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Abstract. In a previous article [2], we found the number of ways to run up
a staircase with n steps, where there was no restriction on the size s of each step
taken, other than 1 < s < n (n > 1). In this paper, we first answer questions
posed in [2], where there are some restrictions on s, and then we pose some further
questions for the reader.

1. Introduction. As is evident from our discussion in [2], the climbing
stairs problem is a partition problem. To compute p(n), the partition of a positive
integer n, we used a generating function. However, we must remember that L. Euler
obtained a recursive relation for p(n) in 1748 [1]. Nonetheless, the most fascinating
theorem in the theory of partition is a theorem for the exact value of p(n) by G.
E. Hardy, S. Ramanujan, and H. Rademacher [1]. This theorem gives the exact
value of p(n). But to use this theorem and actually compute p(n), we would be
dealing with an infinite series that involves square roots, complex roots of unity,
derivatives of hyperbolic functions, and 7. This is more of a theoretical theorem
than an algorithm suitable for calculating p(n), for the kinds of simple problems
that we are dealing with in this article.

In [2], we found the number of ways to run up a staircase with n steps (n > 1)
in steps of possibly different sizes. We summarize the results of [2] in the following
theorem.

Theorem 1.1. [2]. The number of different ways to run up a staircase with
n steps, taking steps of possibly different sizes, where the order is not important
and there is no restriction on the number or the size of each step taken is p(n), the
coefficient of 2™ in the expansion of its corresponding generating function
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Under the same conditions and when the order is important the answer is 277!,
the coefficient of ™ in the expansion of its corresponding generating function




We observe that in the above theorem there is no restriction on the size s of
each step taken, other than 1 < s < n. The objective of this article is twofold. We
answer questions posed in [2], where there are some restrictions on s, and then we
pose some further questions for the reader. The calculations here are simple and are
similar to those in [2], and are left to the reader. However, to calculate the number of
linear permutations of n, when some summands are repeated nq,no,... ,ng times,
we use the well-known formula
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Also, we note that throughout this article we will be dealing with ordinary gener-
ating functions only.

2. Answers to Questions Posed in [2].

Question 1. How many different ways are there to run up a staircase with n
steps, taking steps of even sizes only?

In order to run up a staircase taking steps of even sizes, n itself must be even.
When the order in which each step taken is important, then the total number of
ways to run up a staircase for n = 2,4,6,...,16 are 1,2,4,8,16, 32,64, and 128,
respectively. Hence, in general, the total number of possible ways to run up a
staircase with n = 2k steps, taking steps of even sizes, where the order is important
is the number of compositions of n = 2k into even summands, which is equal to the
number of compositions of kK = n/2 into all summands (even and odd summands).
When the order in which each step is taken is not important, for n =2,4,... 18,
we get 1,2,3,5,7,15,22, and 30 as the total number of ways to run up a staircase,
respectively. Hence, we have the following theorem.

Theorem 2.1. The number of different ways to run up a staircase with n = 2k
steps, taking steps of even sizes, where the order in which each step is taken is
important and there is no restriction on the number or the size of each step taken
is 2F~1 the coefficient of z* in the expansion of its generating function




Under the same conditions and when the order is not important the answer is p(n),
the coefficient of ™ in the expansion of its corresponding generating function
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Question 2. How many different ways are there to run up a staircase with n
steps, taking steps of odd sizes only?

If the order in which each step taken is relevant, then for n = 1 — 14, we get
1,1,2,3,5,8,13,21,34,55,89, 144,233, and 377 as the total number of ways to run
up a staircase, respectively. These numbers suggest that the number of differ-
ent ways to run up a staircase in this case is F;,, a Fibonacci number. This is
what was expected [6]. If the order is not relevant, then for n = 1 — 14, we get
1,1,2,2,3,4,5,6,8,10,12,15,18, and 22, respectively. So, this case is nothing but
the partition of the integer n into odd summands. Therefore, we have established
the following theorem.

Theorem 2.2. The number of different ways to run up a staircase with n
steps, taking steps of odd sizes, where the order is relevant and there is no other
restriction on the number or the size of each step taken is F,, the coefficient of x™
in the expansion of its corresponding generating function

9(@) = T——— ZFfC

Under the same conditions and when the order is not relevant the answer is p(n),
the coefficient of ™ in the expansion of its corresponding generating function
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Question 4. How many different ways are possible to run up a staircase with
n steps, taking steps of distinct sizes only?

When the order in which each step is taken matters, we obtain
1,1,3,3,5,11,13,19,27,57,65,101, 133, and 193, for n = 1 — 14, respectively. As
expected, these numbers are compositions of the integer n into distinct summands.
When the order in which each step is taken does not matter, then forn = 1—14, we
get 1,1,2,2,3,4,5,6,8,10,12,15,17, and 20, respectively. These numbers indicate
that the number of different ways to run up a staircase with n steps, taking steps
of distinct sizes, where the order does not matter, is the number of partitions of
the integer n into distinct summands. Consequently, we can state the following
theorem.

Theorem 2.3. The number of different ways to run up a staircase with n
steps, taking steps of distinct sizes, where the order matters and there is no other
restriction on the number or the size of each step taken, is the composition of n into
distinct parts, which is the coefficient of ™ in the expansion of its corresponding
generating function
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Under the same conditions and when the order does not matter the answer is p(n),
the coeflicient of 2™ in the expansion of its corresponding generating function
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Answers to Other Questions. Questions 3,5,6, and 7 follow from the above
theorems and are left to the reader.

3. More Questions. To study this topic further we pose the following
questions for the reader.

Question 1. How many different ways are there to run up a staircase taking steps
of distinct and even (odd) sizes only?

Question 2. How many different ways are there to run up a staircase taking at most
k steps of size k, (1 < k <n)?



Question 3. How many different ways are there to run up a staircase, where the
size of each step is greater than one?

Question 4. How many different ways are there to run up a staircase taking only
steps of size one or two (or both)?

Question 5. How many different ways are there to run up a staircase, where each
step must be taken an even (odd) number of times?

Question 6. How many different ways are there to run up a staircase, where each
step is taken at most twice?

Question 7. How many different ways are there to run up a staircase, if only steps
of size k, (for a fixed k) are allowed (1<k<n)?

Question 8. How many different ways are there to run up a staircase, where the
size of each step taken is a prime number? Also, consider the case where the size
of each step taken is a distinct prime number.

Question 9. How many different ways are there to run up a staircase, where the
size of each step taken is a Fibonacci number? What if the size of each step taken
is a distinct Fibonacci number?

Question 10. How many different ways are there to run up a staircase taking steps
of size s, where 1 <a<s<b<n, 1<a<s<b<n,1<a<s<b<mn,or
1 <a < s <b<n, for some arbitrary positive integers a and b.

It is clear that there are all sorts of questions that one could ask, so one can
pose one’s own favorite questions.
References

1. G. E. Andrews, Encyclopedia of Mathematics and its Applications, Vol. 2: The
Theory of Partitions, Addison-Wesley, New York, NY, 1976.

2. M. K. Azarian, “A Generalization of the Climbing Stairs Problem,” Mathe-
matics and Computer Education Journal, 31 (1997), 24-28.

3. M. K. Azarian, “The Generating Function for the Fibonacci Sequence,” Mis-
sourt Journal of Mathematical Sciences, 2 (1990), 78-79.

4. C. G. Bower, “Sequence A032020,” in N. J. S. Sloane, Sloane’s On-
Line Encylocpedia of Integer Sequences, http://www.research.att.com/~njas
/sequences/index.html.



5. R. P. Grimaldi, Discrete and Combinatorial Mathematics: An Applied Intro-
duction, 3rd ed., Addison-Wesley, New York, NY, 1994.

6. K. H. Rosen, ed., Handbook of Discrete and Combinatorial Mathematics, CRC
Press, Boca Raton, FL, 2000.

7. N. J. S. Sloane, Sloane’s On-Line FEncyclopedia of Integer Sequences,
http://www.research.att.com/~njas/sequences/index.html.

Mohammad K. Azarian
Department of Mathematics
1800 Lincoln Avenue
University of Evansville
Evansville, IN 47722

email: azarian@evansville.edu




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


