FRG R

B B ki
B 3 s B 2 2 25 TE AT

David H. Bailey Jonathan Borwein

WE m GBFA TR T AR K RGN, KL LR
Z—HFETHGAE, KRB m AT ENIL— P AL — LB 5%, L
o) EH, XNFALHAE, AHEGELT, 7 HEFAEGTFLRATANY
HLbG .

L AR PHEEERESD
BOom, FERUE R R AN B —E 0, A T R R A R B 4
BV R B B A5 W R S BRI (LI F G128 Newton (44
%ﬁ%)ﬁﬁe%%ﬁﬁﬁkﬁ¢%ﬁﬁﬁ,%ﬁ&ﬂﬁﬁﬂﬁ%$,ﬁﬁﬁﬁ%ﬂ$
FIEAEARLE, HENTERAE AR IE T2, :
MEZ T, BRIV ILE 7. 7 Ang Lee (%) S M —WI4 E Yann Martel
PRI CFIREGFLIIR (The life of P1) D Y 2012 EWFEZ 20, A4 Piscin
Molitor (“Jk (P1)") AR EETT = 6 10 #5 BT HES M, HEMMEZETT
RANS, BESE T B8 Vi r EESERTEBWES, L 2013 4 Scot
Hilbwn f5-Fif (IREGZET (Wite of P) » , HERT —4 4 WIBEBIE—4 « BEME
#, XEARIIA SRR R T, RS T R " [22). _
@$3ﬁ14H%ﬁ“@ﬁﬁaUﬂﬁ%”%ﬂ%fﬁﬁﬁﬁ@km%%ﬁ,E%@%
SEIHTRH TR T R0 0E, 8 3/14 3ERRE BB RS R A 10 BRI
{8 (3/14/15 RUKE 201548 3 A 14 H¥E—MEKIES). BUERH BT 1988 4, BIHE
IHREMW (DR 9 Larry Shaw PI—&F, AR BEMRL Frank Oppenheime
(SUAUSIR) (3% 9727 Robert Oppenhcimer §3 3, 18 f— R #yM2%:56) 750 K
T RRE AN B 8 5858,
JEHIE AN B ARG T S B i kS A P TR IR R AT R B 5 R I R 0 — A B
B E: The Amer. Math. Monthly, Vol.121 (2014), No.3, p.191-206, Pi Day Is Upon Us Again
and We Still Do Not Know if Pi Is Normal, David H. Bailey and Jonathan Borwein, figur
number 8. Copyright ©2014 the Mathematical Association of America, Reprinted with
permission. All rights reserved. 3 E#2 b 2@ TS0 A '
David H. Bailey #£ Lawrence Berkeley National Laboratory T.fET 15 4EJ57T 2013 4 6 A
JBIK, FACARAET M AL B K0 0% (A48 Peter Borwein A1l Simon Plouffe)
LR T A RBRARE “BBP” 430, {bAYHEHIHIALR DHBaileylbl . gov.
Jonathan Borwein SEMHEH MR LA University of Newcastle B~ {3 R R S
flb s bk jonathan. borwein@newcastle . edu. av.
L) A8 /N A PR I A R A T — A R e e W R
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g, WTEMEZ 2, BAREMN T LR2RN— 4 R ENREIEHH, XFETRE
R ARIE. U BT 2009 4F, AW BRI R E gy g ik, BTl T i
W, s A 14 Bk EFRERESE, R R E e X — R GUE T
VEEl, B T B A AR ARG L M (1T 2 T Fe g M. 0 [23].7)

— A IR, 2007 4B 3 H 14 H CEZ9BHR (New York Times) » #— T
Pk h T —SHR, RSN, © (IR P 2 BUER A A3t e. flin,
33 ME Y “Hubert 2 BTSSR (% SxRO) & 34 JAHH “BEA (stove feature)” (B
%, 7LOT)Y 38, ot t, 28 AFIRE 3 H 14 B, IPHEg 1o
T PIDAY, ] PIPPIN X B i—1 4 S3d]. SVFH[, 3MHF IR B g g ep e (15,
p. 312-313] 1,

a. ARLPI 7 AR
A [14] TPER, ETRS T T4
1. 2012 4F 9 H 12 H, fERILAT S50 B8 408 ZARM -, 5 BRET AH

BRI FHARKIERSEEN LEBTT » B 1000 ArF.
9. 2012 4E 3 H 14 H, FFEHT ST Michael H. Simon #irf#E B A F &IEM

BRI 5, WAL T — T 0 T — B WA SPCIR] 9 AR AR

3. £ 2005 4F 9 A 20 P AL HMB HERENTE FER (Jeopardy)!” # “HEF” 3
et J R ¢ ‘How I want a drink, alcoholic of course™ U@ W FILEE.” (&
% BIEHREGA?).

4. 20044F 8 F 18 H, Z8EHIEE i, ¥ %177 14,159,265 4N “new slices of
rich technology” #IH¢SR. 20134 1 H 29 H, iRk ETTRTEAL BRI TN
— Mg ENS Android (Z2EL) PHL R Chrome HEERS O A

5. 75 1999 4ERTHE (BREWE (Matrix) » F—Hrdr, 341 Neo (L 314 BIEATTYI
ZPE. IR (time) » AR E R AL« SRR,

6. 1998 SEAOBEMRIT VTR (P1) ) PIHLBIACTE Sundance (EFHI) MW LK.
AR SCAE ) T R, AR AR AS R R RERERL

7. 1993 4E 5 A 6 ARRM (EEF—F (The Simpsons) » , #itik Apu B “HATLL
22 iE IR EIZE ] 40,000 . BIE—RIEFRE 1 MR EAA SR 2 —RIEGH
Fy.

8. 7 Carl Sagan 1986 4Ef4 Ml (Contact) B wft, AL (FERRHH Jodie Foster

1) #2iR, wuw. google. con/trends?q=Pi+ B H M P H AN F T — Bk

2) BT e BUREHE A 26 T 0 4 B2 A0 SF— ISk, BLIEAE 10 IRARREDIBLRAN M 22 sUMIL STkl
AR SBSTE T, W [12, Singmaster, Entry 27} #1 [14]. X5 A PR R A BN T %
FRE f g, JRTE

3) pilot (light) (8 X H “(RMAMBSUTZ) AW, 5 “BAO MG — &k

4) BEEE, AT M I SRR R, 31415026, IR A R Rk R A IR

5) JF-cil 2004 4F 8 J 18 HASHROREE 1 H iR 2005 4 8 A 18 H.-— HIE

6) Wt A RIF R — B
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W) BT« WECERER, AR ET 2 EITE © BRI R B ESRIE

Sngiy ke

ST LIRS 3 0, BB A (12, 14] o F £ HER “BERICZIE 858 I EER
B (plems)” (BicHEdy S IEalE vk, ZHRA, IHEHS T DS E] » BT, 280
B34 “Sir, I bear a rhyme excelling / In mystic force and magic spelling / Celestial sprites
elucidate / All my own striving can’t relate.” (13, p. 106]. 7 S [F R iFLBE [12, Keith,
Entry 59, p. 560-561}.

X WSRIEATERERARA N, 20124 8 B 14 HREADEEREMFEIAD

L 47 ML 314,159,265, X FRARETR IR M R IR, T RMEN « SEARSA

Ty, 2
b. F5EEERNELE

B R B S AT, TN BTN, v IEXHEMAEE, R0
FH w WIERTRAEF. Y B 1R S RBOGESRTE PP, B 1 1996 4R

The admirable number pi:
three point one four one.
All the following digits are also just a start,

five mne two because 1t never ends.
1t can’t be grasped, six five three five, at a glance,

eight nine, by calculation,

seven nine, through imagination,

or even three two three eight in jest, or by comparison

four six to anything

two gix four three in the world,

The longest snake on earth ends at thirty-odd feet.

Same goes for fairy tale snakes, though they make it a little longer.
The caravan of digits that is pi

does not stop at the edge of the page,

but runs off the table and into the air,

over the wall, a leaf, a bird’s nest, the clouds, straight into the sky,
through all the bloatedness and bottomlessness.

Oh how short, all but mouse-like is the comet’s tail!

How frail is a ray of starlight, bending in any old space!

Meanwhile two three fifteen three hundred nineteen
my phone number your shirt size

the year nineteen hundred and seventy-three sixth Hoor
number of inhabitants sixty-five cents

hip measurement two fingers a charade and a code,
in which we find how blithe the trostle sings!

and please remain calm,

and heaven and earth shall pass away,

but not pi, that wonr't happen,

it still has an okay five,

and quite a fine eight,

and all but final seven,

prodding and prodding a plodding eternity

to last.
B 1 H Wislawa Szymborska ffEf# “PI” #
1) 38 2013 £EFY M ILF http://wew. youtube. con/watch?v=Vp9zLbIE8zo.—— JRIE
2) —A-4 i B A 3 H R R TRACAE hytp://wwv. carma. newcastle. edu.aw/jon/piday . pdf, i
3) WHZ W, [12, Irving Kaplansky’s “A song about Pi.”].- JH{E
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LIRS M 2435 A Wislawa, Szymborska:(1923--2012) SI4ERY (29, p. 174]. 72 2
#‘?EMIEH‘T&Tﬁ-wﬁﬁj}ﬂ'})\.ﬁﬁfﬁ%—‘h‘&%ﬁﬁﬁ%-" Kate Bush fifii P I (18] X
FHRAIBAE I 2005 4ERY AR (R (Acrial) . LG RAERDX B AR FEH HEE
R R BEER R, AMEMEM R R G B, BB ILBERI T /N
R EREREN. Y

Sweet and gentle sensitive man

With an obsessive nature and deep fascination
For numbers

And a complete infatuation with the caleulation
OfPI

Oh he love, he love, he love

He does love his numbers

And they run, they run, they run him
In a great big circle

In a circle of infinity

3.14159265635 897932

3846 264 338 3279

Ol he love, he love, he love

He does love his munbers

And they run, they run, they run him
In a great big circle

In a circle of infinity

But he must, he must, he must

Put a number to it

50288419 716939937510

582319749 44 59230781

6406286208 821 4808651 32

Oh he love, he love, he love

He does love his numbers

And they run, they run, they run him
In a great big circle

In a circle of infinity

82306647 0938446095 505 8223. ..
B 2 h Kate Bush §MEM “Pi” il
2. BI¥EEANRE
7 T AL RAT A 09 5 S-S ST B AT AR FE R B TR, B B AR A PGB 7 ~
3. RLAATENT 1650 R R EIEF M (Rhind) 4EH NN 7 = 32/18 = 3.16049 .. .. F-Hj
BIET RS B A 7 = /10 = 3.162277. . .. Archimedes (B3 KAE) {8 ﬂ’}%ﬁt%’
W, r#f\rgehﬁm%wmz B 1% 4&#3@.%&4?
3-u =3.14084... < 7 < 3;2 =3.14285...
George Phillips i rﬁﬁiﬂsxﬁ:&?ﬁfw WA = 2 ek TP A B O S AR A LA (12, Ene
try 4].
a. MAEALR 2 EHER
A AEF A 10 SEABIAR, BoA TSI BLPAIC 5 SRR (4, 27), BER
KU T IR REBAEAS A SISETE - FIALARET 10 AR Gerbert of Aurillac
1) G TR 150 LR, (HAESS 50 (LR RAE T HHR. B EMTAL T R — FE
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(ST RR IL) (9461003, 7E 999 4EAL A # R Sylvester (PH/RLENTRS) i) H—ik
FIAEIRRH, XAE 13 {40 FHABE Fibonacei (BEPARSL) HEPRANFN M TIA, ERMA
SERRT RGN, XA T RFMA S AR, 16 ta, 7e/Bud w2
BT, — NS A8 E B AR T L TR R BRI R e AR AR A AE Y
X IR, S 2T g 3 P A R T AR, {EL 2 SR AR e D B AR Y LTk 21
Xtofen: R — B LB RE — BRI ERKAF. 24, p. 577]
b. MRS HEZ EER

HEEAT 10 /NGB SR BACMAR 8 T BS, 17, 18 i 19 22 p 32 R H 5
T m. Newton (4F1) #£ 1665 Tt T 16 M, EAAEE RN “BWFMHEUF IR
MK TR T 2RO NS, TEHERRAE DRI . » 1844 4, Dase (5
)V AE Strassnitzky? fH5 S TIHE T 212 30 (5% 1 h¥HEAR—3 — K38),
WX — LA IR IR RY [14]. 1X86%¢ 3k William Shanks (M 3HT) (1812—1882) 53
g, MFIFAT John Machin 2 X (HH arctanz = 2 — 2%/3 + 25/5 — 27 /7 +2%/9 —--)

% = 4 arctan (%) — arctan (21@), (1)
# 1 20 AR m ffEELg

Archimedes ATCHT 2507 3 | 3.1418 (FH1H)
pUES 263 5 | 3.14159
Hwpz 4807 7 | 3.1415926
Al-Kashi 1429 14
Romanus 1593 15
Van Ceulen 1615 39 | (35 fLIEH)
Newton 1665 16
Sharp 1699 71
Machin (#§4%) 1706 100
De Lagny (fiij8) 1719 127 | (112 {iiE)
Vega (#m) 1794 140
Rutherford 1824 208 | (152 firiEH)
Strassnitzky Fil Dase 1844 200
Rutherford 1853 440
Shanks 1853 607 | (527 firiEHR)
Shanks 1873 707 | (527 fLIEH)

1) 445 Johann Martin Zacharias Dase, 1824—1861, ¥ 2 E.EME. 0 HAZ 6 44 E O
TS 20 P TRR:, AF] 40 SBhEtELGEERAS 40 SIECRTRY:, ... (HAb H AR RS
B, I HEEA S, K J. Petersen W Hfh— kL EAFE M, (HELENAZX AR Dase
REJTRF BOMACF T . Dase 11T = FEAFRT 212 (LIEREEH T A2 W5 H 0. Bk

2) 44 Leopold Karl Schulz von Strassnitzky, 1803—1852, flE¥25¢. AR n/4 = arctan—12 +
arctan™1 5+ arctan—1 8 #A LA, Dase BIF|HEAA R « A97T 212 MLIEREEEA —— Bk

- 226 -




1874 fEHELT 707 PR e 1853 4RIHELE] 607 firfg LAER:d 30 T RIBORRAL
pedpit, XTI H R Rutherford (/7 SEENE), De Morgan (fFEHR) (Wif3), Herschel (2
s TR B, ROCERMILT) M Airy GLEL) SCRpROAR . D

W, U 527 FIECERIEFAY (H Ferguson I+ HasfE1E — ML /EHY 1946 fF
), BHEFZ T De Morgan ARHHEGYREE, MBTE Shanks By HiRRAE A HRZH 7 (S
R B R De Morgan BRAAIIARFEA BUR TS (26]). 3% 1 ’éﬁ&}TiXEiJﬁEE@~’|‘fJ\
gk JRA1ERE Sharp (L) &—MHOW, Ferguson f—{i2eA# I, i Dase &4
CONEEVRY . VR A e T IX BB S R A SCHR T RATE [12] 3.
c. EIFIENEF

LEX BRI E 7T &SR RN, « 55 ML & DT B T ki & . 1761 4F,
Lambert (2Z4(1%%) [12, Entry 20] {f Ji 50 (improper) ZE4-BIER T = & IO HLEL, ANL
ST 1 T ARLESE. #FHAE 1882 4%, Lindemann (#AE) [12, Entry 22] IEH] T X
AR o, o SRS, XA R (B e = 1), X
sE R VAR T — N 2000 4R 55 Sy a1, BB RO PR RIS 81— METT B
RS —A B A MR AR RTTRE, B MR ARE, 7 28— LT iy T 49 5%
(constructible) #&, JATIT SRR,
3. 20 e RZIE

Wi R TS AT R A R R, AR TR B SR B SR A B T
7 ORI T TR, (AR R s Fourier (L) A8 2 b T 5
a. 1/7 ) Ramanujan (A% 4) KL

WEREWE, T AR — S F i e, A Ramanujan 1914 4R A3

1 2v2 & (4k)!(1103 + 26390k
7 9801 k:Z:U ( ((k')43964’“ )’ @)

HARTI AT R AR P AN 8 AN IEFIST [16]. David (A4E{E) Ml Gregory Chud-
novsky W T2

k( 134k
e
HApmis g im 14 AIE%%I?» ﬁﬁ’h&iﬁﬁﬁmﬁzj‘ﬁﬁ?ﬁ% |50 [14] AIAHICHI AL
¥ [16).
b. % 1/m BRSSO [17)

LR 7O AR Y B — A S R RN T 1 B9 Salamin-Brent Stk [12, Entries
46 il 47): 4 ag =1, bo = 1/vVZ Al 5o = 1/2. JXf k > 1 HEER

2a?

ag—1 + br—
ak:_k_lz_’“l, b = v/ak—1bk=1; Ck =0 — b3, s sk = sk—1 — 2%ck, kaE- (4)

1) f AT SEAL L B2 500 iz, T4 JLAS A J5 SERUBERE R I R T JISTAO R [12, Entry 20]. 29
i AR 7 AR A B R AN L. —— R
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pr E =M WCEBUT m—— AR 2 IE B R A % H 36— %
%% Ramanujan 1914 4E—F§ CE Y 5 &, 1986 4EASCAEH VAl Peter Borwein oy
T —AHHRMEIL [16): 4 a0 =6 — 4v2 fl yo = v2 — L. WX & > 0 HGELR

= 4y1/4
1+ El + ifi;w a1 = ap(l + gin)” — 242
k

W an S WS 1/ B AR BOR T 4. 4L 21 Wk AAR ey

—A5 m AL ATTIL (6 trillion) B AKOR (BRI 2 AU BT I .

BB R — e R B, RSNV R R AR (25T Moore (FRJR)R 49)

BARCHEATOLIB I, « B RO TR, R HSEERS AL, BB 201

G, HEE +7 o ML R 2 R A EH AR m L Y
F 2 HEAUAGTSE 7 p g

Ykt1 = Yr+1 (1 + Y1 + CU:%H).

Ferguson 1945 620
Smith 1 Wrench 1949 1,120
Reitwiesner 4§ (ENIAC) 1949 2,037
Guilloud ‘ 1959 16,167
Shanks I Wrench 1961 100,265
Guilloud F1 Bouyer 1973 1,001,250
Kanada, Yoshino fil Tamura 1982 16,777,206
Gosper (i) 1985 17,526,200
Bailey (DUA]) 1 H 1986 29,360,111
Kanada fI Tamura 1 H 1988 201,326,551
Kanada 1 Tamura 11 H 1989 1,073,741,799
David fil Gregory Chudnovsky | 8 H 1991 2,260,000,000
Kanada #1 Takahashi 4 A 1999 51,539,600,000
Kanada #il Takahashi 9 A 1999 206,158,430,000
Kanada #1340 9 fie1E# 11 H 2002 | 1,241,100,000,000
Bellard 12 A 2009 | 2,699,999,990,000
Kondo il Yee (4:%71) 8 12010 | 5,000,000,000,000
Kondo f1 &E1E 10 B 2011 | 10,000,000,000,000

4. EEBRBMETRE © ¥
BOE—YALAP &« We e T X — BARRIEI R, 1996 4E7 4 T — 5 = i

1) JF3CiRH “one of us”, HifEHEZ —. —— &k

2) trillion f& SC7E S8 BRI DERL AR A —3 ). AT T, 1 trillion= 102, X535, 1 trillion= 108,
B3 RHAE BFSCR- 074 . AL SRR R E R — R

3) Moore @EftZ i Intel A E GG AZ —0 Gordon Moore 7£ 1970 AERTEHE LAY, HAPA R 4
SRR TR SRR H, 2R 24 N A S in—fF.—— Bk

4) sIF AR, R PE Shanks AJER 1 HfY Shanks.— JR:
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—jil k16 SERIBCT T R, SRR VSR T 1 R AR A (30 . T A PSR (%
=3 ﬁ”i‘f‘iﬂ%??ﬁﬂ@ﬁﬁ, Bl —~ 328 Ferguson f#y “PSLQ” F¥EH it Az 5
o k& AL 9 19, 20]:
Ao g o 12 1 1
”_I;wk(sxcﬂ 8k+4*8k+5‘8k+6)' )

AR GUBFRR © iy “BBP” AF)Y HTENT R — AR R L R R . AT A
iR B B TR S AT BB BRI B A FR X — A
a. frEin{aTizEEY

AR AT R G B R SE BT, BT R Log 2 ALY (Of
HART R A

— 1
log2 = Z o (7)
k=1

EEEGT d+ 1 BLfY log2 i ZERIRIFAUN 2910g2 fY/NEGHST, LB FRATT LIS
e (b {o} R = BNEERIT):
d_ ad—k ©  gd—k
o 8 2¢=*mod k } 248N } }
{2¢10g 2} {{; 3 +{k=2m 7 8)
BAETE BB — AR R0 4 T T SRR E ST HER S s 5, B, Eedm,
317mod 10 = ((((32mod 10)?*mod 10)?mod 10)*mod 10) - 3mod 10. L A (6), B AARRE &
Frpet ) I EE 16 BEHIECE
R B BT, FISR KR R A BLE AR TS m i 16 BRI B, Hotm, 201048 7 A, HE
P S5 U Tsz-Wo Sze (i FH1) HH38 T m HIASE 2.5 x 101 L FFARIZE-16 . ZJR1E
20134 3 H 14 H (REZH), ZHE el (Santa Clara) Je2ziy Bd Karrels #5171 T4
—T-JTAZ AL 26 ANFE-16 BT [25]. AhEI4E RN 8353CB3FTFOCIACCFA9AA215F2.)
b. B
SR AESZRR Y B TR AR AR BN RO T SR ]
TE) 40 iy o fEA TR T AR A KRR NTRTFHRDEEEE R FUR
LB fORE 6 (BT B TARIERY 16 AOREHREE (JLTLAY S BOR 32 P 64 fir)
(3], T S0 B 400 8 iy S e+ S B RO 1 B e 3% 50,000 4L (6], {H A R A HE A X
AIKTHG “IEBR” B
(R, [ 8RS T SN SE R — MR R I —— B B — gy
R B — SRR TSI, SRS IR LT AR SRR, BOKE S AR
WYL BN, Holn, 1986 4R, —XMEA (4) #1 (5) BT 7 B AR PRI T
1) AR AR AE 1995 4 Simon Plouffe $£H /Y, }T—I))Q&?ﬁﬁﬁ*é}fﬁé’]mﬁj{{’ﬁ% David H. Bailey,
Peter Borwein I Simon Plouffe 3 Af)4 4. Lk F 2T, Plouffe B985 1 2 3 At Y
B AT, AR KBRS T R, BOEEk, Rl « B5 n /BT AR H B R HT
n— 1 f g PaA N R BRI . —— Bk

2)T£16 iﬁﬁﬁjﬂP: 0: 1) 2)"'39‘0-5%%}‘]:\.01 1: 21-'-1 g;mA-‘ B1 O,...,Fé}%lj%éﬁ: 101 111 12)"-1
15— &
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Mg Cray-2 M FIHLZ — i — oA MR E. D 3R H, EIATH YRR |
BB AT PR Fourier A8l — s FLIRF S I F X o B ST T IE iy TAF [2).
5. FRBIEM MR MERIVFHEA

Sy E—AIEH b > 2, TR o BFRH b-EHLE (b-normal), 3 AT b EHLE (norma
base b), UISRAEEAE R m BFE-b B R LARBRATR 1/6™ W BUAE o B30 ITH. |
RS RSIER, U BT S AR b > 2 B0 b BRI (WARPFBORRN 4324,
M (absolute normality)), ELXH4% G i B8 32 H 1E A B4R B S R R MERY .

FERIH, WA NREXT AR (T — R b SRHE R o IEBLAY, SR UL X
A B RSN — . XA R R R I A AR e -t ERRREIT X
W2 LAWK | T4 p kR, HERBEPRCEImmER. MNP ET—
S B SR IE I A (S 2 A T R 905 L P 5 AR R B 4, AT LA A — I T A T A 28 (A
BB e A S TETEETE R SERR R . IR A AR S E i 2 A e Sy B W, A0
e, log 2, V2, Fil v (Buler (Bk$%) #%). Borel (FIH /R) FARITH AOACEUTCH B R4 1E
A, H2, $ERBA LA — BT 0 AR R FRE XA F AR L HY.

A A IEFAE B ST A ) T2 FTBOE R % 10- IE#LHY Champernowne  Cro FIF 84
FERA % 2- LAY Stoneham 3 asa: Cho = 0.12345678010111213 .. . (it 8 1E 40 7 —
FRLTTHIAL), a2, = Yyso 1/(8¥2%") —— WFIC (10, 11, 28], QBB — MRXTELH i 24
WU, D AR o B HERURIF RS 1 A E R Cnl/P, X BTR T4 R n
KIRT o —AIER C Moz (8], Brek, Hodn, v2 B ZEm RIFH B n Aih 1 MECH
WL /7. !

USRI X S B KR, (LR BR, TERAGEARRZA, T« d# i
PR, P TE AR S TR B R AR, W AR AR, B LR
T LA R

a. GEitoarth

— SRR RN m BB B AT R G T, R ENIAC® DIsg,
TESLFPRREE 1, MHLPRra ST AR e, B dnE (7] o, fEE {3 —> Poisson (1H
) A FRAEAEAIRINRT « BRI ITACAL 16 i (FE-16) FFHIEMME, HG
ML, RIEX—IHR, © R 16- EMAX —IBHTR “BORTTRER” (YR, IhERARE
Db —MIER).

b. EIfRRE

BB H A IR R« SR B B M AERE DL S A BN (1. 6

m, &3 BETRTF—E A4 p hEENECTE— Mg, SRR AR, L,
i B EL MR R KSR, IR, X8 A T Cray £ T WA, ——
2) E}\IIAC, Electronic Numerical Integrator And Computer (HFR{EFHHAL) M%ES, BHR

FE—GEAE TN ER Turing Se2MEFHENL, SRR, Mot R
SR
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Eﬁﬁl_?ﬁ%?_ﬁi—‘/l\ﬁﬁfﬁ, HI7 1 BT AR — L
RERLEAIRA A 0, 1, 2, B0 3. Bt i/R i 3)
fy e — WK HSV ﬁ;%ﬂét%ia 4RSS - A
#wosk-H K- %4, Hd S f vV FF
1. HSV (faif (hue), fIf1E (saturation), Fl55
i (value)) FRR R — A 7 e T ML P 20 €631 R
(g [ AL AL AR R AR o

Bl 4 JRRTET « By — T4 3 B3 — iy DoapLie 3y
s R ) N WV e e O S Sl B LR R 1)
WME, PhlkjE http://gigapan.org/gigapans/
106803, & T BRI 2r BEAN 372,224
990,218 14 % (It 1080.3 1248 %). X EH B LA
e R E SR —, AR, A A
eI E I

REFHBART © WL fﬂiﬁ’]fﬁﬁfﬁﬁ‘iﬁj‘
MoxssE g, HAEMG MR, & 41k
i (R 2- IERLAY), B KB AR S Oh b B4 7 5 1000 424
HLAE R -4 B0 R A AR SR AR (BhHY 4 WP W
¢. Champernowne #{

F AT I T% 0 R B i A A A s e o f”h‘m\w
REBLIER — A 2 2594, b iy Champer- ' i \
nowne % Cy, HIERJE ML R b HHEH A T
SRBOIAE N LA b R R B B R BENT A IE ¥
PR G S BR A IE R AR 55— 2% (1] i 3

3 b B Sl

Citif kz b mgm(b — )bt Tl

Cio = 0.123456789101112. . el

& 5 Champernowne [)38-4 $=210 3]

Cy =0.1231011121320212223 .. 4. (9)
FEPE 5 o, FRAVBR T IERE I3 B ML &4 27t —— vl [l 4 808 0 v S 30
W HASE], X HEREM Cy defZE IRy, Y
d. Stoneham #§
33— 7 g B T8 T T RF5% Stoneham i ¥, HY
2 1

K93k
=32

(10)

Q2,3 =

1) FH7 4 L3R4 BT,
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Bl 7 AT A4 TERLAY
Stoneham Fir ¥t (cve,3) BUFAYNFE

R CRTTINEE L X PO T O oL} BRI "

8 dEE#LAY Stoneham H 4L
6 Stoncham H¥ (aa,3) MHE-3 HeFei i) (uz.s) H9FE-6 HE WS

BB FTHAERT A 2- IERLA R B — (B T IR », & 2" IEMAY) (10,
11, 28]. HEEME, BHIEH &£ 6- BN, DEFER U0 FEHET XM
—A, T ANEMIEMERR ST B DR ENE 5. X THMAHEE, €
FEHEIE 3, HIEMEE AR AR

B 6, B 7 AE 8 BIT A aos MFE-3, H-4 FIFE-6 WETFRAE M),
Fd PFEUER G R G ok mle, HeE—BRmBTEaho, 1, 2 80 3 1M
BmZR, db. VEemE. B3 MELEAHR T 0, 188 2 48R 0, m/3 B 2n/3 I AR B B
PEBEB T A R, 2eMiHh, 36 WEREL L kn/6, k=0,1,...,5 K AEB I EAIEE
(=408

FEIX 3 A, AR A4 (BB A B RN (R BT e i gt L
[ 3 Al 4 JZARMUY), Ti%E-6 Ml RMARFR, BRI E—FKTL. i, R
{3 %o -6 BT MBI IR R I a3 RIZ 6- IERLI X—3-6 BRI+
H—RBWZE [5]. (1] FXFaHE « ENAKR CAER FCH R0 R T X R
KA LR :

XEERY S MR RE R IE R AIER, (AR MR B AR, BT 7 2L
Jil 2t A A KR FEA B BN IE ALY, LB T it — 25 ) e BEAL A e - B A T
1, ZEIERL Stoneham Fh &3 T WFHLEA [1]. 1hoh, BA 2 HSCMBENLIED) Y & Bt R
TORN A 0 BB AR BRI . V2 AH56(5 B, G 3) i, #777E http: //carma.newcastle.
edu.au/walks/.
6. HABKEENIE
a. ¥ [a)

28R, 26T, WA RAHE H R 2 HAth 1 o (] 4 P 0 VL
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%ﬁ%UM?Eiﬁ?%v@ﬁﬁﬁﬁiﬁﬁﬁﬁﬁ,ﬁﬂ%ﬁﬂﬁﬁ%ﬁ@%%
2 FARMW T

o Hy 3 EHBARREBALT LA 1T« i 10 BHBIFRRGERFLAHT? AN
ARG, BNTIE AN Bl AR ISR i 77 2R B A b T 3 4 A ) [ A

b. TEHFAYE)E
B AR LRE, RTX—&, WAFSEARY P 5 M.

1. W4 m e AR T A SR 2 A< W] LA T A SE A0 B e i 5 2
AR HRE 5 B

9. JL4% Archimedes JA JLATAIIE LR A 4R, Rt A tidg S EEETRE 10 4
MBI 7 XA Z AR AT B A T (AT REA IR 5.

3. A4 R R AR AT TR 10 FEM2 FUAR AR EAT A 10 HEH] /N2 10
PR N AR A G B 12 e p R R e BT R T A SRR, HEE
TR —.

4. KH 4 Gauss fl Ramanujan {&REFFHA 18 H Y « &7 H53%, = (¥ Salamin-
Brent YRS R —H Gauss %, LAKH Ramanujan A5 (IR
TRICTREE ESRIEIRAE) 8 7 gL — 8k SR, IS, A A1
BB AR AR (g S A, XA AT By 2R AR B AR 7

5. WAl LB R S B R R AR E] « i BBP A, HIAR (6), BRARFIME
R B A I W, AT REIA, XA AR K
T AR AN AL 25 SR RE B UE R
T ERE, BRI AR BARMOE T « (e, AHAER TR MR TR B AR

VERE, BUAC R TEE B A A i B RS AR T L AT BT Y R A,

3 ELAALTE (Ot —RE, ol &R (ks ks o BE B VT PRIHE Fourier 284t

Rt 02 B A5 HRE D) dats T H5aeR.

PR s S Al . NP AT © # BBP é}ﬁ‘ DY E5S AN

Hh e B e AN T D BN B BAT PSLQ BE s FH LM EHORRTIL, R

MR T RERT o AR

c. FWAFRIEARYEE
TEREE R, ITFERAAR, RS Y-

4 ;i 7 (k)( 1+14k+76k2+168k3)

(11)

71.3 £ 82k+1
2048 7 o= (D33 2 3 a
= Ly st (21 + 466k + 4340k? + 20632k° -+ 43680k"), (12)
k=0
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72485 1 A7 (Goulevich 2001 4519 TAE) (k) = 1/2-3/4- - (2k—1)/(2k), T 2 AN
s (Cullen 2010 £ TAE) 1, k% () = z(z+1)(z+2) - (+n— 1)V J& Pochhammer
5.
7. &t
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A e ?
ﬁ%%%ﬁ&%%@ﬁ.ﬁ%ﬁﬁﬂ%&ﬂ&ﬁ%ﬁ%%k%ﬂﬁﬁ%@%ﬁ*%
H%W@.ﬁﬁﬂﬁﬂ%%%k%ﬁ%%ﬁ%ﬁm?ﬁﬁﬁﬁﬂ%$%,ﬁ&ﬁﬁﬁm
AR A A BB 7 B .

B ()
SHEICHR

[1] F. J. Aragén Artacho, D. H. Bailey, J. M. Borwein, P. B. Borwein, Walking on real
numbers, Mathematical Intelligencer 35 (2013) 42-60.

[2] D. H. Bailey, FFTs in external or hierarchical memory, Journal of Supercomputing 4
(1990) 23-35.

[3] D. H. Bailey, R. Barrio, J. M. Borwein, High precision computation: Mathematical
physics and dynamics, Applied Mathematics and Computation 218 (2012) 10106-10121,
available at http://dx.doi.org/10. 1016/j.amc.2012.03.087.

[4] D. H. Bailey, J. M. Borwein, Ancient Indian square roots: An exercise in forensic
paleo-mathematics, Amer. Math. Monthly 119 (2012) 646-657.

, Nonnormality of Stoneham constants, Ramanujan Journal 29 (2012) 409-422,
available at http://dx.doi.org/10. 1007/811139-012-9417-3.

[6] D. H. Bailey, J. M. Borwein, R. E. Crandall, J. Zucker, Lattice sums arising from
the Poisson equation, Journal of Physics A: Mathematical and Theoretical 46 (2013)
115-201.

(7] D. H. Bailey, J. M. Borwein, C. S. Calude, M. J. Dinneen, M. Dumitrescu, A. Yee, An
empirical approach to the normality of pi, Experimental Mathematics 21 no. 4 (2012)
375-384.

[8] D. H. Bailey, J. M. Borwein, R. E. Crandall, C. Pomerance, On the binary expansions
of algebraic numbers, Journal of Number Theory Bordeaux 16 (2004) 487-518.

(9] D. H. Bailey, P. B. Borwein, S. Plouffe, On the rapid computation of various poly-
Jogarithmic constants, Mathematics of Computation 66 (1997) 903-913, available at
http://dx.doi. org/10. 1090/80025-5718-97-00856-9.

1) FOcHsR (o +2) B (@ + 1) — Bk
2) £ http://tauday.con/ Fn wwwAPbs-org/newshour/rundown/ZO13/03/for-the-—love—of—pi—and—the—
tao-of-tau.html. JRiE

[5]

- 234 -




L B T T T

2

[

D. H. Bailey, R. E. Crandall, Random generators and normal numbers, Experimental

[ Mathematics 11 (2002) 527546, available at http: //dx.doi.org/10. 1080/10586458.

2002. 10504704.

1] D. H. Bailey, M. Misiurewicz, A strong hot spot theorem, Proceedings of the Ameri-
can Mathematical Society 134 (2006) 2495-2501, available at http://dx.doi. org/10.
1090/50002-9939-06-08551-0.

[12] L. Berggren, J. M. Borwein, P. B. Borwein, A Sourcebook on Pi. Third edition.

Springer, New York, 2004.

13] B. Bolt, More Mathematical Activities: A Further Resource Book for Teachers. Cam-
bridge University Press, Cambridge, 1985.

[14} J. M. Borwein, The Life of Pi, extended and updated version of “La vita di pi greco,”
volume 2 of Mathematics and Culture, La matematica: Problemi e teoremi, Guilio
Einaudi Editori, Turino, Italian, 2008. (French, in press). 532-561, in From Alexandria
Through Baghdad: Surveys and Studies in the Ancient Greek and Medieval Islamic
Mathematical Sciences in Honor of J. L. Berggren. [Edited by N. Sidol and G. Van
Brummelen. Springer, New York, 2014.

(15] J. M. Borwein, D. H. Bailey, Mathematics by Experiment: Plausible Reasoning in the
91st Century. Second expanded edition, A. K. Peters, Natick, MA, 2008.

[16] J. M. Borwein, P. B. Borwein, D. H. Bailey, Ramanujan, modular equations, and ap-
proximations to pi, or how to compute one billion digits of pi, Amer. Math. Monthly
96 (1989) 201-219.

[17] R. P. Brent, Fast multiple-precision evaluation of elementary functions, Journal of the
ACM 23 (1976) 242-251, available at http://dx.doi.org/10.1145/321941.321944.

[18] Kate Bush, Aerial (Audio CD), Sony, 2005.

(19] R. Corliss, Unlocking the Matrix, Time, 12 May 2003, available at http://www.time.
com/time/magazine/article/0,9171,1004809,00.html.

[20] H. R. P. Ferguson, D. H. Bailey, S. Arno, Analysis of PSLQ, an integer relation finding
algorithm, Mathematics of Computation 68 (1999) 351-369, available at http://dx.
doi.org/10. 1090/80025-5718-99-00995-3.

[21] The Works of Archimedes, Great Books of the Western World, Edited by R. M.
Hutchins. Translated by T. L. Heath. Vol. 11, Encyclopedia Britannica, 1952. 447-451.

[22] S. Hilburn, Wife of Pi, cartoon, 8 Feb 2013, available at http://www.gocomics.com/
theargylesweater/2013/02/08.

[23] House Resolution 224 (111th): Supporting the designation of Pi Day, and for other
purposes, 9 Mar 2009, available at http://www.govtrack.us/congress/bills/iii/
hres224.

[24] G. Ifrah, The Universal History of Numbers: From Prehistory to the Invention of the
Computer. Translated by David Bellos, E. F. Harding, Sophie Wood and Tan Monk,
John Wiley and Sons, New York, 2000.

[25] E. Karrels, Computing digits of pi with CUDA, 14 Mar 2013, available at http: //wuw.
karrels.org/pi.

[26] G. Marsaglia, On the randomness of pi and other decimal expansions, 2005, available
at http://interstat.statjournals. net/YEAR/2005/articles/0510005.pdf.

[27] K. Plofker, Mathematics in India. Princeton University Press, Princeton, NJ, 2009.

(28] R. Stoneham, On absolute (j,&)-normality in the rational fractions with applications
to normal numbers, Acta Arithmetica 22 (1973) 277-286.

[29] W. Symborska, PI, Poems, New and Collected, 1957-1997. Houghton Mifflin Harcourt,
Boston, 2000.

Gria % HEE &)
- 235 -




