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Figurel  NE customers.
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Figure2  NW customers.
P{ Abandon | Wait>0 } vs. E [ Wait | Wait-0 ]
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ASA |Avg Aban Time|ACD Calls| Aban Calls | Avail Time| Staffed Time | Avg ACW time
Totals | 29.99 126.24 6719 929 63:27:00 | 1088:50:00 68.17
8:00 |475.00 0.00 1 0 5:25:00 13:32:00 51.49
8:30 | 8.73 15.55 113 11 3:06:00 23:48:00 55.72
9:00 | 4.86 0.00 239 0 7:39:00 41:51:00 56.11
9:30 | 17.08 16.46 391 39 1:05:00 44:48:00 68.89
10:00 | 25.03 10.71 432 28 1:21:00 53:06:00 71.54
10:30 | 1.16 0.00 392 0 5:12:00 54:34:00 58.49
11:00 | 0.15 4.50 357 2 6:48:00 53:56:00 63.82
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12:00 | 5.59 13.17 334 12 3:00:00 58:29:00 70.38
12:30 | 11.90 9.84 337 19 1:05:00 58:47:00 61.8
13:00 | 7.40 9.40 298 15 1:57:00 33:35:00 74.26
13:30 | 11.43 13.09 289 23 1:27:00 33:15:00 63.1
14:00 | 6.35 15.09 323 22 1:27:00 55:13:00 70.76
14:30 | 6.40 13.10 345 21 1:51:00 57:48:00 63.56
15:00 | 22.76 18.05 432 22 1:28:00 58:17:00 58.89
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18:00 | 584.69 737.27 13 49 0:00:00 26:08:00 157.15
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Example: 1/p = 2 minutes, 1/8 = 3 minutes;
A varies from 40 to 230 calls per hour, in steps of 10;

n varies from 2 to 12.
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(N=n—)R, y=1/6 :wrxn Y071 n'wnnwn WwKd i) (Efficiency-Driven) ni7y

E[S]=6 min, E[7]=9 min

A/hr | n | Occupancy | P{Ab} | E[W,] | P{W, > 0}
12 1 73.4% 38.8% | 3:29 73.4%
48 1 89.8% 252% | 2:16 75.6%
192 | 16 97.5% 18.7% | 1:41 85.4%

768 | 64 99.8% 16.8% | 1:31 97.2%

3,072 1256 | 100.0% 16.7% | 1:30 100.0%

! l ! l I l
00 | 00 100% |16.7% | 1:30 100%
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Rb (I) 1 .T|2 R 'T;ri['; 9 1 1 B 1 .
= . — -+ —- E{1")", by SLLN
T 2 T (T) < BTV 2 (Z7)7: by
= “E(Th [L1 AT, == coellicient of variation.

e e
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Application of PASTA: Biased Sampling
A renewal process is a counsing process with iid interarrivals.

Descriptions: R ={R(t), t =0} or {17,1s,...}iid, or {51, 59,...}
Lxample: Poisson exponential LErlang

Story: Buses arrive to a bus stop according to a renewal process 18y = {(¢),¢ > 0}.
T? — times between arrivals of the buses.
Passenpers arrive to the bus stop in a completely random [ashion (Poisson).
S¥ — arrival times ol the passengers.

Question: Tlow long, on average, do they wait? Plan service-level.

Lyt
oy
ey 8
=%
=

A={A(f), £ > 0} = Poisson arrivals of passengers.

N =A{X(1), t > 0} = state = Virtual wasting time.

, 1 /7 1 &
PASTA: lim - /0 X(t)dt = lim E’l X&) =71
1
ST = 5 (arca nnder X, over [0, T])
1 by 2 1 b 2
s 3o (G + 5+ 5 (T )?)
Ry(T) 1 Tf+~ + T3,y 11 _
= - — . E(TP)*, by SLLN
T 2 T (T) =y 2 )by 8
1 ) _
= EE (TH [14+(TH],  e= % cocllicient, of variation,
—— I

y AT Bias, due to variability
Deterministic” answer P .

Check Poisson bus arrivals to derive Paradox:
1(“stochastic” answer) = ¢ (“deterministic” answer).

18



9¥910 VYNIN 19D VI TYY 1D PXaDN ND DDVNYN 990N DNIMIND TAND (MNP 15) 3.2
Y8199 : PNDTI NITHIN NT MPYA NPYN NN 0N TN TUN DTN DIDYNL HY1ID NN NPV
2LHNNY DINYNIY DIYDI NAY MPT S 99N YD YW hamn

120 1D NPMIND MPYD DWONN DY ¥YNNN AXP .DYORN NX INIYOY NPNIND 190N NXR POND v
NPDY 2T 9IDI) MPWN 1T YXINND NN D¥IIYWN NOIYNN MNONN ,NDMNN .(NORID YO M) NYWD
TY DNN) DOYOLN KD DOYON 5 INNN .AYDI MPT 20-2 (XAN YPIDINRD NN 1MNNN NRYD NMND

NP YI0 TN YO NNPD N THNN I 25) NININ THINNN NYIND

N99YNN M NN MV OHNDIINN NPNIN 190N NN (M9 3) .3.2.1

: NAVYN
: NI MDD HONIN MYV PRY NPON
N>R
u 3

N NYPNN 40 -2 TNN WY ,9mYD

120 28p DY PORIID NI OYONN DV yamn a8p , 905 .Erlang-C »2)p91nn 5711n2 noynn nx 510)
— V1P WD NPIND 90D ,MPT 20 DY MPY JWUN NONIN DY TN IDANND MY Tun ,Nyvd
LN-28) DTN N YD 25 W .N-2 NND)

Y281 5535 92YNN AP DX AN DT DTN DY 1aYNN AP NNVNOT IR VOV (MNP 3) .3.2.2
N0WNN

: NAVN

:EC 5w npanoT

}\. — )\. __ }L }\.
0 /._l\l 2) see \11—1H\ n_) :11+1: ( n+2' °°
2“ np npt np

wpo= (jAnu, j = L.

19




AN 2NN MRNYN NN 2IND (MNP 3) .3.2.3

: NAVN

Steady-state distribution:
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where R = A/pu is the offered load.
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Kingman’s Exponential Law:

s MNNINA TODIY G/G/N

1 1

qu C‘.Xp (m@an — ; . 1_}_} . 9
0

E(S) ™

5]

C2(A)+C%(S) ]
] ) bl "]”'p E'Z.‘H'.'

, otherwise.

In particular, a popular measure for service-level, used to determine

the number-of-servers n, is:

P{W,> z-E(S)} ~ Ey, - exp (—I

Heavy-Traffic Approximation:

2n(1 — p)

C2(A) + O¥(S)

),$>0.

7\ ~~ I C 1 Eﬁ.n CE(A) + CQ(S}
E(W,) = E(S) — —; 5 _
or equivalently,

C?*(A) + C*(S)

E(W,) =~ E(W, x/a/m)
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