Lesson #10: Elementary
Queueing Theory

m Definitions of Queueing Systems
m Queueing System Simulation

m Birth-Death Queueing Theory (Elementary Queueing Theory)

An "In-progress" demonstration of queue and workload

m A function for simulating single server queues based on a marked point process input
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n[1:= queuedunp = 2;
si minpp_List]:=NMdule[{},
wor kl oadProcess = {{0.0, 0.0}};
departureTines = {};
wor kl oad = 0. 0; previ ousWrkl oad = 0. 0;
tinme =0.0;
nmppl ndex = 1;
| astDepartureTime =Infinity,;
(xLoop to create workload and departure tiness)
Wi | e [mppl ndex < Length[mpp] || O < workl oad,
arrival Time = f [ mppl ndex < Length[npp]l, npp[[nppl ndex]1[[1]1], Infinity];
I f [| ast DepartureTime <arrival Ti ne,
tine = Last [departureTi nes];
wor kl oad = 0. O;
AppendTo [wor kl oadProcess, {tinme, workload}];
| astDepartureTime =Infinity;
, (*El sex)
wor kl oad = Max [wor kl oad - (arrival Tinme -tine), 0];
time =arrival Tine;
AppendTo [wor k|l oadProcess, {tinme, workload}];
wor kl oad += npp [ [nppl ndex1]1[[2]11];
AppendTo [wor kl oadProcess, {tinme, workload}];
AppendTo [departureTi mes, | astDepartureTine =tinme +workload];
++nppl ndex;
1
1
(xCenerate buffer process fromarrival and departure tinmesx)
buf f er Changes = Sort [Joi n[Map[{#[[1]], queuedunp} & nppl,
Map [ {#, -queuedunp} & departureTinmes]], #1[[1]] <#2[[1]] &];
buf f er Process = Fol dLi st [
{#2[[11], #1[[2]1] +#2[[2]]} &
, {0.0, 0}, bufferChanges];
| ast Val = Last [bufferProcess];
buf f er Process = Transpose [{Drop[bufferProcess, -1], Rest [bufferProcess]}];
bufferProcess =Flatten[Map[{#[[1]1], {&#[[2, 111, #[[1, 2]1}} & bufferProcess], 11;
AppendTo [buf f er Process, | astVal 1;
(»return realizationsx)
Ret ur n [ {wor k|l oadPr ocess, departureTimes, bufferProcess}];
1
mppCF f set = 30;
bufferOf fset = -30;
ti meHori zon = 70;
paddRatio = 1. 3;
maxServi ce = 10;
yaxi sLengt h = 15;
Mar kedPoi nt [{t _, s_}]:=Line[{{t, nppOifset}, {t, Max[nppOfset +s, mppOffset]1}}1;
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The demonstration

in[1ol:= Mani pul ate[
pts = Map[{&#[[1]], Max[#[[2]] - mppOffset, 0] + nppOfifset} & pts];
npp =
Sort [Sel ect [Map[{#[[1]], #[[2]] -nmppOFfset } & pts], #[[2]]1 >0&], #1[[1]1] <#2[[1]1] &];
si nut = si m[npp];
Graphi cs[Join|
{Bl ack, Dashing[{}], Thickness - 0. 005,
Transl ate[Line[sinOut [[3]1] 1, {0, bufferOfset}]},
{Wite, Rectangle[{0, 0}, {3 =xtineHorizon, 5=xyaxisLength}],
Bl ack, Dashing[{}], Thi ckness -» 0.005, Line[sinOut [[1]1]1]},
{Whi te, Rectangl e[{0, nppOffset}, {3=xtimeHorizon, mppOffset +5*yaxi sLengthyl,
Bl ack, Dashing[{}], Thickness -» 0.005}, Map[MarkedPoint, npp]l,
{Text ["Arrival \nTine", {tinmeHorizon, nppOfset -3}1,
Text ["Time", {timeHorizon, 0-2}1,
Text ["Time", {tinmeHorizon, bufferCffset -2}],
Text [" Servi ce\nRequi rnent", {6, mppOffset +yaxisLength=0.7}],
Text ["Workl oad", {6, O +yaxisLength=x0.7}],
Text ["Jobs in\nBuffer", {6, bufferOfset +yaxisLength0.7}1},
{Arrow[{{0, 0}, {0, yaxisLength}}1,
Arrow[{{0, nppOffset}, {0, nppOffset +yaxislLength}}l,
Arrow[{{0, bufferOffset}, {0, bufferOfset +yaxisLength}}],
Arrow[{{0, nppOffset}, {timeHorizon, nmppOfset}}],
Arrow[{{0, bufferOffset}, {tineHorizon, bufferCffset}}],
Arrow[{{0O, 0}, {tinmeHorizon, 0}}]},
{Dashing [{Tiny}1},
I f [arrival LinesQ, Join[
{Bl ue},
Map[Line[{{#[[1]1], mppOFfset}, {#[[1]], bufferOCifset }}] & nppl,
{Poi nt Si ze - Medi um Poi nt [Map[{#[[1]]1, O} & nppl1}1, {}1,
| f [departureLinesQ Join[
{Red},
Map[Li ne[{{#, 0}, {#, bufferOfset}}] & simout[[2]]],
{Poi nt Si ze - Medi um Poi nt [Map[{#, 0} & sinOut [[2]11]11}1, {}]

1,
Pl ot Range » {{-1, tineHorizon 1. 07}, {bufferOfset xpaddRati o, nppO fset +yaxi sLength}},

Axes - Fal se, AxesOrigin- {0, 0}],
{{arrival LinesQ, False, Style["Arrivals", Bluel}, {True, Fal se}},
{{departureLinesQ False, Style["Departures", Red]}, {True, Fal se}},
{{pts, {{3, 3+nppOfifset}, {5 4+nmppCfset}, {9, 1+nppCffset},

{15, 4 + mppOifset}, {17, 3+ nmppCifset}, {28, 3 +nmppCffset },

{37, 7 +mppOifset}, {40, 3+mppCifset }}}, Locator, Locator Aut oCreate - True,
SaveDefinitions » True}]
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