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Computational Studies of Combinatorial Structures in Various
Applied Disciplines, Part II
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Abstract

During the period of study under the
sponsorship of the NSC. we followed
the tracks of the previous year, mak-
ing further computational investigations
into some applied problems, notably al-
gorithms, statistics and chemical math-
ematics. We found some practical im-
provements on some frequently used sort-
ing methods, and analyzed the asymp-
totic behavior of expected costs using
some improvements from complex anal-
ysis. Some of these may be expected to
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improve real-life results in computing. VWe
also did some extension of combinatorial
Lattice Path Counting arguments (pur-
sued several vears previously in a series
of colloquia) as used in non-parametric
statistics. We sketch our results, in prepa-
ration for journal submission, as below.

Keywords: Algorithms, Chemical
Mathematics, Combinatorial Structures,
(Generating Functions, Statistics

2 XdmBY

AEHA R EESA S T, A
1% # 2 BERMNF

FEBRCOCEIRFEEAHERAD
HMEH, LR THEFRERERY
EPpMAERER c BEMYFEIHET
KEHOBEE, FIWASEANETHN
ETHFHGHR TG o

FAoF o a s EREAHTS
MBEEFAHET, RAALCEA
—EEREARAETM BB RO
#de | A3 B A4 % (Enumerative
Combinatorics ) ¥ #H. &5 A T X 44
BHES, Bl gbibi ik, L F g
FT-RES-BFRAFHEOLALRS2H
BR e

FEEHRGEXARAZT, ABMT
M REEHEER P E AT, #



o #5 ¥ (asymptotic) 215 # (proba-
bilistic) K ey —FEF c S HEF
ST EREBGETT
BATHSE (RTH®, FEXSEY
AR ERES), R RFRAZ —A:
X FEAGH B SPAERAMAG LS
BERE, A EX 5 BT HELAH
+ 4 # %, T #8540 Lagrange In-
version, #& Wilf-Zeilberger Summa-
tion Method #3#75, £ FEAEKE
AFeh, ERAEFBLELABTH LR
FEHAXEAN, REFTRERR
K, LEAERARET ARSI RAELRZ
oo

4R, K700 BARA R AMESEA P
WRAgFA, SRR E S R IIT RIR
HEmMSHHT o &% HIMELET—
2 B 21 A ey BT R 0 124 R F IR S KA
3, 1] 64 Bt A o

3 &X

EEMEROARMNGAEREY, 2 BEK
R R AR 1T 65 T AR

3.1 3EMAELRRH
£ 3

FHH T A @ e — e R
FeAEREIRFE - BZHRH
A —{EudEDFTEEER
BEMEE ko

B FEERIBRM L o RPITFILT —
do o K #5 T AL 3 e TR 2 BT Y T4 SRR
HEGH ey o HEF 0 —F#8 5% B %, Hoare K
o) Quicksort— 438 & A& A IR
B Kev Value, A Z o F e 7] 43| & %
Key & eyl fZ, 4912 X B/ 4 A
ZRRIFAXRIFARG R K AEL
A &1 42 K, (system library subroutine) #%
— 854 o (2,2 Quicksort & 1B F QARH
doskeg e H EAEAHEEZ, B, HA S
B B ARBRTAR L o 184 g 45 F K,

M)

12 3k 38 76 £ % o) Ay & Ak X B ] R 1E AR
iEEAAZE o # Quicksort  D. Knuth
M R. Sedgwick #L R AL R B AT 545
aEE Gk — BT T EEE S

A 49 A Quicksort 4% 3k
RFE LM ER. .., #
B R F AT EAF K I A
LA — B F A F A A
#ElRAmE, EMEcET
F[ 4R BA R AT Ay A 59, Bk
A TEE e

R K63 X ([22]) oy
B m B AT o F H, BIRH
T 8% &, Tukey a9 iR A+ 8
(Ninther) ##0i%, fo Lt A 2B A E (T-
Samplesort), # ML% A &5 &4 Quicksort
BRI EA R A T4 AT

Qin) = 2nlun—2.84n (1)
Z3{n) = 1.72nlnn —224n (2)
7s(n) = l64nlnn—903n (3}
Gop(n) =~ 1.57nlnn—644n (4)

= A H e &R, B T-samplesort &
#ORe £ 500 1B $IE o B3k 4 8 F,
Ninther 8] % #] 30000 & $4F £ & ik
A B e

BETHEHEERENAIEL £Med
Richard Stallman #] 3%, -+ F 4 R 3 32
BAEARA RGN M6 GNU C Library
(glibe2 B H 5 — e, R34 F 4 F
Unix £ 4 F) ¥ 8508 5 69 38 45 o sl 45
BRI #5111 iy Ninther #2 7-samplesort
FRGFFAFTATOHRR  Eo9M A
BE F - dy#b page fault {Bp gy #hcache &
A FRIER ARSI A AT RRAME) B
BB BIE o R eh s  2 T-samplesort
# Ninther (S #7145 M T Jon Bent-
ley # [5] ¥ ey EAE L), 4788 T ¢
m—EHEEERNGESER T, ZMH A
Ninther ] 4 208 glibc2 + &% — A% B A
A2 3 qsort() mAEIFAFAIT s B o 12
A HE glibe2 F4oma B Ehike



P K BB 5 I ey Mergesort 895
3 d AR 6 Intel CPU £, €
# 2 Memory bandwidth bound (&L ]&
B 72 TR ah ik TR H), 3R LM in-place
sorting & Intel x86 £ #| B A X &R o

AP T4 £% 1 99 — 3 2. (patch file)
i# # GNU C Library # glibe project
maintainer, g F>{E P £ HALAE > &
M 15 ph 3k F5% K 0 5 E & GNU Project
AR — R EERTEL AN
35 2 F) A8 glibe ¥ o

] B, 4% 471 % ) 4849 Find Algorithm
E R A B BE A B AR E » A
HMRESHRFABE—nBEET X
—{EiE A E o 42N, FRATE
b ST ke 7 K89 5% #hdR FaF R o

3.2 HibwdR

IE 8 F ARG AR, TR ENTAE
e T —db3p iR M e A K, T A3
Ha xS A E ARG —MABFEN
1% 48 &1 B = Wiener Polynomial (Fp B #
W TE Bk M 9B B 69 A R & ), 48R W B e
X (# (28] e#kdE%); ¥ partition fe
composition 588 65 #7 LM W K IO E R
HAE T — RSt o

B &P A a4 5 F éLattice
Path Counting &4 — % 7 ik 3wt F
% 4 B #4 non-parametric hypothesis test-
ing, #REAEEF o

4 HBREARAR

£ & Fho L H:

PG EAFEO - AL £
FRGITEBALHARE  EAAS
Logmbd ERIIAWENT - F
FHEGHRBERBERASFR LA NE
# (prescription) ... £FMHEFHA
HARET AN LR MG ERE
A ARG A Mo

HAn4a1E E P B, & HKE AN
Fe e R — A, CHEEE

A F AR AR K o BRI
B A% & fh A ok — L F SR AR A A
HEHER -

5 4F Rk
References

[1] G. E. Andrews, The theory of parti-
tions, Encyclopedia of Mathematics and
Its Applications, Volume 2, Edited by
Gian-Carlo Rota, Addison-Wesley Pub-
lishing Company, 1976.

2] E. A. Bender (1973). Central and lo-
cal limit theorems applied to asymptotic
enumeration. Journal of Combinatorial
Theory, Series A 15 91-111.

[3] E. A. Bender and L. B. Richmond
(1983). Ceniral and local limit theo-
rems applied to asymptotic enumera-
tion. II. Multivariate generating func-
tions. Journal of Combinatorial Theory,
Series A 34 255265,

4] E. A. Bender, L. B. Richmond and
5. G. Williamson (1983). Central and
local limit theorems applied to asymp-
totic enumeration. III. Matrix recur-
sions. Journael of Combinatoriel Theory,
Series A 35 263-278.

[5] J. Bentley, Programming Pearls, 2nd ed.
Addison-Wesley, 1999

‘6! P. Erdés and M. Szalay, On the sta-
tistical theory of pariitions, Colloguina
Mathematica Societatis Janos DBolyai,
34, Topics in classical number theory,
Budapest, 397-450, 1981.

[7] P. Flajolet and A. M. Odlyzko, Singu-
larity analysis of generating functions,
SIAM Journol on Discrete Mathemaot-
tes, 3. 216-240 {1990).



[8]

[10]

1]

12]

3]

[14]

[18]

P. Flajolet and M. Soria, Gaussian
limiting distributions for the number
of components in combinatorial strue-
tures, Journel of Combinatoriel Theory,
Series A, 53, 165182 {1990).

Foata, D. (1974). La série génératrice
exponentielle  dans les  probiémes
d’énumeération. L.es  Presses de
1'Université de Montréal, Montréal.

B. FPristedt, The structure of random
partitions of large integers, Transac-
tions of the American Mathematical So-
ciety, 337 (1993), T03-735.

W. M. Y. Goh and E. Schmutz, The
number of distinct part sizes in a ran-
dom integer partitions, Journal of Com-
binatoriol Theory, series A, 69 (1995),
149-138.

I. P. Goulden and D. M. Jackson, Comn-
binatorial enumeration, John Wiley &
Sons, New York, 1983.

D. H. Green and D. E. Knuth, Mathe-
maties for the Analysys of Algorithms

J. C. Hansen, Order statistics for
decomposable combinatorial structures,
Random Structures and Algorithms, 5,
517-533 {1994).

C. B. Haselgrove and H. N. V. Temper-
ley, Asymptotic formulae in the theory
of partitions, Proceedings of the Cam-
bridge Philosophical Society, 50 (1954},
225h-241.

F. Heurici, Applied and computelional
compler analysis, three volumes, John
Wiley & Sons, New York, 1977.

J. Herzog, Weak asymptotic formulas
for partitions free of small summands,
II, Acta Mathematica Hungarice, 62
(1993), 173-188,

H.-K. Hwang, Distributions of integer
partitions with large number of sum-
mands, Acta Arithmetica, accepted for
publication.

[19]

21]

22)

[23]

H.-K. Hwang, A Poisson * geometric law
for the number of componenis in unla-
belled combinatorial structures, Com-
binatorics, Probobility and Computing,
accepted for publication.

H.-K. Hwang, Théorémes limites pour
les structures combinatoires et les fone-
tions arithméfigues, Thése, Ecole poly-
technique, 1994.

H.-K. Hwang and Y.-N. Yeh, Measures
of distinctness for integer partitions and
compositions, preprint, 1996.

H.-K. Hwang, B.-¥. Yang and Y.-
N. Yeh, Presorting algorithms: an
average-case point of view, Theorecti-
cal Computer Science, (accepted, to ap-
pear).

D. E. Knuth, The art of computer pro-
gramming, volume [f, seminumerical af-
gorithms, Second edition, Addison Wes-
ley, Reading, MA. 1981.

R. P. Stanley, FEnumerative combi-
notorics, Monterey, CA, Wadsworth,
1986.

G. Szekeres, Asymptotic distributions
of the mumber and size of parts in un-
equal partitions, Bulletin of the Aus-
tralian Mathematical Society, 36 {1987),
89-97.

R. Wong, Asymptotic approzimations of
integrals, Academic Press, [nc., Boston,
1989.

7 B-Y., Yang, and Y. Yeh, Zigging and

Zagging in Pentachoins, Advances in
Applied Mathematics 16(1995) 72-94.

B.-Y. Yang, and Y. Yeh, About Wiener
Numbers and Polynomiols, to appear in
Proc. of second Tainan-Moscow Algebro
Warkshop, Fong et al, cds., to be pub-
lished by Springer-Verlag.



