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Abstract

Ada Lovelace [luh-vlais|, the daughter of the famous poet Lord
Byron, is a figure often overlooked in the annals of history despite her
profound contributions to the field of computing. This essay delves
into the life and work of Ada Lovelace, tracing her journey from her up-
bringing in the 19th-century British aristocracy to her groundbreaking
achievements in mathematics and computing. Drawing upon primary
sources and scholarly research, this essay explores Lovelace’s collabo-
ration with Charles Babbage on the Analytical Engine, her visionary
insights into the potential of computing, and her pioneering algorithms
for the Analytical Engine that foreshadowed modern computer pro-
gramming.
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1 Introduction

Imagine being a woman in the 1800s and visualizing a flying machine at the
age of 12. Ada Lovelace (December 10, 1815 - November 27, 1852), a writer
and mathematician from England, was given the title of the World’s first
computer programmer since she was considered the first person to recognize
the potential of computers beyond mathematical computations. Her collabo-
ration with Charles Babbage regarding the Analytical Engine paved the path
for modern computing technologies.

2 Facts About Ada Lovelace

e Lovelace suffered a lot of illnesses at a young age, sometimes getting
headaches that hindered her vision.



Figure 1: Ada Lovelace!

e She became the Countess of Lovelace when her husband, William King,
became the Earl of Lovelace.

e ADA is a computing language named after Ada Lovelace in recognition
of her significant contributions to the domain of machine computing.

e The second Tuesday of October is Ada Lovelace Day when the entire
World celebrates achievements by women in the STEM field [1].

3 Early Life

Lovelace was born to the famous poet Lord Byron and Anne Isabella Mil-
banke. Her father died when she was eight years old, and her parents had
been separated long before that. In England at that time, upper-class girls
tended to be involved in a strict system of education with classes such as
arithmetic, astronomy, geometry, languages, and music. Her mother, with a
mathematical background, deviated from this traditional path and taught
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her many lessons herself, especially in the field of mathematics. This distin-
guished her from most other women in a time when women were less valued
in the STEM field. Her mathematics teacher, De Morgan, once said that “if
she had been a man she could have been Senior Wrangler.” [2]

4 Charles Babbage’s Analytical Engine

Charles Babbage, the “Father of the Computer,” came in contact with Lovelace
through a mutual friend and later introduced her to his Difference Engine,
which was meant to calculate all polynomials up to a certain degree using
the method of differences and loops. Many years following his initial plan, he
finished his hand-computed table of logarithms in 1827, and a small working
prototype in 1832 [3]. He later started to work on the Analytical Engine in
the mid-1830s. He planned for it to include a mill (modern-day CPU), store
(modern-day memory), printer, card punch, and graph reader. It was to be
made up of axles and wheels, with each axle representing a number and each
wheel representing a digit of that number. Such a machine would be fifteen
feet tall and twenty feet lengthwise. With all this technology, it would take
three minutes to multiply two 20-digit numbers, according to Babbage. The
Analytical Engine would have been considered a general-purpose computer
in modern classification, which was a concept that originated in the 1930s
by Alan Turing [4].

After sensing a lack of support from British scientific establishments,
Babbage was invited to Turin in 1840 by Italian scientists, where he gave
lectures about his Engine. Luigi Menabrea published the first account of the
Engine in October 1842, and Ada Lovelace received the job of translating
the article.

5 Lovelace’s “Notes”

Ada Lovelace’s most significant contribution to computer science sprang from
the notes she added to the translation of Menadrea’s article about the An-
alytical Engine. From 1842-1843, not only did she translate from French to
English, but her contributions displayed her belief that machines were able to
follow a list of instructions and that programming could extend beyond num-
bers. Her notes, labeled from A through G, ended up being double in length
compared to the original article. Under the name “A.A.L.”, her comments
were published in 1843 in an English science journal “Scientific Memoirs Se-
lected from the Transactions of Foreign Academies of Science and Learned
Societies.”



Figure 2: Two experimental models of the Analytical Engine, ¢ 18702

Note A, a relatively well-known section of her notes, highlighted the con-
cept of passing values from zero to infinity and how the engine could alter
processes as needed. She used the concept of operation and variable cards
that carried instructions and could be executed or looped [5]. As she men-
tioned in Note B, the columns of the table represented values, variables,
and intermediate results throughout the execution of the program. They
would represent general functions until the cards impose specific functions
upon them. Her algorithm involved initializing memory locations, setting
up loops, performing arithmetic procedures, using conditional statements for
special cases, and storing the final result. Note C focused on solving for in-
tegrals using successive reductions in each step. [6]. Out of all of the notes
she added to her article translation, Note G remains the most famous one to
this day.

5.1 Note G

The first generally accepted algorithm specifically for computers was known
as Note G, written by Lovelace in her additions to Menabrea’s work. This
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algorithm was not tested for a long time until technologies became more ac-
cessible after being translated into modern languages. In this section, she
described her view about the Analytical Engine: “It can do whatever we know
how to order it to perform. It can follow analysis, but it has no power of
anticipating any analytical relations or truths” [5] Lovelace used Bernoulli
Numbers, defined recursively by the formula

k=0
to demonstrate how the machine operates.

Diagram for the computation by the Engine of the Numbers of Bernoulli.  See Note G. (page 722 ef seq.)
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Figure 3: Diagram from Ada Lovelace’s 1843 paper, step-by-step procedure
involving Bernoulli Numbers?

For example, her notes included the way to calculate By, the eighth Bernoulli
Number, using the formula B; = —1 x (Ag + B1A; + B3A3 + BsAs). The
By, B3, and Bj are other Bernoulli Numbers, while Ay, A;, A3z, and Aj are
factors of the coefficients that can be calculated using Pascal’s Triangle. The
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expressions for them are as follows [7]:

g o L ol
2 2n+1

Alzn

A ~ 2n(2n —1)(2n —2)

° 2-3-4

A = 2n(2n — 1)(2n — 2)(2n — 3)(2n — 4)

o 2-3-4-5-6

Despite minor errors in her explanations, all of her notes demonstrated her
foresight in the field of programming [8].

6 Legacy

Ada Lovelace’s insightful understanding of the Analytical Engine, with the
help of Charles Babbage, provided its potential for being a general-purpose
computing machine that is capable of executing instructions beyond pure
calculations. Her notes, especially Note G, became the first generally ac-
cepted computer algorithm using Bernoulli Numbers. Because her work was
so ahead of her time, it did not get wide recognition until it was repub-
lished more than a hundred years later in B.V. Bowden’s book “Faster Than
Thought: A Symposium on Digital Computing Machines,” after Lovelace
passed away at the young age of thirty-six due to uterine cancer [1]. Although
her breakthroughs were not recognized until a century after her death, she
proved that intellect and innovation have no gender boundaries: “Ada’s notes
are not to be assessed as a work of mathematics but as a work of a more
speculative, experimental nature ... She showed what imagination could
reveal that mathematics alone could not.” [2]
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