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Blocking Probability in an M/D/1/K Queue

Dong-Won Seo

ABSTRACT

In this study we consider an M/D/1 queue with a finite buffer. Due to the finiteness of the buffer capacity arriving
customers can not join the system and turn away without service when the buffer is full. Even though a
computational method for blocking probabilities in an M/D/1/K queue is already known, it is very complex to use.
The aim of this study is to propose a new way to compute blocking probability by using (max,+)-algebra. Our
approach provide a totally different and easier way to compute blocking probabilities and it is, moreover, immediately
applicable to more generous queueing systems.
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i) case 1: when A=1.0, p=Xo <1,

T 1. R3 wue}l AlgRse wE AustE

« K=1 K=2 K
- Exact Proposed Exact Proposed Exact Proposed
Solution Method Solution Method Solution Method
o=0.1 0.0909091 0.0909091 0.00481413 0.00481413 0.000182614 0.000182614
c=0.3 0.230769 0.230769 0.0392174 0.0392174 0.00560446 0.00560446
c=0.5 0.333333 0.333333 0.0962745 0.0962745 0.0272422 0.0272422
c=0.7 0.411765 0.411765 0.164289 0.164289 0.0723476 0.0723476
c=0.9 0.473684 0.473684 0.234637 0.234637 0.138442 0.138442
=2 % wuel ATREY G2 jueE
R K=5 K=7 K=10
o A Exact Proposed Exact Proposed Exact Proposed
Solution Method Solution Method Solution Method
c=0.1 1.58543e-007 1.58543e-007 1.13796e-010 1.13796¢-010 1.55431e-015* 2.498e-015*
=03 9.32441¢-005 9.32441¢-005 1.49765¢-006 1.49765¢-006 3.05862¢-009 3.05862¢-009
c=0.5 0.00217596 0.00217596 0.000175905 0.000175905 4.05716e-006 4.05716¢-006
o=0.7 0.0167069 0.0167069 0.00420517 0.00420517 0.000549591 0.000549591
0=0.9 0.0643619 0.0643619 0.0355461 0.0355461 0.0166317 0.0166317
* fEA 2 (significant digits)E Holus wig- 22 go= HEd e ek
ii) Case 2: when A=3.0, p=Xo <1l or p=Ao>1
£ 3. 9% wive} QTR BE Auets
K K=1 K=2 K=3
o Exact Proposed Exact Proposed Exact Proposed
Solution Method Solution Method Solution Method
c=0.1 0.230769 0.230769 0.0392174 0.0392174 0.00560446 0.00560446
c=0.3 0.473684 0.473684 0.234637 0.234637 0.138442 0.138442
0=0.5 0.6 0.6 0.419661 0.419661 0.365012 0.365012
0=0.7 0.677419 0.677419 0.550047 0.550047 0.528343 0.528343
=09 0.72973 0.72973 0.638625 0.638625 0.630385 0.630385
£ 4. 53 vHe}l ATRC g2 o
] =15 K=1 K=10
- A Exact Proposed Exact Proposed Exact Proposed
Solution Method Solution Method Solution Method
c=0.1 9.32441¢-005 9.32441¢-005 1.49765e-006 1.49765¢-006 3.05862¢-009 3.05862¢-009
=03 0.0643619 0.0643619 0.0355461 0.0355461 0.0166317 0.0166317
0=0.5 0.338449 0.338449 0.334213 0.334213 0.333397 0.333397
oc=0.7 0.523952 0.523952 0.523814 0.523814 0.52381 0.52381
0=0.9 0.629635 0.629635 0.62963 0.62963 0.62963 0.62963
@D si=2AIs 0|48k =2



M/D/1/K T [ZoIM el AEHEtE |

A AT A & 5 5ol AFZES 18T} e
290} Lk 2 (@A

[e]
ARBE Pyot AYRE p=p(1-Pp) S F3HE 71E
AFATNES $-g3lo] T = Y& Aok,

7RI fret i Tl k= i |RE el MID/UK
oA Ahgehge] dig AAAE Fe=

e oA 9
B, o3 AUSES 7] I BAYES ol B
Al Bigo] thre] me Ty Wk ANkl o
71 ol 567 4 gkt BES 7T gk
QAo oleat B FEah] S g O X

e S EERE
£ AT AN (max.+)-
7% Ao} o) Aasge

o
__>‘~I_1
>
o
2
O,
=
T e
_OE
=3

4 2 32 aH rlo

&
Y
o
i
iy
rlo
>
[>
ot
Mo
of
A
n
N
1o
s
T
2
S~
%
fll

i rlo
o
&
>
¥
il
L
Q
ne
rlr
U
&
il
oft

J= =7
1Hh 2 98] mejghg Fhofl tieh on] 9= iAol
Bastel, FR7} 2 7] Yol et 24 A

M S ¥ (dwseo@khu.ac kr)

1991 Agaysha Alasta stk

1996 Aluiiota oobed AklEslat A4t
2002 Georgia Institute of Technology, 2}
2003~ &R At FAF G FAFYeRE 2

€ eigkE 9 AR Ake S1% Hok ZiddE A
A | o] rgagEjojof o Fofrk

Hm2d

1. 0]Z9 (2006), 71L& FEYEH B4, (PHAIL
npze s, 3¢

2. Ayhan, H. and D-W. Seo (2001), “Laplace Transform and
Moments of Waiting Times in Poisson Driven (Max,+)-
Linear Systems” QUESTA, Vol. 37, No. 4, pp. 405-438.

3. Ayhan, H. and D-W. Seo (2002), “Tail Probability of
Transient and Stationary Waiting Times in (Max,+)-Linear
Systems”, IEEE Transactions on Automatic Control, Vol.
47, No. 1, pp. 151-157.

4. Baccelli, F., G. Cohen, G. J. Olsder, and J-P. Quadrat
(1992), Synchronization and Linearity: An Algebra for
Discrete Event Systems, John Wiley and Sons.

S. Baccelli, F., S. Hasenfuss, and V. Schmidt (1998), “Ex-
pansions for Steady State Characteristics in (Max,+) Linear
Systems”, Stochastic Models, Vol. 14, pp. 1-24.

6. Baccelli, F. and V. Schmidt (1996), “Taylor Series Expan-
sions for Poisson Driven (Max,+) Linear Systems”, Annals
of Applied Probability, Vol. 6, No. 1, pp. 138-185.

7. Seo, D.-W. (2005), “Application of (Max,+)-algebra to
the Waiting Times in Deterministic 2-node Tandem
Queues with Blocking”, J. KORMS Society, Vol. 30, No.
1, pp. 149-159.

8. Takagi H. (1993), Queueing Analysis: Vol. 1I: Finite Sys-
tems, North-Holland, Amsterdam.

AT A

T Eok . SETNAE, Series Expansion, (Max,+)-algebra, Al&do]A

HMi72 ™45 20084 12¥




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


