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SEESTAT - 991N 9911

.(1 NY2V) 2001 >NNY 25-N OPNORPMINN P11 Yw call by call data ny1H PN NN PNd
NN L,NIIWNIN NMIAVEND M TP NIV MYIN 1IN NOYIDN NIV NINXD 90N
NDY DYONMNNY MNYTN .06: 00-23: 00 JN 1T DY TPIN MDY MYV (2 NYAV) NMPYN)
"Summit" nyw

VITNY 199INY 275 ,NNAN HY DININNRA DITINYN YA 0) D998 MNITH ,09MPNNY
SINAN MORYN DY Naynb 0HA YN DN DI1INY

1 nYav

call_id q _start | q exit |ser start] ser exit | outcome | wait time | service time Agent
510013309] 06:23:00 | 06:23.07 | 06:23:08 | 06:25:01 | Agent i 113 23015
510013355 06:23:19 | 06:24:30] 06:24:31 | 06:24:51 | Agent 71 20 23007
510013559 06:24:52 | 06:24:52 ] 06:24:52 | 06:26:57 | Agent 0 125 23007
510013814 06:26:32 | 06:26:33 ]| 06:26:33 | 06:27:27 | Agent 1 54 23015
510013830] 06:26:36 | 06:26:38 ] 00:00:00 | 00:00:00 | Abandon 2 0 0
510013871 06:26:47 | 06:26:57 | 06:26:58 | 06:28:45| Agent 10 107 23007
510014006] 06:27:53 | 06:27.53] 06:27.53 | 06:29:46 | Agent 0 113 23015
510014071 06:28:15] 06:28:45] 06:28:46 | 06:29:04| Agent 30 18 23007
510014116] 06:28:35 | 06:29:04 ] 06:29:05 | 06:30:31| Agent 29 86 23007
510014132 06:28:43 | 06:29:46 | 06:29:47 | 06:31:27 | Agent 63 100 23015
510014196] 06:29:05 | 06:30:31 ] 06:30:32 | 06:34:32 | Agent 86 240 23007
510014425] 06:30:38 | 06:31:27 ] 06:31:27 | 06:34:31 | Agent 49 184 23015
510014578] 06:31:32 | 06:34.31 ] 06:34.:32 | 06:35:54| Agent 179 82 23015
510014674] 06:32:06 | 06:34:32 ] 06:34:33 | 06:37:04 | Agent 146 151 23007
510014702 06:32:18 | 06:33:00 ] 00:00:00 | 00:00:00 | Abandon 42 0 0
510014712 06:32:26 | 06:35:54 | 06:35:55 | 06:37:37 | Agent 208 102 23015
510014750] 06:32:37 | 06:36:.08 | 06:36:09 | 06:47:58 | Agent 211 709 23041
510014927 06:33:46 | 06:37.04 ] 06:37:05| 06:43:49 | Agent 198 404 23007
510015175] 06:35:19 | 06:36:04 | 00:00:00 | 00:00:00 | Abandon 45 0 0
510015368 06:36:28 | 06:37.37 ] 06:37:38 | 06:39:53 | Agent 69 135 23015
510015393] 06:36:35 | 06:37:54 ] 00:00:00 | 00:00:00 | Abandon 79 0 0
510015405] 06:36:39 | 06:39:53 ]| 06:39:54 | 06:51:04] Agent 194 670 23015
510015441 06:36:55 | 06:43:49 ] 06:43:50 | 06:45:58 | Agent 414 128 23007
510015539 06:37:41 ]| 06:45:58 | 06:45:59 | 06:47:44| Agent 497 105 23007
510015752] 06:38:54 | 06:39:14 ] 00:00:00 | 00:00:00 | Abandon 20 0 0
510015802] 06:39:13 | 06:40:31 ] 00:00:00 | 00:00:00 | Abandon 78 0 0
510016057 06:40:42 | 06:40:59 ] 00:00:00 | 00:00:00 | Abandon 17 0 0
510016208] 06:41:36 | 06:47:44] 06:47:45| 06:51:29| Agent 368 224 23007
510016446 06:42:56 | 06:47:58 ]| 06:47:59 | 06:48:31 | Agent 302 32 23041
510016552] 06:43:35 | 06:45:36 | 00:00:00 | 00:00:00 | Abandoen 121 0 0
510016619] 06:44:02 | 06:48:31 ] 06:48:32 | 06:50:56 | Agent 269 144 23041
510016625] 06:44.05 | 06:46:13 ] 00:00:00 | 00:00:00 | Abandon 128 0 0
510016700] 06:44:32 | 06:50:56 | 06:50:57 | 06:56:20 | Agent 384 323 23041
510016708] 06:44:36 | 06:51.04 ] 06:51:05| 06:53:.01 | Agent 388 116 23015
510016925 06:45:53 | 06:51:29] 06:51:30 | 06:53:14] Agent 336 104 23007
510017302 06:48:04 | 06:53.01 ] 06:53:02 | 06:54.12| Agent 297 70 23015
510017389] 06:48:31 | 06:49:30 ] 00:00:00 | 00:00:00 | Abandon 59 0 0
510017423 06:48:42 | 06:53:14] 06:53:14 | 06:54.56 | Agent 272 102 23007
510017606] 06:49:55 | 06:54:12] 06:54:12 | 06:55:49 | Agent 257 97 23015
510017636 06:50:03 | 06:51:57 ] 00:00:00 | 00:00:00 | Abanden 114 0 0
510017717 06:50:38 | 06:54:56 | 06:54:57 | 06:56:50 | Agent 258 113 23007




time AIT_sys Dep sys Arr g Dep q Arr_ser Dep ser
06:15 B8 B 8 8 5 5
06:16 6 6 6 6 5 5
06:17 B8 6 6 8 5 5
06:18 6 6 6 6 5 5
06:19 7 6 7 7 6 5
06:20 7 6 7 7 6 5
06:21 7 B 7 7 6 5
06:22 8 6 8 8 7 5
06:23 9 6 9 9 8 5
06:24 11 7 11 10 9 6
06:25 12 9 12 12 11 8
06:26 12 10 12 12 11 9
06:27 15 12 15 15 13 10
06:28 16 13 16 16 14 11
06:29 19 14 19 17 15 12
06:30 20 16 20 19 17 14
06:31 21 17 21 20 18 15
06:32 22 18 22 21 19 16
06:33 26 18 26 21 19 16
06:34 27 19 27 22 19 16
06:35 27 21 27 24 21 18
06:36 28 22 28 25 22 19
06:37 32 24 32 27 23 20
06:38 33 27 33 30 25 22
06:39 34 27 34 30 25 22
06:40 35 29 35 32 26 23
06:41 36 31 36 34 26 23
06:42 37 31 37 34 26 23
06:43 38 31 38 34 26 23
06:44 39 32 39 35 27 24
06:45 43 32 43 35 27 24
06:46 44 34 44 37 28 25
06:47 44 35 44 38 28 25
06:48 44 37 44 40 30 27
06:49 47 38 47 41 31 28
06:50 48 39 48 42 31 28
06:51 51 40 51 43 32 29
06:52 53 43 53 45 34 31
06:53 54 43 54 46 34 31
06:54 54 45 54 48 36 33
06:55 54 47 54 50 38 35
06:56 56 49 56 52 39 36
06:57 59 52 59 55 41 38
06:58 59 53 59 56 42 39
06:59 60 54 60 57 43 40
07:00 60 55 60 59 44 40
07:01 62 57 62 62 46 41
07:02 64 57 64 64 48 41
07:03 70 62 70 68 51 45
07:04 70 63 70 70 53 46
07:05 71 65 71 71 54 48
07:06 74 67 74 74 57 50
07:07 79 69 79 78 61 52
07:08 80 72 80 80 63 55
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Figure 1: Average waiting time for Retail and Premier calls (July-01)
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Wariables | Options | Select Categaries

I | Select by | Open |
ariable | Wariable Type | Category | Subcategory -
Mumber of agents Counts sEMvicE node
Average service incoming calls Means zervice node
Incoming callz Counts TEMVICE node
Business calls Counts FErvice hode
Served < B Counts sErvice node
Served Gto 19 Counts FErvice hode
Fropartion served < 5 Rate zervice node
Froportioned served 5to 19 Rate zervice node
Mumber agents < 5 Counts zervice node
Fropartion agents < 5 Fate sEMvice node
WRU entries Counts FErvice
Announcement entries Counts IEMVICE
Meszage entries Counts zervice
Direct entries Counts SEMVICe
YR only Counts zervice
YR only proportion Rate service
Announcement only Counts zervice
Announcement only proportion Rate service
Meszage only Counts zervice
Meszage only proportion Rate zervice
Arrivals to offered Counts FErvice hode
Handled Counts FErvice hode
Handled proportion Rate sEMvice node
Unhandled Counts FErvice hode
Unhandled proportion Fate TEMVICE node
Short abandons Counts FErvice hode
Short abandons propartion Rate service node
Abandons Counts FErvice hode fe
Abandonsz proportion Rate service node
Other unhandled Counts FErvice hode
Other unhandled proportion Rate zervice node
Disconnected in service Counts FErvice hode
Dizconnected in service proportion Rate zervice node
Continuation Counts IEMVICE node
Continuation proportion Rate zervice node
Morwaiting proportion Fate TEMVICE node
Average waiting time given waiting Means zervice node
Average waiting time Means semvice hode
Average customer service time Means zervice node
Arrivals to offered [all sub-calls] Counts service node
Handled [all sub-calls] Counts zervice node ;I
I Months Days |

Month [tear | =

March 2001

April 20

hd ay 200

June 200

A

August 2001 —

September 200

October 200

Movember 2001

December 20

January 2002

February 2002

March 2002

April 2002 ;I

— Time senes type
% Days for one month

" Agoregated days by months
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Figure 3: Average waiting time for Platinum calls (Week days, March 2002)

Wait time(waiting), Platinum
USBank, March 2002, Week days
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Figure 4:

Average waiting time for EBO calls (Week days, March 2002)
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USBank, March 2002, Week days
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File Table Settings Help

Performance Profiler Staffing Query Advanced Profiling Advanced Queries What-if Analysis

Performance performance Profiler allows you to determine and optimize the Perfarmance Level of your Call Center. Enter your call centers

Profiler
Your Call Centers Parameters Seftings
+  Number of Agents Answering Calls |1_ * Features: Abandons
+  Average Time to Handle One Call (mm:ss) W *  Basic Interval: 60 minutes
+  Calls per 60 minute Interval [2 *  Target Time: 00:00 (mm:ss)

*+  jyerage Callers' Patience (mm:ss) 59:00 Change Settings

| Compute ;| ® AddtoTable | Delete Rows Clear Al ‘ Export ‘ nport ‘ Graph
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Interval  Timeto Nim:net;“f Handling ﬁﬁ{;sijr S;ﬁ;igc‘: ngue”gs spanswer %Abandon  within Queue
(minutes)  Answer g Time pancy Target  Length
Results £0.0  00:00.0 10 30000 20  59:000 58.6% 58.6% 31.4% 31.4% B

4
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.31.4% 11N DOWOLNN HNK VIO 97Y .DIVONN INK NYYNT 1T NV NPDYL DINMIAN NINN
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The Erlang-A Queue in the QED-Regime

Theorem (with Garnett & Reiman, 2002)

The following points of view are equivalent:

0. QED: P{W, > 0} = a, for some 0 < a < 1;

1. Manager: n =~ R+3VR, for some —oo < 3 < o0
2. Servers: Occupancy == 1 — 'ﬁj;';

3. Customers: P{Ab} = l._ for some 0 < v < og;

NG

in which case

PR
_oag®y LIC)E
a« = alfyg) [”J; h(—ﬁ)} /

which we call the Garnett Delay-Function(s);

here § 2 ﬁq\% and
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The Erlang-B Queue in the QED-Regime

Recall the Erlang-B Formula:
R* ;n RI
A _ il
Ei & P{Blocked} = — /Eu jr
Theorem (QED Erlang-B; Jagerman, 1974)

As n — oo, the following 3 statements are equivalent:

1. Customers: Ei, = \fiﬁ, for some ~v = 0
2. Servers: p=1— \f—f%,_ for some —oo0 < f < 00

3. Manager: n =R+ BVR (squareroot “staffing”);

in which case

. ¢(—B) _ ()
7= MR = §0E) T a)

where ¢, ®, & and h are the density, cdf, survival function and
hazard rate of N(0, 1) (standard-normal), respectively.
Note: Servers’ Occupancy = 1—%‘;‘#, accounting for blocking.

The Erlang-C Queue in the QED-Regime

Theorem (QED Erlang-C; Halfin & Whitt, 1981)

As n — oo, the following 4 statements are equivalent:

0. QED: FEop = av, for some 0 <a < 1;
1. Manager: n~R+pBvVR, forsome 0<f < o0
2. Servers: prsl— f—%

1
. 7 r —— . .
3. Customers: E[W,|W, > 0] = et

-

in which case

=

which we call the Halfin-Whitt Delay-Function.

a = af) = [1+

Note: 3v/R = Safety-Staffing, in analogy to Safety-Stock.
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Erlane-A: % Abandonment

%0Ab x /n vs. 3, for varving (im)patience (8/p):

PiAbandon} * N

s

i

—GMR[0.1) —GMR[0.5) GMR{1] —GMR(Z] — GMR(5)

—GMR[ID}) — GMR(2D) GMR{E0) GMR{100)

Note the behavior: slope — 3, for (relatively) large negative & and
over all (im)patience levels. For an explanation, think EID:
n=R+BVR=R—~R; hence v = —3/vVR = —3//n, and ~
is P{Ab} in the ED-Regime.
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Erlang-A: The Garnett Delay-Functions

P{W, > 0} vs. the QOS parameter 3, for varying patience 0/ .

A
I

|
N

)

AViwi

N

e
g

N\

<
\\\
AN

A 11

F £
/
/// B
]

P{Wait>0}

\

SOUANY

Ny
=

3 25 -2 0
B

— Halfin-Whitt —GMR(0.1) GMR(05) —GMR(1} —GMR(2)

—GMRB)  —GMR(10) GMR(20) =——GMR(50} = GMR(100)

GMR(x} describes the asymptotic probability of delay as a function of f when
% = X. Here, 8 and 1 are the abandonment and service rate, respectively.

Note: Erlang-C = limit of Erlang-A as patience T indefinitely.
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1 nYav

call_id q start | q exit |ser start| ser exit | outcome| wait time | service time Agent
510013309 06:23:00 | 06:23:07 ] 06:23:.08 | 06:25:01] Agent 7 113 23015
510013355] 06:23.19| 06:24.30 ] 06:24:31 | 06:24:51] Agent 71 20 23007
510013559 06:24:52 | 06:24:52 ]| 06:24:52 | 06:26:57 ] Agent 0 125 23007
510013814 06:26:32 | 06:26:33 | 06:26:33 | 06:27:27 ] Agent 1 54 23015
510013830 06:26:36 | 06:26:38 | 00:00:00 | 00:00:00 | Abandon 2 0 0
510013871 06:26:47 | 06:26:57 | 06:26:58 | 06:28:45] Agent 10 107 23007
510014006] 06:27:53 | 06:27:53 ]| 06:27:53 | 06:29:46 | Agent 0 113 23015
510014071] 068:28:15| 06:28:45 ] 06:28:46 | 06:29:04] Agent 30 18 23007
510014116 06:28:35| 06:29:.04 ] 06:29:05 | 06:30:31] Agent 29 86 23007
510014132 06:28:43 | 06:29:46 | 06:29:47 | 06:31.27 ] Agent 63 100 23015
510014196 06:29:05| 06:30:31 ] 06:30:32 | 06:34:32] Agent 86 240 23007
510014425] 06:30:38 | 06:31:27 ] 06:31:27 | 06:34:31] Agent 49 184 23015
510014578 06:31:32| 06:34:31 | 06:34:32 | 06:35:54| Agent 179 82 23015
510014674 06:32:06 | 06:34:32 ] 06:34:33 | 06:37:04] Agent 146 151 23007
510014702 06:32:18 | 06:33.00 | 00:00:00 | 00:00:00 | Abandon 42 0 0
510014712| 06:32:26 | 06:35:54 ]| 06:35:55 | 06:37:37 ] Agent 208 102 23015
510014750 06:32:37 | 06:36.08 | 06:36:09 | 06:47:58 ] Agent 211 709 23041
510014927 06:33:46 | 06:37:04 ] 06:37:05 | 06:43:48] Agent 198 404 23007
510015175] 06:35:19 | 06:36:04 | 00:00:00 | 00:00:00 | Abandon 45 0 0
510015368 06:36:28 | 06:37:37 ] 06:37:38 | 06:39:53] Agent 69 135 23015
510015393 06:36:35 | 06:37:54 | 00:00:00 | 00:00:00 | Abandon 79 0 0
510015405] 06:36:39 | 06:39:53 | 06:39:54 | 06:51:04] Agent 194 670 23015
510015441 06:36:55 | 06:43:49 ]| 06:43:50 | 06:45:58 ] Agent 414 128 23007
510015539 06:37.41 | 06:45.58 | 06:45:59 | 06:47:44| Agent 497 105 23007
510015752 06:38:54 | 06:39:14 | 00:00:00 | 00:00:00 | Abandon 20 0 0
510015802] 06:39:13 | 06:40:31 | 00:00:00 | 00:00:0Q | Abandon 78 0 0
510016057 06:40:42 | 06:40:59 | 00:00:00 | 00:00:00 | Abandon 17 0 0
510016208 06:41:36 | 06:47:44] 06:47:45| 06:51:28] Agent 368 224 23007
510016446 06:42:56 | 06:47:58 | 06:47:59 | 06:48:31] Agent 302 32 23041
510016552] 06:43:35| 06:45:36 | 00:00:00 | 00:00:00 | Abandon 121 0 0
510016619 06:44.02 | 06:48:31 | 06:48:32 | 06:50:56 ] Agent 269 144 23041
510016625 06:44.05] 06:45:13 | 00:00:00 | 00:00:00 | Abandon 128 0 0
510016700] 06:44:32 | 06:50:56 | 06:50:57 | 06:56:20 | Agent 384 323 23041
510016708 06:44:36 | 06:51:04 ] 06:51:05| 06:53:01] Agent 388 116 23015
510016925] 06:45:53 | 06:51:29] 06:51:30 | 06:53:14] Agent 336 104 23007
510017302 06:48:04 | 06:53.01 ] 06:53:02 | 06:54:12 | Agent 297 70 23015
510017389] 06:48:31 | 06:49:30 | 00:00:00 | 00:00:00 | Abandon 59 0 0
510017423] 06:48:42 | 06:53:14] 06:53:14 | 06:54.56 ] Agent 272 102 23007
510017606 06:49:55| 06:54.12] 06:54:.12 | 06:55:49 ] Agent 257 97 23015
510017636 06:50:03 | 06:51:57 | 00:00:00 | 00:00:00 | Abandon 114 0 0
510017717 06:50:38 | 06:54.56 | 06:54:57 | 06:56:50 ] Agent 258 113 23007
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2 1Yav

time Arr_sys Dep sys Arr_q Dep _q Arr_ser Dep ser
06:15 6 6 6 6 5 5
06:16 6 6 6 6 5 5
06:17 6 6 6 8 5 5
06:18 6 6 6 6 8 5
06:19 7 6 7 7 B8 5
06:20 7 6 7 7 B8 5
06:21 7 6 7 7 8 5
06:22 8 6 8 8 7 5
06:23 9 6 9 9 8 5
06:24 11 7 11 10 9 6
06:25 12 9 12 12 11 8
06:26 12 10 12 12 11 9
06:27 15 12 15 15 13 10
06:28 16 13 16 16 14 11
06:29 19 14 19 17 15 12
06:30 20 16 20 19 17 14
06:31 21 17 21 20 18 15
06:32 22 18 22 21 19 16
06:33 26 18 26 21 19 16
06:34 27 19 27 22 19 16
06:35 27 21 27 24 21 18
06:36 28 22 28 25 22 19
06:37 32 24 32 27 23 20
06:38 33 27 33 30 25 22
06:39 34 27 34 30 25 22
06:40 35 29 35 32 26 23
06:41 36 31 36 34 26 23
06:42 37 31 37 34 26 23
06:43 38 31 38 34 26 23
06:44 39 32 39 35 27 24
06:45 43 32 43 35 27 24
06:46 44 34 44 37 28 25
06:47 44 35 44 38 28 25
06:48 44 37 44 40 30 27
06:49 47 38 47 41 31 28
06:50 48 39 48 42 31 28
06:51 51 40 51 43 32 29
06:52 53 43 53 46 34 31
06:53 54 43 54 45 34 31
06:54 54 45 54 48 36 33
06:55 54 47 54 50 38 35
06:56 56 49 56 52 39 36
06:57 59 52 59 55 41 38
06:58 59 53 59 56 42 39
06:59 60 54 60 57 43 40
07:00 60 55 60 59 44 40
07:01 62 57 62 62 46 41
07:.02 64 57 64 64 48 41
07:03 70 62 70 68 51 45
07:04 70 63 70 70 53 46
07:05 71 65 71 71 54 48
07.06 74 67 74 74 57 50
07:.07 79 69 79 78 61 52
07:08 80 72 80 80 63 55
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Table 1: Discrete and Continuous Distributions

TP . . . X Moment Gen. . L.
Distribution Naotation Frobability Function Parameters Support F Expectation Variance Comments
Function
Binomial N ~ Bin(n, p} pik) = (7)p*am " 0<p=1—-g<lin>1 k=0,1,...,n p-e' +q" np npg
. ke k N
Multi- X ~ Mult(n, p) plr) = o .._S_ I1%»: 0< p Mu pi=1in>1 E(X;) =np; cov(X;, X;) = —npip; X ~ Bin(n, pi)
nomial xz = (w1,...,T) p=(P1y.er Pn) i=1,...,k (i# 1)
Negative , Number of trials
gativ X ~ NB(m,p) plky = (A )pmgt 0<p=1—g<lim>1 E=mm41,... @
Binomial till m-th success
t
Geometric X ~ Gip) plky=q""'.p 0<p=<1 k=1,2,... $ .w. Mqu. X ~ NB(1,p)
—ALk
Poisson X ~P(A) plk) = == A>0 k=0,1,... exp{—A(l — &)} A A
N o N — special elements
Hyper- X ~ HG(N, M, n) (k) = N, M > 0; max(0,n— M) <k M q__.:h.ﬁ_ﬁ e WA WA M — ordinary ones
geometric Y 1<n< N4+ M k < min(n, N} k MM LM w n — sample size
: k — special in sample
Density Function
Bet: X ~ Bet 3 1) = 3 >0 0<t<1 C licated 8 3=1 Unife
~ W F W f > = —_— =f=
eta eta(o, 3) Liats) ja P o, > <t< omplicatec I F T (et AT = | — Uniform
Ta)I(F)
Ma)= [T u*le %de
Gamma, X ~ Gammal(o, A) fig) = VﬁlnﬂLL a,A >0 t>0 (1—4L)y = & = () ._ﬂc
(a) = E) E) W2
=(z—1)I'(z—1)
E : Aftgn—1,—At . t " n n y
rlang X ~ Erlang(n, A) fit) = = n=1,2,...;A>0 t>0 T — HU by v X ~ Gamma(n, A)
Expo- . At £y 1 1 1
X ~ Exp(A) F(t) = xe A>0 t>0 (1 w.v i 1 X ~ Gamma(l,A)
nential »
o fi) = a9 @
Normal X ~ N{p, ™) —c<p<oe; >0 —oo <t <o mﬁ_ﬁwt.‘.wawqu i o
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