Sequencing
Mechanism. The Mill was built like a sponge calaglelayer capable of representing and acting on one
digit of a decimal number. Babbage planned to +digit numbers, so there were fifty layers, seatk
one above the other. Inside, there was a largalairang gear that engaged with the little geaocsiad the
outside that did the calculation, controlled itdafd input and output. The ring gear was alsoicafgd per
digit. Calculations were done in the Mill basedaaldition. The desired sequence of operations and th
relevant input of numbers were defined via perftatards based on those used in Jacquard weaving
looms®* The Storage was also layered, and in columnsseptiag 50-digit numbers. In Babbageisa
1843 plans each column stored two numBersia Lovelace’s 1843 monograph states: ‘In the il
Engine there would be many more of these colunmohgbly at least two hundretf For each number
there were fifty little gears, each capable oftiataso as to represent a decimal digit. In th843lplans

the Storage extended away from the Mill, and adieiderably to the footprint of the engine.

Babbage’s planned engine was entirely mechaniodlyauld have needed precision engineering (but
contemporary precision may have been sufficighijwas a very novel and ambitious concept. It isttv
guoting his son Henry’s words: ‘it is to be notedttthe engine is designed for analytical purpomsed,it
would be like using the steam hammer to crush theta use the Analytical Engine to solve commomsu
in arithmetic’®® The vast expense and physical practicalities tesih only a small portion of the
Analytical Engine ever being built. Henry continuddelieve that the present state of the desigula/
admit of the engine being executed in metal ... Irsebope of any Analytical Engine, however useful i
might be, bringing any profit to its constructor The History of Babbage's Calculating Machines is

sufficient to damp the ardour of a dozen enthusiast

%3 Sydney Padudhe thrilling adventures of Lovelace and Babbage: (mostly) true story of the first compu¢eondon,
2016).

3 James Essingelacquard's web: how a hand-loom led to the birtthefinformation ag¢Oxford, 2007).

% Tim Robinson, Personal communications with Briamgklan and Brian Randell (Dec. 2020).

% Lovelace, ‘Sketch of the analytical engine’, 76fL,n.2 above.

3" Doron SwadeThe cogwheel brain: Charles Babbage and the questild the first computefiLondon, 2000). In 1991 the
London Science Museum built Babbage’s DifferencgiBsNo.2 from its 1846-9 drawings, using only emporary
engineering practices and tolerances.

Percy-Ludgate-Irelands-First-Computer-Designer-famsibnV2-20210520-1512.doc NOT FOR CIRCULATION



In the subsequent Victorian era, others construttachines that are relevant to the history of camgu
From 1837-43 the Swedish father and son Scheutemted the first of several difference engines, a
small number of other inventors followed their exéer® In 1870 at the Royal Society, Jevons exhibited
his ‘Logic Piano’ performing logical inferenc&$ln 1884, Hollerith filed a patent for compilingasistics
using punched card$the basis for the tabulating machines supplieti®gompany (an ancestor of IBM)
for the 1890 Census of the U.S.A. But none hadstiope or the capability of Babbage’s machine, which
Lovelace stated: ‘holds a position wholly of itsmw? It is into this very mechanical and increasingly

mathematical scientific era that Percy Ludgate bas.

Il. PERCYLUDGATE SFAMILY AND EARLY LIFE

Percy’s father Michael Edward Ludgate (1839-19%3yho was born in Kilshannig, joined the North Cork
Militia in 1857 with two other members of the Ludgdamily** In 1858, the militia was relocated to Kent
where the Ludgates transferred to th& Regiment of Foot in the regular army. Within tweeks Michael
was promoted to Corporal and one year later toesetgMusketry Instructor. He married Mary Ann
McMahon (1840-1936) in 1863 at Winchester Barrabksry was born in Iden, Sussex, but also was from
an Anglo-Irish military family, with roots in couies Antrim, Armagh and Suffolk, the Suffolk branch
being Navy rather than Army. Michael served a tgpruilitary life at a variety of locations, includy India
(taking his family with him), Aden, Hythe, Chatha@®ravesend and Winchester. He was ultimately
assigned to the 80Regiment of Foot as a Master Sergeant Instruattached to the School of Muskeffy,
an army corps responsible for testing small arraliding automatic weapons. In 1876, he retired to
Skibbereen in County Cork, where Percy’s brothéreéll was born in 1881. Michael’s service record
shows his pension being collected there in 1882 |ate in that year he advertised, in 8iebbereen

Eagle his services as an after-hours shorthand fitois possible he learned shorthand in the Arringes

% Major-General H. P. Babbage, ‘The Analytical EmgjfProceedings of the British Associati(maper read at Bath, 12 Sep.
1888). Also included in: H. P. Babbage (eBapbbage's calculating engines: being a collectibpapers relating to them, their
history, and constructiofLondon 1889), 331-8. Available dtttps://www.fourmilab.ch/babbage/hpb.html

%9 Michael R. Williams, ‘The difference engine$he Computer Journdl9:1 (1976), 82-9.

0 william Stanley Jevons, ‘On the mechanical perfange of Logical InferencePhilosophical Transactions of the Royal
Societyl60 (1870), 497-518. Available &tttps://royalsocietypublishing.org/doi/pdf/10.1068/.1870.0022

“! Herman Hollerith An electrical tabulating systenSchool of Mines Quarterly, Columbia University):3 (1889), 238-55.
Reprinted in Randell, B. (edJhe origins of digital computers: selected pap@srlin, 1982).

“2ovelace, ‘Sketch of the analytical engine’, 66fZ,n.2 above.

3 For details of service records, careers, birthearrimges and deaths referred to in Section II, ‘®e=ry E. Ludgate prize in
Computer Science’, cf. n.22 above, especially sastiAncestors of Percy Edwin Ludgat&ncestors of Barbara Hopkins;
Ancestors of Eileen Mary Ludgate.

4 Major J. Douglas MerceRecord of the North Cork regiment of militia, witketches extracted from history of the times in
which its services were required, from 1793 to 1@30blin, 1886).

5 Renamed ‘Corps of the Small Arms School’ in 1919.

6 ‘M.E. Ludgate’,Skibbereen Eaglel6 Sep. 1882, 3; ‘M.E. Ludgat&kibbereen Eaglel8 Nov. 1882, 4.
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his service record shows his profession as a ditglkand Mary had at least eight children, only five
whom survived: Thomas (b.1865 Winchester), Aug(isti871, Bellary, India), Frederick (b.1875
Gravesend), Alfred (b.1881 Skibbereen), and thietkignd youngest child, Percy, who was born on 2
August 1883 at Townshend Street, Skibbereen (sdb.After that there is a period of seven yedusing
which the family’s whereabouts and livelihoods &ygelude discovery. Only the whereabouts of Percy'
brother Thomas have been established, and onlynlatés period. In 1888, Thomas married Bedelia
Bridget Buckley at St. Peter and St. Paul’'s ChumaBork. They settled at Roseville, 80 Sundays Well
fine two storey house in Cork City on the east sitlthe River Lee (opposite the gaol), where they

remained until at least 1893.

S ESe

PL. I—Percy Ludgate’s birthplace, Skibbereen, shoviimgyMemorial to the 1798 Rebellion (Image
courtesy ofThe Southern Star

Michael Ludgate and the remainder of his familyreegt recorded iThom's Directoryat 28 Foster

47 Bedelia Bridget Ludgate’s bridesmaid was her si€&cilia, who married six months later to John Beyg (same surname)
and settled nearby at Vista Villa, 124 Sundays Wedcilia gave birth to two children, Daniel b.18&id Cecilia b.1893, but
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Terrace, Dublin, firstly in 1890 as ‘Ludgate, Migh&dward, teacher of shorthand’, then in 1891 as
‘Ludgate, Michael Edward, teacher of shorthand,datd, Fred, teacher of shorthand, Ludgate, Miss
Augusta, teacher of shorthand’, and from 1892-8adgate, Michael Edward, sons & daugh, teachers of
shorthand’, indicating the evolution of a smalliedamily busines&® It had been thought that 28 Foster
Terrace no longer existed, but convincing eviddragbeen found that No.28 was renumbered in the

twentieth century as either No.46 or No*4Both of which still exist, see PI. IIL.

PL. lll—The two potential candidates for Percy Ludgati'st home in Dublin: (left) 47 Foster Terrace,
Ballybough, Dublin, and (right) 46 Foster TerraBallybough, Dublin (Images courtesy of Gerry Kelly)

It is known from school records that at age 7-&y&ercy attended St. George’s Infants Schbol.
Randell's 1971 paper states that from 8-12 years baid to have attended St. George’s Nationab&8ch
His family were members of the Church of Irel@hdnd Randell’'s 1971 paper also states Percy atiende

St. George's Church, Temple Street, see PI. IV.

when she died at her home after the latter’s biméh,death was registered by ‘Bridget Ludgate isistesent at death Rose Ville,
S.Well’, so Bedelia still lived at RoseVille (80 ®lays Well) in 1893.

828 Foster Terrace, Ballybough, Dublin’, Thom’s Directory(1890-8).

9 Gerry Kelly, ‘46 Foster Terrace’ (9 Nov. 2019) dRtiidence 28 Foster Place was Renumbered’ (25 R020).

9 NAI, Ireland National School Registers, Roll nd624 (St.George’s Parish, St George's Infants Sctitemdance records
1890 and 1891). Percy Ludgate enrolled in Class1® Sep 1890 (register entry 559) for the yearmen8l Mar. 1891, then is
shown as enrolled in Class Il for the year endfaigViar. 1892, and as leaving the infants schodMay 1892.

1 NAI, 1901 Census Returns
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PL. IV—St. George’s Church, Temple Street, Dublin, ¢therch that Percy Ludgate attended (Image
L _ROY_0072 courtesy of the National Library of &etl).

Percy presumably attended an as yet unidentifiedrgiary school, as attendance was compulsory until
age fourteen. In 1898, when he was aged fifteersy€he London Gazetfgublished that he was appointed
a ‘Boy Copyist’ in the Irish Civil Service, thentamporary post for boys aged 15-20 years’dld. 1899,
his family moved to 30 Dargle Road, Drumcondra ®ké/), in what was a new development on Dublin’s
outskirts, one mile north-west of Foster Terratén that year his father Michael, giving an addriss
Balbriggan, was imprisoned in Kilmainham Gaol faynmpayment of debt (he had to choose between
prison or payment of £5.2s, and opted to servers®rier 1076 from 8 September 1899 to 19 October

*2The London Gazett@2 May 1896, 3066-8; 13 July 1897, 3900-1; 14 1808; 4 Nov. 1898, 6454-5; 19 Sep. 1902, 6029;

7 Nov. 1902, 7095; 17 Mar. 1903, 1779; 23 Aug. 1949-20 collectively are relevant to Percy Lué¢mactual and potential
career in the Civil Service.
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1899)>* The following year his brother Frederick marrielic& Walshe.

The 1901 Irish Census lists Percy, his mother amather Alfred at 30 Dargle Road. Percy is lisksc
‘Civil Servant (Boy Copyist)’ in the National Eduaan Office, while Alfred was a ‘commercial clerk
(engineering trade)’. Frederick and Alice are liste 24 Dargle Road (just six doors away), withdereck
as a ‘commercial traveller (chemicals)'. His fatMichael is listed at 14 Quay Street, Balbriggan,
seventeen miles away, perhaps suggesting a divareg least a family break up. Meanwhile, his othe
brother Thomas and wife Bedelia had moved to 13dyla, on the opposite side of the River Lee in Cork
City, with Thomas listed as a land agent’s casliiés.sister Augusta is recorded in the 1901 U.Knsles

as a ‘Deaconess/Missionary’ in Liverpdol.

In March 1903 Percy was the top Irish candidatiénCivil Service examinations for Assistant
Clerkship (Abstractors). At that time, the Civil Service arguably preferrdssicists. His ability at
mathematics may not then have been of great wéighthe fact that he came first in Ireland in @ieil
Service exams was proof he was strong also inictadde passed the medical, but was not appointed t
position, while at minimum the next six ranked adates from Dublin have been found to have been

appointed to a Civil Service positihiThe reason for this rather strange outcome i@icknown.

In August 1903 on his twentieth birthday, Percy®yBCopyist post expired, and his short Civil Seevic
career came to an efdln the same year he seemingly began work on hiytioal Machine, since his
1909 paper, which was submitted in December 1988&s ‘| purpose to give in this paper a shorbaot
of the result of about six years’ work’. It is nehown why he became interested in mathematical
calculations, let alone in automating them. Rarsldl®71 paper stated that: ‘It seems almost cettah
his work on the analytical machine was a privateldyowhich, according to his niece, “he used to watrk

nightly, until the small hours of the morning”.’

°3130 Dargle Road, Drumcondra, Dublin’, fhom’s Directory(1899-1936).

% ‘percy E. Ludgate prize in Computer Science’nc22 above, sectiohncestors of Percy Edwin Ludgate

®> The National Archives (TNA)1901 UK Census Returns

% ‘L ondon correspondencéleekly Irish Time21 Mar. 1903, 13. Percy Ludgate was ranked thédrish candidate, and was
ranked 19 in the U.K. The next six Irish candidatese ranked 22, 25, 29, 33, 35 and 46. All cammfbDublin. Only the
rankings of the top 50 candidates were published.

" Charles Percy Snowhe Rede lecture (1959): The two cultuf@ambridge, 1993).

%8 Gerry Kelly, ‘Evidence Percy Edwin Ludgate was$easOver’ (23 Nov. 2020).

% Gerry Kelly, ‘Percy Edwin Ludgate — Irish Civil Bgce’ (11 Mar. 2013).
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PL.V—30 Dargle Road, Drumcondra, where Percy Ludgaténi work on his Analytical Machine (Image
courtesy of Michael Mongan).

In October 1904 Percy Ludgate passed the Civiliemxams for Second-Division Clerkships in the
Civil Service®® but failed the medical, and therefore was not apipd to a position. In February 1905, the
‘Case of Mr. Percy Ludgate — Irish Civil Serviceasvraised in the House of Commons, Westminster,
during Questions in the House. The petition wasafoew medical examination with a view to his being
certified for one or other of the positions for wiihe had passed exams. He got a negative resjponse
the Financial Secretary of the Treasury, Victor &€alish MP: ‘As nearly a year had elapsed since Mr.
Ludgate’s medical examination for an assistankslap, it was necessary to re-examine him befanaing
him a certificate for a second-division clerkshipe result of the medical examination proving
unsatisfactory the Civil Service Commissioners werable to grant a certificate for either positidhe

medical requirements are practically the same th bases®*

% Second-Division is the next grade. The examinatias announced ifihe London Gazeti@3 Aug. 1904), 5419-20. The
result is given in cf. n.61 below.

®> Hansard141 (20 Feb. 1905). Available &ttps:/api.parliament.uk/historic-hansard/commb®65/feb/20/irish-civil-
service-case-of-mr-percy
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The MP for Drumcondra was John Joseph Cl&Aayhighly educated nationalist politician and Kig'’
Counsel (KC), but the MP that took Ludgate’s cd$mothy Charles Harringtoff was MP for Dublin
Harbour. He was Lord Mayor of Dublin in 1901-4, @mofUnited IrelandandKerry Sentinel
newspapers, a Corkman and member of the ‘Bantrgl’ lzdipprominent nationalist politicians, and also a
highly educated KE&* That he took the case of a non-constituent demi€ivil Service post after a failed
medical is unusual. It is possible that there wpsa relationship, as Percy’s uncle William Lutig
and William’s son Robeff worked for a newspaper in Cork, or that it waspjna reaction to the

rejection of Percy’s apparent capacity for the.role

Ill. PERCY LUDGATE'SYEAR OFACHIEVEMENT

In December 1908 Ludgate submitted his paper ‘@roposed Analytical Machine’ to the Royal Dublin
Society, and in April 1909 it was published in th&cientific Proceedings. In July 1909 a detailedew

of the paper by Prof. Charles Vernon Boys was ghblil inNature®” Percy Ludgate’s paper was a
significant achievement for a mere clerk to a aoerchant. The Royal Dublin Society’s Publications
Committee included several fellows of the Royali8tycand numerous professors, so Ludgate’s proposed

machine became known to an elite cohort of scientis

The minutes of the Publications Committee (a fuorcof the Science Committee) show the review
process his 1909 paper went throG§fihe paper’s first reviewer, Prof. A.W. Conw&suggested it was
sent to Prof. Boy& presumably for a more expert review (Boys wasckmawledged expert on
calculating machines). The minutes say ‘Registraxdmmunicate Prof Boys remarks to the author & ask
him to emphasize the points which he considers rtapt, and later ‘Read Mr. Percy Ludgate’s letter

reply to the suggestion made to him’, presumabl?tmf. Boys. The paper says at the start ‘Commuica

62 Obituary of J. J. Clancy KClrish Independent26 Nov. 1928, 7.

83 ‘Death of Mr T C Harrington, MP’Kerry Sentinel16 Mar. 1910, 3.

% ‘Harrington, Timothy CharlesDictionary of Irish Biography(2009). Available athttps://www.dib.ie/biography/harrington-
timothy-charles-a3816

% William Joseph Ludgate, available https://www.scoop-database.com/bio/ludgate_willimeeph_1

% Robert Willis Ludgate, available dtttps://www.scoop-database.com/bio/ludgate_robettsw

67C.V. Boys, ‘A new analytical engineNature81 (Jul. 1909), 14-15. Also reproduced in RandelB71 paper, cf. n.8 above.

% Minutes of the Royal Dublin Society’s Publicati@smmittee for 1908-190@ublin, 1908-9).

%9 Conway later became the first Chairman of the Buibistitute for Advanced Studies, President of Ruyal Irish Academy,
and President of University College Dublin. His eksdants have recently been located, but his parg@apers have not been
found.

9 Boys (commonly known as C.V. Boys) had alreadynbed-ellow of the Royal Society for twenty yearad recently been
President of the Réntgen Society, soon becamedergsof the Physical Society, and later was knigjhtéis descendants have
been located, but his personal papers have notfbaed.
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by Prof. A.W. Conway’, and this phrase appearsoitices of the presentation on 23 February 19Gs;

well as in the annual report of the Committee oiei®®’% so Conway either communicated the notices or
gave the presentation; likely the former as hetsspecifically thanked for any such presentatiinereas
the paper says: ‘I desire to record my indebtedteeBsofessor C.V. Boys FRS for the assistancehwhic

owe to his kindness in entering into correspondeavite me’.

Percy Ludgate is imagined in Fig. 2 seated at ke talth his desktop-sized Analytical Machine inrto

of him, alongside Babbage in front of his largeirag

am
sia=amish I

ol Il
i
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. Cards
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V

Fic. 2—(left) Charles Babbage imagined in front of hisadytical Engine (Image courtesy of Sydney
Padua). (right) Percy Ludgate imagined at his Ay Machine (Image courtesy of The John Gabriel
Byrne Computer Science Collection; portrait of Rdradgate, image courtesy of Brian Randell).

The huge difference in the Babbage and Ludgategdesadds considerable credibility to Ludgate's
statement that he did not know of Babbage's ideasdvance. He included paragraphs on Babbage that
"1 *Communications’ Freeman’s Journal23 Feb. 1909, 6; ‘R.D. Society Scientific Meetjrigish Independent24 Feb.
1909, 6.

"2 proceedings of the Royal Dublin Socje@$ (11 Nov. 1909 to 10 Mar 1910). The Reporthef Committee on Science and
its Industrial Applications says: ‘following commigations were received ... 23 Feb. 1909 ... "On a psedoAnalytical
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surround the body of his paper, together with esfees within the body, but did not state on whi¢ te
was first aware of those ideas. To quote from Ltelgal909 paper: ‘In order to prevent misconception
must state that my work was not based on Babbagsidts—indeed, until after the completion of thistf
design of my machine, | had no knowledge of hisrmpeifforts in the same direction. On the other hand
have since been greatly assisted in the more adudastages of the problem by, and have receivedlkdu

suggestions from, the writings of that accompliskelablar’.

Ludgate’s 1909 paper clearly shows his design lasbfour principal parts: the arithmetic unit, sige,
input and output, and a sequencing mechanism.Raidage’s, Ludgate’s arithmetic unit had a Mill,
which performed addition in the same way. But Luddatroduced a brand new concept, which he called
an ‘Index’, to do multiplication based on what P®bys delightfully termed ‘Irish Logarithm$® Thus the
core of his arithmetic unit did not just do addisp it did multiply-accumulation (MAC), i.e. multipation
followed by addition to any previous result in tél, the first computer arithmetic unit to do $bLudgate
also proposed mechanisms to do division and Idgast again introducing a new concept, division by

convergent series seeded with an estimate fromcaanecal table of initial values.

The arithmetic unit could be stepped through a eeqgel of operations either manually or under aut@mat
control, the latter using perforated ‘formula-paperdefine the desired sequence of operations and
perforated ‘number-paper’ to provide the requiretiad input numbers, while for output a printer kcbu
both print on and perforate paper. Ludgate's schernentrol sequencing was closer to that of modern
computers than Babbage's, in that each line obpardns in the formula-paper identified the operaand
its operands, whereas Babbage's scheme of separitiele (and combination) cards and operationscard
was significantly more complicated. Ludgate’s schaso simplified the provision of the crucial fagiof

changes to sequencing behaviour if defined conditie.g. negative or zero Mill contents, occurred.

His Storage system was based around two concestiticlers that held numbers in shuttles. In each
shuttle there were 21 rods, one for the sign, aredper digit of a twenty-digit number. The rodstprded
from the shuttle between one and ten units. Inrdaccess a number, the shuttle was rotatedgio aith

the Index. If variabl€C was in an outer shuttle and variablevas in an inner shuttle, then to perform a

Machine,” by Percy E. Ludgate. (Communicated byfédsor A. W. Conway. M.A.).” Possibly non-membepapers were
‘(Communicated by)’ members, as those so listeceactusively by non-members.

3 Brian Coghlan, ‘Percy Ludgate’s logarithmic indsxdvailable at cf. n.14 above.

" MAC is important in signal processing, e.g. inardnd astronomy, and more recently in deep adifictelligence (deep-
Al).
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calculationC * D, each of the storage cylinders was rotated tmahgse shuttles with the Index. Then the
shuttles were brought forward along races to engaifethe Index> and the calculation proceeded with a
multiply C * D followed by accumulation of partial products ir tilill, following which the shuttles
returned to their cylinders. The result in the Mibluld then be written to a new shuttle and stored
somewhere else in one or both of the cylinderss Was a very novel form of storage, and completely.
Ludgate did not discuss the methods of selectisiguétle, and neither Babbage or Ludgate discussed t

need for, let alone the methods of, selecting &lsHbased on the result of prior calculatidhs.

Only a few machine features are described in Lueglgadi909 paper, almost everything about its
construction is unknown. The ‘many drawings of t@chine and its parts’ that Ludgate states he pedpa
appear not to have survived (or if they have, tieye not been located). But two recently identified
contemporaneous articles, oneginglish Mechanic and World of Sciefféelerived from the other in
Engineering’® are of significant assistance in this respectyTuatain the first known diagram illustrating
the operation of the Index. Fig. 3 shows an anedtaersion of this diagram. The text of the article
appeared at first sight to contradict Ludgate’salp8per, but subsequent analysis suggested thexhe
and the diagram, were probably provided by Ludgatéct treating Ludgate’s paper and these adicle
(with their diagram) as equally valid reveal detaif the probable working of the Index that woukdd

been very hard to arrive at with only Ludgate'sd paper.’

S A ‘race’ is a groove or guide along which an objggpically ball or roller bearings, in this caaeshuttle) can be moved.

8 ‘Dynamic’ selection in modern terminology, congielé to be a key requirement for a general-purposepater.

" Engineering (attribution), ‘A proposed analyticahchine’,English Mechanic and World of Scier@@:2319 (1909/10, 3
Sep. 1909), 111. Discovered by Ralf Buelow, andyienarovided by Eric Hutton 19 Dec. 2019. Reprodunedoghlan, ‘Percy
Ludgate’s analytical machine’, cf. n.19 above.

8*A proposed analytical machinéEngineering(20 Aug. 1909), 256-7. Both discovery and provisid the image by Jade
Ward, Univ.Leeds Library, on 14 Jan. 2020. Repredua Coghlan, ‘Percy Ludgate’s analytical machicé’ n.19 above.

9 Coghlan, ‘Percy Ludgate’s analytical machine’,rcl9 above.
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Fic. 3—Annotated version of the diagram from Engineer@@August 1909, pp.256-7 (Image courtesy of
The John Gabriel Byrne Computer Science Collection)

The Index employed logarithmic index ‘slides’. Tpfiles of these slides, portrayed in Fig 4vere
such that they obey a logarithmic law that enathiiem to be used to convert multiplication into &ddi,
i.e. log(j*k) = log(j) + log(k). By means of theséides the decimal digits of numbers were represeint a
logarithmic form as lengths, so that multiplicaticould be achieved by addition using simple linear
motion. There were twenty identical multiplicana@tlsk, one for each decimal digit. There was just on
(opposing) slide for one digit of the multiplien the multiplication took place iteratively (one iplier

digit per iteration) with twenty multiplicand digibeing simultaneously multiplied by that one nplikir

8 presumed shape based on: David McQuillare feasibility of Ludgate's analytical machideailable at:
http://www.fano.co.uk/ludgate/Ludgate.html
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digit.2* The protruding rods, representing the digits tartétiplied, governed the positions into which the
opposing slides could be moved, causing the entdgedlides to increase in overlap from their stgrt
position. The extent of the increase in overlapstitutes the ‘logarithm’ that represents the résgltwo-
digit partial product. This digital ‘logarithmic’ echanism is therefore very different from an analog
logarithmic slide rule; they do have the additidhogarithmic quantities (lengths) in common, b t

logarithms are of a very different form.

multiplicand slide ——— [ Zi=2Z1+ Zy

decimal numbers J
5

MULTIPLICAND = 8

pointer

«— multiplier slide

MULTIPLIER =9

{c)Brian Coghlan 2020

Fic. 4—Multiplication using Ludgate’s logarithmic slidés calculation of 8*9 = 72 (Image courtesy of
The John Gabriel Byrne Computer Science Collection)

Fig. 4 shows one of the set of multiplicand slittest has been moved to the right until this paldicu
slide has been stopped by a rod whose verticahesgpresents the Irish logarithm of the digit ‘Bhis is
in fact the first digit of the four-digit exampleuttiplicand (‘8132") in Ludgate’s 1909 paper (the
Engineeringarticle has a six-digit multiplicand ‘813200’).g~i4 also shows that the (single) multiplier
slide has been moved to the left until stopped mdarepresenting the Irish logarithm of the digit(the
first digit of the four-digit example multiplier 247’ of both Ludgate’s 1909 paper and Er@ineering

article). However, just how the extent of the irmge in overlap is transmitted to the Mill is unclea

Ludgate’s planned machine was, like Babbage’s, écab entirely mechanical device, but Ludgate’s
design was evidently very different to Babbagetsisinot known whether the main mechanisms were
realizable with the technology of the time. It wamsall, about the size of a bar fridge. It had a kiladd
like Babbage’s (but presumably not influenced bmian Index to multiply via Irish Logarithms (an

entirely new idea), and compact Storage via rodssimttles (another new idea). Sequencing and numbe

81 Coghlan et al, ‘Investigating the work and lifeRércy Ludgate’, cf. n.18 above.
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input were via a perforated paper sheet or rolthe same vein as Babbage's strung-together punched
Jacquard cards, but quite different (and agaidliprabability not influenced by him). Both the sesncing

and the storage differences are at least as signtfas the arithmetic differences, even though déne not

as great. It is not appropriate here to go inttherrtechnical detail, but a much fuller explanati® given

in a recent papéf, while our most up-to-date understanding is docugtein a work-in-progress online
paper*® There is no evidence that Ludgate ever made adagnpt to build this machine. After Ludgate’s
1909 paper, and Prof. Boys’ 1909 reportNature there seems to have been very little mentioni®f h

work. For example, the 1911 editionBrficyclopaedia Britannicdoes not mention his ide#s.

No obvious motivations or influences have beenalisced, despite scientific, commercial and ancestra
searches. In the family domain, for example, thsrenly a small probability that his brother Fradier
could have had much influence on Percy’s AnalytMakhine design during the seminal period 1903s9, a
he lived in Tullamore during 1902%8.Similarly, in the commercial domain, it does ngpaar that
Ludgate’s novel multiplier mechanism was influentsdthe very different multiplier mechanisms onesal
in the late nineteenth century or early twentie#ntary®® And scientifically, Ludgate’s multiplier
mechanism was totally new, with the only influentksly to be the logarithmic principles developiedm

the early seventeenth century onwards (again seedrk-in-progress online papéf).

IV. PERCY LUDGATE SLATERLIFE

By 1911, Percy’s brother Thomas and wife Bedeligevgtill in Cork, and his sister Augusta was still
Great Britain®® By then also Frederick, Alice and their daughteiat had moved to 17 Carlingford
Terrace (the street just behind Dargle Road), adyPhis mother and his brother Alfred were siilBO
Dargle Road® Thomas, Frederick and Alfred were listed in thestes respectively as a land agent’s
cashier, a flour and provision agent, and as aismfis clerk. Percy was listed as a commerciakdie a
corn merchant, but it is not known by whom he wagleyed or when this employment began. It is

possible it was a first step towards an accourdarger.

82 Coghlan et al, ‘Investigating the work and lifeRércy Ludgate’, cf. n.18 above.

8 Coghlan, ‘Percy Ludgate’s analytical machine’,rcil9 above.

8 Encyclopaedia Britannic&alculating machine§1911). Available at:
https://en.wikisource.org/wiki/1911 Encyclop%C3%AédBritannica/Calculating_Machines

8 ‘Tullamore Sessions 5 July 190Mjdland Tribune 5 Jul. 1902, 1; ‘Tullamore Sessions 1 May 1908inster Reporterl
May 1909, 3; ‘King’'s County Assizes 2 March 1909fidland Tribune 6 Mar. 1909, 4.

8 John Wolff, Personal communication to Brian Coghf21 Feb. 2017).

87 Coghlan, ‘Percy Ludgate’s analytical machine’,rcl9 above.

8 |n the 1911 Irish Census Thomas and Bedelia stedliat 173 Gurteenaspig, Bishopstown, Cork. Pesigter Augusta was
recorded in the 1911 U.K. Census as an indepenae&nan boarding in St.Pancras, London.

89 NAI, 1911 Census Returnote: Carlingford Terrace is now part of Carliogf Road.
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In 1914 his second papéwytomatic Calculating Machingsvas published in thdandbook of the Napier
Tercentenary Celebratigrwhich took place in Edinburgh on 24-27 JUflyThe Celebration was a major
event, which attracted an international audiencered wide coverage in the press. Ludgate’s sepapdr
focused on Babbage’s Analytical Engine, but brigfigntioned his own 1909 design for his Analytical

Machine, and a subsequent and intriguing differemmne design’

Randell's 1971 paper states that ‘during the 198.4var he [Ludgate] worked for a committee, set yp b
the War Office, headed by Mr. T. Condren-Flinn,isepartner of Kevans & Son’ (accountants, PI. %),
to ‘control the production and sale of oats’ foe ttavalry, which ‘involved planning and organisatan a
vast scale, and Ludgate was much praised for thermae that he played Kevans & Son letterhead of
1917 confirms the senior partners were Edward Kevand Thomas Condren Flinn, both chartered
accountant§? The Ministry of Food established the Food Conttaimmittee for Ireland in September
1917% and it established three Oat Committees in Septerh®18, with Kevans & Son coordinating the
Midlands Oat Committe®. But it has not been possible to locate any aatualence that the oats were
intended for the cavalry, or that Ludgate was his relation to this.

Ludgate is often said to have been an accountanthlt was not the case until eight years afte 1809
paper. In 1971, Ludgate’s niece stated to RandatIPercy studied accountancy at the Rathmineg@l|

of Commerce, where he was awarded a gold ntédald was employed at Kevans & Son. It is not known

% percy E. Ludgate, ‘Automatic calculating machines’ Ellice Martin Horsburgh (ed.Napier tercentenary Celebration:
handbook of the exhibition (also published as Madestruments and methods of calculatifpdndon 1914), 124-7.

%1 Brian Coghlan, ‘Speculations on Percy Ludgateffetince engine’. Available at cf. n.14 above.

92 Kevans & Son occupied Caledonian Chambers, 31 DBmeet, which was designed for the Caledonianrémsie Company
in Ruskin-style by the architect James Edward Rygeee:http://www.patrickcomerford.com/2016/12/a-uniquekting-on-
dame-street-dublin.htmKevans & Son was ultimately subsumed into Pricgéthouse Cooper, now known as PwC.

% The likely source of this information was ‘Mr. Bunne ... who joined the firm of Kevans & Son in 19g%tom Randell's
1971 paper, cf. n.8 above).

% NAI, NAI/PLIC/1 PLIC-1-430, 8 July 1916; PLIC-1-83, 8 Feb. 1917. Edward Kevans was a founder menaimet
President (1901-20), of the Irish branch of thei&gcof Accountants & Auditors (S.A.A., renamed fdg of Incorporated
Accountants & Auditors, S.ILA.A., in 1908). Thom@sendren Flinn was Edward Kevan’s clerk, becomimfpartered accountant
in 1906, and Kevans’ partner and successor.

% The Food Control Committee for Ireland (Secret@iryd. Kinnear) was established for ‘Defence of Realm’ by the
Ministry of Food on 3 Sep. 1917. See: TNA, ‘Oatsntol Committee’, MUN 4/6489, Sept. 1915; TNA, ‘W&ommittee:
Oats’, CAB-42-14-2, 18 May 1916; TNA, ‘War Cabinkish Oats’, CAB-24-25-76, 19 Aug. 1917; ‘New fooefulations: Irish
committee appointedlrish Times 3 Sep. 1917, 3.

% The Food Control Committee for Ireland establisNexithern, Southern and Midlands Oat Committeekdih8. Kevans &
Son coordinated the Midlands Oat Committee. Seetidd to oats merchantdiish Independent25 Sep. 1918, 4; ‘Notice to
grain merchantsNenagh Guardian26 Oct. 1918, 2.

" The college was founded as Rathmines Municipahfieal Institute in 1901, renamed later, and suleslimto Dublin
Institute of Technology in 1992 by timublin Institute of Technology A¢Government of Ireland, 1992). The college records
have not been located.
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when the latter began, but certainly in 1917 (a8#)xhe was awarded honours in Accountarfcsfter
being examined by the Corporation of AccountdhfEhis body held Preliminary, Intermediate and Final
examinations in Dublin in June and November, atahedd exemptions from the Preliminary
examination*° Ludgate’s name does appear amongst the publigikaiihtermediaté® and the 1917
Final examination result§? but Preliminary exam results were not publishedfevious years.

Examination by this body provided the least-expamsiption for Ludgate to become an accountantan th

era’®as it did not require putative accountants togggenticed”* nor to attend university (the subject

was not taught in any Dublin university until hesasmbarked on his studi¢Sj.Conceivably these studies
and his subsequent Oat Committee duties and wdfksns & Son cut short his nocturnal work on his

machines.

World War | ended in Nov. 1918, when Ludgate way&ars old, overlapped by the Spanish Flu epidemic
which lasted from May 1918 to Mar. 191%.The subsequent Irish War of Independence (1919¢e2fljo
partition of Ireland in May 1921, and the Angloshi Treaty in Dec. 1921. In that month Ludgate’sheo
Frederick died of tuberculosiplithsig at his family’'s then home at 1 Tolka Villas, Rmnbnd Road,

Drumcondra®’

% Corporation of Accountants, ‘Corporate accountamisults of the June examinatioRteeman’s Journall5 Sep. 1917, 2.
% The Corporation of Accountants was originally fedrin Scotland in 1891, only in 1939 becoming péthe Association
of Certified and Corporate Accountants (ACCA), aldwide body that certifies accountants, then wasitgd a royal charter in

1974 and changed its name to the Association oft€teal Certified Accountants (again ACCA).

1% Three examinations had to be passed, Prelimifragrmediate and Final. Fees for the exams weresdp£1.1s.0d and
£1.11s.6d respectively. The Preliminary Examinati@s for the following subjects: Writing from dititan, English grammar
and composition, Arithmetic, Geography, Englishdrig, Elementary algebra, Euclid Book 1, Elementaatin, French or
German. Candidates possessing the necessary funi@dkmowledge could be exempted from the necess$ipassing the
Preliminary Examination.

191 Corporation of Accountants, ‘Corporate Accountsus’, Irish Independent2 Sep. 1916, 4; ‘Corporate Accountants
Examinations’ Freeman’s Journal2 Sep. 1916, 3.

192 Corporation of Accountants, ‘results of the Jurengination’, cf. n.98 above.

193 peter Clarke, ‘The historical evolution of accangtpractice in Irelandlrish Accounting Review? (Special Issue, 2006),
1-23.

194 Tony FarmarThe versatile profession: a history of Accountainclyeland since 185QChartered Accountants Ireland,
2013). Apprenticed accountants are now referreabtarticled’. The Institute of Chartered Accourtaim Ireland (ICAI), how
called Chartered Accountants Ireland, operated uadeyal charter from 1888, with exacting finaheiad examination
burdens, including the requirement to be appredtice

195 A Commerce & Accountancy chair was created at ehsity College Galway in 1914, and a Commerce fgaul
University College Dublin in 1916.

198 |da Milne, Stacking the coffins, influenza, war and revoluiiofreland 1918-1919Manchester, 2020).

197 Death certificate for Frederick Ludgate (DublinD&c. 1921). Available ahttp://www.irishgenealogy.ie/
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PL.VI—31 Dame Street, Dublin (with flag), where Petaydgate worked as an accountant (Image courtesy
of The John Gabriel Byrne Computer Science Cobbegti

Ludgate remained with Kevans & Son as an accountatiit his death in Oct. 1922. In Randell's 1971
paper there are two attestations to Ludgate’s cleraFirstly, according to an accountancy colleabe
‘possessed characteristics one usually associateggenius, ... he was so regarded by his colleagues
the staff ... humble, courteous, patient and popuBecondly, according to his niece Violet, dawyhof
Frederick and Alice, ‘Percy ... took long solitarylis; he was a ‘... gentle, modest simple man’; she *
never heard him make a condemning remark aboutnaiyshe thought him ‘... a really good man, highly
thought of by anyone who knew him’, and he ‘... alwayppeared to be thinking deeply’. The only known
photograph of him, provided by Violet to Randedl,shown in PI. Vli(a), probably taken in the lasef

years of his life. He never married.
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Randell's 1971 paper stated that in October 1922yR¥eveloped pneumonia after a holiday in Lucerne
and was nursed by Frederick’s wife Alice. On 16.Q60R2, he died aged 39 at 30 Dargle Road, quickly
followed on 22 Oct. 1922 by Alice aged 47 at theelaitle Hospital®® In the U.K. and Ireland, life
expectancy was 57 years in 199%2and his family died at an average age of 58 ysar®ercy died
younger than expected. That Alice died six dayar latiggests a highly infectious illness. His death
certificate states the cause of death as catasrteaimonid;’° which mostly accompanies diseases like
influenzal** Both Percy and Alice were buried in the Ludgateifagrave in Mount Jerome Cemetery that

Percy had purchased for Frederick’s buttal.

PL. VIl—(a) Percy Ludgate (Image courtesy Brian Ran¢dé@t) Excerpts of Percy Ludgate’s handwriting
from his will (Images courtesy of National Archivetireland).

1%8 Death certificates: Percy Edwin Ludgate (Dublif,Qct. 1922); Alice Emily Ludgate (Dublin, 22 O&022). Available at:
http://www.irishgenealogy.ie/

19 Max RoserlLife expectancyAvailable at:https:/ourworldindata.org/life-expectancy/

12 Now called bronchopneumonia.

1 Guthrie McConnellA manual of PathologgPhiladelphia, 1915).

H2Mount Jerome Cemeterifarold’s Cross, Dublin. Available dittp://www.mountjerome.ie/

Percy-Ludgate-Irelands-First-Computer-Designer-famsibnV2-20210520-1512.doc NOT FOR CIRCULATION



25

Ludgate’s original handwritten will of 26 June 19&irvives-* It is the only known example of his
handwriting, extracts of which are shown in Pl.(W)I He bequeathed his estate to his mother Mahp (w
was then aged 82), or, if she predeceased hims toidce Violet, and made his brother Alfred his@xtor
with £50 in lieu. Alfred administered probate, @getig relatively modest assets that include Wamkoa
and War Savings with interest, bonds in the UK,tRoffice and bank accounts plus cash, but just an
estimated £10 of personal effects, and no realgrtgpfor a total value of £885.7s.4d, includingndon
assets of £192. The debts included medical expdaseslocal Drumcondra pharmacy, and a local docto
Thomas Codd** and to another doctor in Merrion Square, MichaekE> and funeral expenses plus
cemetery fees. Also included is rent of £5.18s®d Miss Lennon, 78 Queen Str&8tAfter estate duty
including interest was paid, the residue was £8221Dd. Probate was proven in Dublin on 23 Jan3192
and in London on 12 Feb. 1923.

V. PERCYLUDGATE' SFINAL RESTINGPLACE

In 1911 Percy Ludgate's father, Michael Edward latdgvas living in Omagh, Co. Tyrone, as Edward
Ludgate, single and an army pensioHétie applied in 1919 for one of the new state perssible died

three months after Percy in 1923 in the Union inéry, Belfast, and was buried in the Belfast City
Cemetery:*® The burial was arranged and paid for by the Irdiryrin the City Cemetery, which suggests he
had a pauper’s gravé’

After Percy's death, it appears that his motheryMiarother Alfred and niece Violet remained at 30
Dargle Road until 1935. His mother died aged 96986. When Alfred administered Percy’s probate he

declared himself an accountant, but no evidencdéeas found confirming that he was a qualified

3 NAI, NAI/CS/PO/TRWIll of Percy Edwin Ludgate26 June 1917.

14 Dr, Thomas Paul Codd, of 78 Lr. Drumcondra Roddd daiged 62 years on 12 Nov 1922 (‘self-administaspium
poisoning’).

15 Dr. Michael Francis Cox (1852-1926), 26 Merrionugee North, was one of Dublin’s leading doctorghgsician at St
Vincent's Hospital, consulting physician to sevdbalblin hospitals, including the National Hospifat Consumption, with a
large private practice. He was a member of the RI&cted President of the Royal College of Physgia 1922, but fell ill in
1923.

18 Neither the 1901 or 1911 Census lists Lennoniatgroperty (corner of 78 Queen St and 1 Benbtjtbre 1911 Census
lists a Lennon family with four daughters aged P2yRars at 66.3 Queen St, and another Lennon famtlyone daughter aged
5 years at 44.2 Benburb St, neither close neaifthye 1910Thom’s Directorylists a Mary Lennon at 73 Queen St, but in the
1911 Census that building is listed as ‘Storage’.

TTNA, 1911 UK Census Returns

18 For details of births, marriages and deaths refeto in Section V, see: ‘Percy E. Ludgate priz€amputer Science’, cf.
n.22 above, especially sectiodmcestors of Percy Edwin Ludgate; Ancestors of BealHopkins; Ancestors of Eileen Mary
Ludgate

119 Belfast City Cemetery Application for Internmar®375.
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20 After his mother’s death Alfred lived in the eriis of the North Circular Road. Thomas &

accountan
Bedelia, whose only daughter died in infancy, mofreth Cork to England and settled at Blue Hazel
Cottage, Chailey, in the environs of Newhaven asacBhaven, Suss&X.Bedelia died in Newhaven in
1934 and Thomas died in Lewes in 1951. Alfred @etl953 in the Royal Victoria Eye & Ear Hospital
where his niece Violet was employed as an Almorgesk, but his death was registered by the hdspita
not by Violet. Randell’s 1971 paper states that¥srdrawings or manuscript were not found amongst
Alfred’s effects. Percy’s sister Augusta was reearth the 1939 U.K. Register as institutionalized i

Leavesden Mental Hospital, Watford U X?where she died in 1954.

Thus by 1954 Percy, his parents and siblings Hatlead. Those who died in Dublin were buried in the
same grave in Mount Jerome CemetéhHis only niece Violet, daughter of Frederick ankit@, lived at
39 Wellington Road, Dublin until 1987, when sheddie St. Vincent’s Hospital in EIm Park. Her probat

shows she donated her body to Trinity College Dutadr medical research, finally to be interredres t

Cruagh Cemeter¥?* Only one person has been found thus far who rerasmfiolet’?® and Randell

communicated with Violet only by letter. Consequgnintil recently it was thought that, since Lutija
parents and siblings had died by 1954, and hien#alet had died in 1987, that there were no bjvin
descendants of his parents. Then in 2018 it wa®desed that Violet had given birth to a daughtarifara
in 1935'%° She was privately adopted and, renamed Anita,dbvioup in Jamaica. She married and moved

to America, where she and her husband raised &/fasge Fig. 5.

120 Alfred Ludgate declared he was an accountant eyadlat George Drevar Fottrell & Sons (solicitors,Fleet St, Dublin.
There is a letter from his employer attached tdate, but no evidence that he was an accourfthnin’s Directorylisted
accountants, but never listed Alfred Ludgate, vittiémntinuing to list Percy Ludgate until 1929.

121 TNA, 1939 UK Register, Thomas Ludgate, Chailey Roadse($939). They are not in the 1914-15 Worthing Dioey,
or the 1915, 1922 or 1927 Kelly’s Sussex Directonthe 1934-6 Lewes, Seaford, Newhaven Blue Book.

12 TNA, 1939 UK Register, Leavesden Mental Hospital, Wdtf@839).

12 Mount Jerome Cemetergf. n.112.

124 NAI, 2008/1/6769 udgate, Violet: will and associated papetsOct. 1985.

125 Brian Coghlan, Personal communications (Jan. 2019)

126 Brian Coghlan, Personal communications with Ttisinzalez (7 Dec. 2018), prompted by an old entr§. 2013) on a
genealogy message board.
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1863: MICHAEL 1. MARY ANN McMAHON
Arthur Thomas Walter Albert Augusta Frederick Alfred / Percy

1864 1865 1867 1868 1871 1875 1881
d. 1864 d 1951 do. 1868 o 1870 d. 1954 d 1921 d. 1953 \ d.1922

|

1888: THOMAS m. BEDELIA BUCKLEY 1%00: FREDERICK m. ALICE WALSHE

Eileen Percy \iolet Frederick
1892 1901 1903 1906
d. 1892 d.1901 d. 1987 d. 1906

: |
M:VTOLET, FWILLIAM HOPKINS

Barbara (renamed Anita Newton)
1935

ANITA NEWTON m. ARMANDO GONZALEZ
Stephen Warren Bruce Dorothy Trisha Nicole
1953 1955 1957 1960 1964 1968

d. 1997 d.2015
Stephen m. Pamela Bruce m. Carol Dorothy m. Jerrard Trisham. Vital Nicole m. Erik
Samantha  Stephen Jessica Christina  John Tess
1887 1589 1885 1887 1001 2004
I | I | Nicole m. Austin
Luke
Samantha Stephen Jessica Christina 2090
m. Cliffton m. Allison m. Bruce m. Ryan
Evan (F:Stephen) Bryce (F:Stephen)  Sophia Joshua Danniglle  Jacob (F:Prince)
2006 2010 2011 2009 2015 2008 © Brian Coghian 2020

Fic. 5—Descendants of Frederick Ludgate and Alice Luglgée Walshe (Image courtesy of The John
Gabriel Byrne Computer Science Collection and tbezalez family).

Percy’s home at 30 Dargle Road (where he did hikwo his Analytical Machine), which was occupied
by the Ludgates from 1899-1935, exists in good tard By contrast the Ludgate grave, occupied by
Frederick, Percy, Alice, Mary and Alfred, and owrsdAlfred**’ who made no will, long lay unmarked
and in poor condition. Since the grave could odyarked with permission from the owner, or by €los
descendants, the identification of Anita Newton &ld®wved this to be addressed, and her childremw, avh
direct descendants of three occupants of the Ledyatve, were in 2019 allowed to erect a grave arark
(P1. VII).

127 National Archives or IrelandyAl/CS/PO/TRWill of Percy Edwin Ludgatef. n.113 above, arldount Jerome Cemetery
cf. n.112.
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(© Brian Coghlan 2019
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PL. Vlll—Ludgate grave, before and after Sept. 2019%@es courtesy of The John Gabriel Byrne
Computer Science Collection).

VI. CONCLUDING SUMMARY

Percy Ludgate, who was born, lived, worked and didceland, published his Analytical Machine paper
the Scientific Proceedings of the Royal Dublin Societ¥909. Prior to the present paper, he presdnted
sets of unknowns, one in regard to his life andotiver regarding his machine. Firstly, he died ywand
single, and by 1987 there were no known descenaéiis parents or extended family, so family and
personal details were scarce. Secondly, his 1908rpgxplained key principles of his machine, butas
not very forthcoming otherwise, as none of the m@nayvings of the machine and its parts that Ludgate
stated in 1909 and 1914 he had prepared had beed.ftt is possible that World War | interruptee th
dissemination of his work. His ideas seem to haenltforgotten by the time of Baxendall's 1%8ence
Museum catalogue of Calculating Machines and Imsents'?® in which Ludgate’s mentioas the
designer of a difference engine (rather than oRmalytical Machine, which went unmentioned) stiated

Randell's 1971 investigation.
The new material in the present paper has all ieemd since 2016, the majority since January 2017.

There have been two particularly significant disaoes, firstly at Christmas 2018 of the existentéis

niece Violet Ludgate’s daughter and descendantsnsiy at Christmas 2019 of the article and esfigcia
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the diagram in an August 1909 issue of the litthkn journalEngineering

The first discovery occurred as a result of theesive genealogical investigation that has perthitie
identification of Percy Ludgate’s ancestors bacth#1700s. During these activities it was fourat th
another genealogist was also researching the Ledgatily. This led to the discovery of an unsuspedet
of Violet Ludgate's descendants in America (one/lebm joined the investigation), who were legally
entitled to place a memorial on Percy Ludgate'samad grave. His life still presents many mysteries
about his education, health, Civil Service and sghent career. There remains a hope of findintpdurt
descendants of the later generations that weregdrary with Percy Ludgate, and hence the posggibil
of obtaining through them additional informatiorutBhe existing results are a clear testament|yfits the
potential of the Internet and pervasive computorgebllaborative historical investigations, secgndt the
power of modern genealogy not only to create exddridmily trees but also to discover records tinae
the life of a family, and thirdly to the immensdu@of the continuing digitization of historical clanents

and records.

The second discovery was a direct outcome of thesiiigation's outreach activities, in co-operatiath

the Ludgate Hub. Prompted by this, Ralf BuelowHeinz Nixdorf MuseumForum, found a brief account
of the kernel of Ludgate's design, published juséva months after his 1909 paper. Astonishingls thi
account, like the more comprehensive account injbtlenal Engineeringupon which it was based,
contained an explanatory diagram that must have peevided by Percy Ludgate himself. This single
diagram is of significant value in obtaining a memmplete understanding of Ludgate's highly innweat
‘Iish Logarithms’ multiplication mechanism. His efane still presents many mysteries, not least his
inspiration for and motivation in pursuing the dgsopf his machine. He designed a potentially disvep
mechanical technology; his storage scheme wasm&tyecompact; his Index would have dramatically
reduced average multiplication times relative foeaged addition; these and his approach to divisiere
novel. The latter is now common, as is multiplytaoalation (MAC), and grouping of an operation with
its operands; these aspects of his design may get future application to miniaturized mechanical
machines. The new details deduced by this researcla clear testament to the value and abilityvehe
just a single drawing to illuminate hidden factsoabba machine, hence the discovery of any further

diagrams would be likely to have a significant ircpa

128 pavid BaxandallCalculating machines and instruments: cataloguthefcollection in the Science Muse(mndon,
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The investigation has amassed a very considerattiéva?° which is, as far as is permitted, available

online within the John Gabriel Byrne Computer Sceeollection. It is hoped that the present paged,
the associated archive, will prompt and encouragéér research, especially in Ireland, into gtiexds of

Percy Ludgate's life and work.
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129 Al the biographical material and genealogicaldevice is aggregated in: ‘Percy E. Ludgate prizZ@dmputer Science’, cf.
n.22 above. All the technical and other materiahailable at the Ludgate folder, cf. n.14 above.
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