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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
11:30 | 0.00 0.00 350 0 9:12:00 60:02:00 76.06
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
15:30 | 2.41 457 574 7 2:35:00 57:55:00 48.89
16:00 | 1.08 5.00 533 1 4:38:00 58:06:00 48.57
16:30 | 50.28 36.57 406 121 1:00:00 59:17:00 74.7
17:00 | 163.99 50.97 431 317 0:00:00 53:53:00 54.6
17:30 | 426.70 214.25 128 216 0:00:00 31:37:00 80.27
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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[11ONn *721y9Nn DINN2 ND>NA 7Iman oy Erlang-A 7Tm 7w yixaa w1 n»sny nnaiT yond

(n=n—R, ¥=1/6 :wrxn 7701 n'wnnwn Wwxd , i) (Efficiency-Driven) nity:

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%
43 1 89.8% 25.2% | 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%

1 } 1 1 1 l
00 | 00 100% |16.7% | 1:30 100%
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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).
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P2 vHNWI M/G/N DN 571 : NIIWNN DY INY 2553 5TIND NIAYD LIMN DIRYNHN MIAPYI
Ny 10w G/G/N

Kingman’s Exponential Law:

) 11 C2(A)+C%(5) .
exp (mean = - : 3 ] 5 wp Ea

n l—p

W,
E(S) ~ .
' 0 , otherwise.

In particular, a popular measure for service-level, used to determine
the number-of-servers n, is:

2n(1 — p)
C?(A) + C?%(S)

P{Ii’:}, > - E(S)} ~ EQ,H - eXP (_I ) ) , > 0.

Heavy-Traffic Approximation:

1 Ey, CYA)+C*S

or equivalently,

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

My ymn ) Erlang-C 57 > Dy yapiw 295 IRWI NPNIND 190N D 1N (MNP 3) .3.3.2
SP?YTN 2WON 1IN 1PPN Y9 DY YON DY MNNNN
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