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Charles Babbage

Father of the Coml:)uter
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Charles Eabbage Polgmath

Babbage had interests in
Maths, Astronomg and
Management Science.

He was a founder member of
the Royal Astronomical Society
and the British Association for
the Advancement of Science.
He wrote “On the Economy of

Machinerg and Manufactures”
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Babbag&:’s Time Line

1791 Charles Babbage born in London
1812—14 Undergracluate at Peterhouse, Cambriclge. Found maths old hat
1815 | ectured to Rogal Institution (24 \g.o.)
1816 Ditference E‘quations. Made Fellow of the Rogal SOcietg (25 9.0.)
1820 Helped to found Ro\gal Astronomical Societ\g (29 \g.o.)
1822 Invented Ditference Engine (and printer} (31 9.0.)
1826 “Comparative View of Various Institutions for Life Assurance”
1827 Inherits equivalent of $10 million.
1828-%9 |Lucasian Professor at Cambridge. (37-48 g.o.) [Newton, Hawking]
1850 “Reflections on the Decline of Science”
1831 Helpec‘ found British Association for the Advancement of Science.
1832 “On the Economy of Machinerg” (Babbage Principle} (41 9.0.)
185471 Plans for Analgtical Engine; tinkered with until his death. (43-80 9.0.)
1847 Invented Ditference Engine No. 2 (56 g.o.)
1871 Babbage died, age 80.

P T s = e i s T————



L b i 2. S g

The Babba ge Princi Ple
I‘Sabbage observed that skilled workers often worked

below their ski” level. (‘f:asg to notice when admin

WOF‘( StOPS HOU ClOiﬂg FGSCBFChj

The Babbage Principle was that correct Division of

| abour gave the easgjobs to unskilled Workers) or

even to machines.

S

!
|
;



L b i 2. S g

Motivation for Ditference Engine.

e In Baboagc’s clag, sin(x), cos(X), etc., were found bﬂ

|oo‘<ing':hem up in books of tables.

e Such boo
o Babbage

¢s were tull of errors.

earnt that the French were generating

navigational tables usinga few skilled mathematicians

and arl army O‘F PCOP!@ Wl‘)O mere|9 l’WBCl to @

(An excellent use of the get~to~be~inventecl Babbage

Princilolc.)

« Even addition can be done incorrectly.

o Tgpesetting the results is error-prone.
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Principle of Ditference Engiﬂe

e O Aoy e e
= O 4 | 9 | 16 | 25 | 36 | 49 | 64 | 8l
OX2 > Bl e
SOx2 2.2 2 2 e T

Tlfme Ahcmcerences between thc squares are the OClCl

numbcrs. Tl’)é clhcmccrcnces bctween the odcl numbers are

constant. Reverse tlﬁe Process ancl we can generate XZ.
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Principle of Ditference Engiﬂe

edieE B Bl e o T L
AOOX | 6 6. 6 6 6 e &
AOX? 6 112 | 18 2 30 hap b R
Ox? 1 7ot 19 37 6l L9t DI EdE0 |
O L8 27 64 |25 206 55 52

With enough stages we can generate any power of x.
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Principle of Ditference Engiﬂe

X O | = 275 5 6 & 2 50
900 (2x2+x3) 66 P16 a6
90 (2x2+x3) 10 16072 28 af e fe i
O (2x2+x2) A o da29 o511 79 Silia | 1550 fage ol
2X2+XD O |3 |16|45 | 96 | 175 | 288 [441(640]| 891

With enouglﬁ stages we can generate any polunomial N X.
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Taglor Series

The more terms the better,

but aPProximation is best for small values of x.

Degrees 0 10 20 %0 40 50 60 70 80 90
Radians | 0.0000| 0.1745 | 03491 | 0.52%6 | 0.6981 | 0.8727 | 1.0472 | 1.2217 | 1.396% | 1.5708
sin(x) 0.0000 | 01756 |0.3420]0.5000 |0.6428| 0.7660 | 0.8660 | 0.9%97 | 0.9848 |1.0000
x-x2/3 | 0.0000 | 0.1736 [03420| 0.4997 | 0.6414| 0.7619 | 0.8558 | 0.9178 | 0.9426 | 0.9248
+x5 /5! 0.0000 | 01736 [0.3420|0.5000 |0.6428| 0.7661 | 0.866% |0.9405| 0.9868 | 1.0045
-x7/7 0.0000 | 01756 |0.3420]0.5000 |0.6428| 0.7660 | 0.8660 | 0.9%97 | 0.9848 | 0.9998
1I-(n/2-x)2/2!| ~0.2%37 | 0.0252 | 0.2537 | 04517 | 0.6192 | 0.7565 | 0.8629 | 0.9%91 | 0.9848 |1.0000
+(n/2-x)*/41| 0.0200 | 0.18%6 |0.3465| 0.5018 |0.64%4| 0.7662 | 0.8661 | 0.9397 | 0.9848 [1.0000
-(1/2-x)¢/6! | -0.0009| 01755 | 03419 | 0.5000 |0.6428| 0.7660 | 0.8660 | 0.9%97 | 0.9848 |1.0000

The lower Part of the table s

hows how we can keep x small. |
We use the values of 90°-x. sin(x)=cos(90-x). cos (x)=1-x2/2l+x*/41-x6 /61+ .. ;
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| The dlffe[enc Engine" at the Science MusLum,
| London, that lead to the development of the
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The Arithmom

g b

eter

Invented 1820 (2 yrs before Difference
Mass~|:>roc1ucecl 1851.

Cngine),
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Structure of Ditference Engme

8 Registers

+ + + +

7Aclcling machines

This can generate any 7th order Polgnomial,

given the right initial values in the registers.




B e i P g N e b At . it - ol

Steam Age Time Line

7 Charles Babbage born
1816 Babbage made FRS (age 25)
1820 ‘Arithmometer’ (mechanical calculator) invented.
1821 Faraclag demonstrates Principle of electric motor
1822 Ditference Engjne (and its printer) invented (age A1)
1826 Photographg invented
1828 | ucasian Professor at Cambridge (age 37)
1829 Stephenson’s ‘Rocket’
1852 ‘On the Economy of Machinerg’ (Babbage Principle)
1843 Tgpewriter invented
1854-~71 Plans for Analgtical Engine; tinkered with until his death.
1847 Difference Engine No. 2 invented
1991 Difference Engine No. 2 completecl ]39 British Science Museum
2000 Difference Engine Printer c:ompletecl
202172 Analgtical Engine Completecl. (Design was ‘crowd-sourced’.)
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Motivation for Anaigticai Engine

The clesign of the Ditference Engine 1S re!:)etitive. b

Wiﬁg not use one aclc er ancl store intermecliate results? i

:

Now we need a program to tell it what to do.

But we can tell it what we like.

We can microl:)rogram oPerations like multiplication. .
We now have all the ingredients of a modern computerl |

]

.'Z‘;xcept binarg. ‘Z‘_xcePt ﬂoating—-l:)oint numbers.
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Ada Lovelace & The Analytical Engjne
Both are rePI
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The Analytical Engine, had it been built to
Babbage's plans in the early 1840s.

1. The Store (hard disk, or memory). 2. The Mill (Central s o
Processing Unit). 3. Steam Engine (power). 4. Printer (printer, e

round the other side). 5. Operation Cards (the program), 6.

Variable Cards (Addressing system) 7. Number Cards (for

entering numbers). 8. The Barrel Controllers (microprograms).

RN T

Sabbage’s Zﬁth Plan for the Analytical f:ngine
[. The memory. 2. The CPU. 5. Program cards.

6. Aclclressingcarcls. 7. Data cards. 8. Microprogram.
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Speciﬁcation of Anal 3tica| Engine
It had operation cards, §~digit address cards, and §O~cligit number cards.

The ‘Mill had two 50~cligit inPut regjsters, one with a 50~cligit extension | |

for double precision arithmetic, and one clouble—-l:)recision output regjster. |

It could divide a 100~cligit dividend b9 = 50~digit divisor and store a a0
chgit c]uotient and a 50~cligit remainder.

Wh9 507 It didn’t support ﬂoating Point, so numbers had to be scaled.
It could also multiplg, add, divide, find square roots and shift N Places.
A ‘run lever’ was set when, cB; subtraction give a negative answer.

It could skip N cards forward or back, clepencling on the state of the run-

lever, enabling conditional loops and branches. (Turing complete.) f
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Work at the Science Museum

e Ditterence Engine No. 2 built to 19th century

engineering tolerances. Complctcc in 1991.

o Coml:)utes?c]%orcler Polgnomials to cﬂigit accuracy.
o Matclﬁing Printer completecl in 2000.
o Analgtical E‘ngjne to be comp eted for leth

armiversarg of E)abbage’s death in 2021.

e There was no final clesign by Babbag&:,

so the clcsign chosen was crowd-sourced.

o Itis exl:)ectecl to wciglﬁ 15 tons and have a Tz clock.
o A Trium[:)l’) of Steam Punk!
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