~
990931 AYYN NOTINY NVYIDAN ‘ 7 HNIYIY INTNIOV 19N) - 11239V N

DINAYTIN YYIAN MDD : NNIN
VOMY YT :DIINN

14.07.2005 : 13>N37 TPIND

TIYN 'oN

ov

PINS 096324 — MW M37WN NOTN

2005 N”70WN AN 9VUNY - /N 19mn

YR YPINNY TAVINNI .MIYW VDY T Jnann -

JAUNND NXODY M0 9INa inann -

Y TY 500, 00Ty 29 50 AN -

YPA2 9NN2 2N, TNYN YKIL DOWITIN DOV NIRINOND -

STIPO YN ANPN DN - PXADNY DINNRY DX TYPHN MNP MIYD v MANWNNYY -

JINT MIVYY W90 ONYPIAND BN P9 MNDIN IX DD NNO v -

MR MTPY 5 I

Little mmpy 5 7m0

oyom MMP) 5 PN

MUNVY 970, MY YN MNPI 5 7NN
MPAINN MYAD MNP 5 TINn

YPR 0091 MTPY 9 TN

4Call Centers mmpy 4 70
wrN , QED mmpy 9 1mn

N »nwy MM 9 o
MY ADY POAN MNP 4 TN

mmMpy 60 N

!nnbyna

1 7ONY
2 NORY
3 ONY
4 NONRY
5 NONY
6 NONY

7 YNV
8 NYNV

9 NYNVY
10 NONRY

2"NY

: PN



(MTP1 5) 1 DHNY

DY NOWIH NOWNN .OOYIAN P22 DNI-DR-D29 NN 2MY NIVNINND NIIWVN NININD L3 THNY NONNNN NIANdA

NNINNM NN PIWN NTNNR 0NN D117 AN P2 ,IWIRN RO LPIAN 9D MY DIAPY YHnn Mpd Nindt 9’02

JPUYNR MY

1091197 P)22 MPMNY NIIWYNY NN NIRNNN NN ,DNPA ININY IDND |, "NIP) MTTN NOWN” NON 1.1
.DYVINTIN NRYINN AT DN NANIN MINNK 5-) 4 OITINYA ,0ONPNNY .NINPA P

I — Method : No3yn NN NNVINNND NIIWND

2NN PINK DIPYY 5152 MPON VI NN DIAPN NIY QONI NIV INYIN DY VD DIAPN MPY Y5 PN

NANN TINNNN TYN AR NIIWNN TINNN T NIN YIVN TP DIN NI, TN NPV DAPD T 2120 Ny»n nNMpY 1.2
NOOANN JPOY MMNM NTHRNRD DOWITIN DNTIN PN N IVNY DD PPTA HAN ,NIXPI NN T INMPYY
.D5N2WN

AT YNINND NN NYTY NIIWNIY DNINA WX .0MDN NIV NNT MMPON 190N NN NYTY NOWNN ___:NIWN
NINND PIT YN NN TIINRD D21 NONNA NN, MDY

W e =L S

queue queue service residual service time

DTN PO DINX MIHWM NIN YAVN TP HIN NIN NYXIN MPYN TYUNRD ,DOMPY NIY HaAPD T 9325 Wi Mpow nen 1.3
PN XD ON 190N DN PO DXNX MPOD NN MINNKNN TYN IR TININD ,0INYT 29D ,NIIYNN 2IN OXN .9ION

SPRYIND L) ONNTH

22PN NINY ATV NN 7OYIN . NPYNRIN INMPY IR OOONY SINNX YTINND NN G080 MPONY NN 8 Nwn
DTN NN TN INTVNOY DOVTN MMPY YIND D912 NIIWND ,NYRT MDY



MITWn NN 19w 07010 P13
01N 76177 N0 19N .0° 1101

SPR 11991 4070 B AYPYR2 0°D°307 Y3 PR ,N97YRT YRy *10°1a dnn

SOMNR TN T
pb ¥ NN NIIYRT, P apm
“M321,7°303 XXM MPYRY TP
R 9Y907 o NND» TPoT Y
"% R N37 ,mphin e
5% PR DRAMT MY NN
472730 Y02 200 A0Na.mp
YT 123 BaY bR oon
“N'R 0107, NN 3NN 22
L0 mmphh myen ,ovp
-O% 700750072 13pM* %371 03

.0°5°3020°2

S7amb mwn p PR
D323 NPRPAAN FALAT PR
=M NIYHT 0D MR 09N
P OMIR MY NNY 1IN Y
- NN AR 1Y ML N
5303 p

o°031 D%y A3 .o%paan
Py 2%03% mnn »inb mayn
mysn 1 ghaoa mannm
11— mmphS R maknw
-5 NYA TN P30 YT NYa
D IR I NPT DY Y
Y5 DA 1IN’ DD 0PI
LI RN DA o
-y 002 %y nYy noyHn
22 N3PRTAN DI MY non 2
¥ P2y° MpYa a0 0% B
NPT OYRNR 30211032 8y ND
1501 NT9PA RIUR LI N £
1111077 DO R Mt hwn
R R MpYY 1hen Ny
M9.973Y *LANDIT N2 10N
S0 mph2 1 n noynn e
M, ,2ond — 1y vand

DYMIAR P13 57 oM Ay

0°27 MMpY ,(M3T0R) NOHY)
DNR RDY 0°5°302 BYpaN 1Y
’D7J02. DYVIR O"1IN .DMIEN

Doftofpy iz

12 N MT XD

m>»pa b o°byvn pia
0°D°302 M MDY (10%))
SN YTLY Yy
"3 PIY P03 i ;e
“oM32.0°530 9 %P 2P,V
70302 napmn e N
S pawnm noavn b
02 MY MR NDwnT N
1 0°p332 NV NOYHN AN
P32 TYYAT 03,0y 00903
NPT UMD DY) 0°9paa
=230 592 nynvw ML IMRR
“PYNA,MIYI PNIDYDI DD
Spw 1 n 4070 Yo nbHo Y
1Y DWRN DPaw b
RpIa M»Yph DR O




Measuyenm ety %g

CusT ARRIVAL

SERVICE SERVICE SERVICE WAIT
BEG END TIME TIME

i')?uwf-sm ’. Exm,afa z’f Fpee - Face

SERVICE SERVER SERVICE

040293
040293
040293
040293
040283
040293
040293
040293
040293
040293
040293
040293
040283
040293
040293
040293
0406293
040293

7 040293
040293

040293
040293
040293
0402593
040293
040293
040293
040293
040293
040293
40293
040293
040293
040293
040293
0406252
040293
040293
040293

: 040293

040293
040293

1006 8:12:45
1010 8:14:04
1008 8:15:51
10066 8:19:44
1012 8:26:55
1013 8:27:37
1014 8:29:05
1014 8:31:23

1016 8:33:52
1014 8:35:39
1018 8:39:01
1019 8:39:57
1021 8:43:20
1022 8:47:21
1023 8:47:24
1024 8:50:07
1025 8:50:58
1021 8:53:07
1027 8:53:11
1023 8:54:32
1023° 8:54:35
1021 8:55:05
1028 9:00:57
1029 9:01:56
1930 98:08:51
1031 9:08:54
1032 9:09:06
1030 9:12:41
1020 9:13:3%
1020 9:13:38
1034 9:17:07
1036 9:19:43
1037 9:20:07
1030 9:21:50
1030 9:22:39
1036 9:32:04
10326 9:32:12

8:
8:09:34 8:15:51 6£:18 2124
8:09:47 8:11:33 1:45 2:28
8:19:32 8:19:44 0:12 6:48
8:14:17 8:15:51 1:34 0:13
8:15:51 8:15:55 0:04 0:00
8:19:44 8:44:25 24:41 0:00
8:28:37 8:30:53 2:16 1:42
8:33:31 8:34:16 0:45 5:55
8:30:14 8:31:33 1:19 1:10
8:35:36 8:35:39 0:03 4:03
8:34:16 8:44:49 10:33 0:24
8:35:39 8:41:12 5:332 0:00
8:43:29 8:50:31 7102 4:28
8:41:12 8:43:29 2:18 1:15
8:50:31 8:53:07 2:36 7:11
8:53:07 8:58:18 5:11 5:46
8:49:06 8:54:32 5:26 1:42
8§:51:54 8:54:32 2:38 1:48
£:58:18 8:59:29 1:11 7:20
8:54:52 8:55:05 0:13 1:45
8:59:29 9:12:33 13:04 6:18
8:54:32 8:54:35 0:03 0:00
8:54:35 9:02:02 8:27 0:00
8:55:05 9:02:49 7:44 0:00
9:03:02 9:09:38 6:36 2:05
9:06:27 9:39:48 33:21 4:30
9:10:02 9:12:41 2:39 1:11
9:09:38 9:13:35 3:56 0:44
9:12:33 9:16:29 3:56 3:27
9:15:18 9:21:50 6:32 2:37
9:13:35 9:13:37 0:03 0:00
9:13:38 9:20:39 7:01 0:00
$:21:50 9:27:3% 5:48 4:43
9:27:39 9:32:04 4:25 7:55
9:20:39 9:22:37 1:57 0:32
9:22:37 9:22:39 0:03 0:47
9:22:39 9:234:05 11:25 0:00
9:32:11 9:32:12 0:02 0:07
$9:32:12 9:46:30 14:17 0:00

T - FAeditibined (IF ik M@\;wmﬁlﬁ”)

Bhoye + I - withed ! (lﬁﬂﬁe/}

Vi

#2

S ~ g fhod

O~ wefbad

Pot F - weflod
O - C}'\/L{J,L"t"

L

i-glaégﬁgij
( ({;}fﬁ@&g& *?#S‘ {jﬁ z‘}
( Futinne /

(Qx?' k’?&g [mfa ; F—B“’*zj)

POS ID TYPE
10 10 27
12 12 29
12 12 11
[ 6 20
12 12 11
5 5 29
10 10 27
10 10 20
5 5 12
12 12 11
10 10 27
6 3} 20
12 12 20
10 10 27
12 12 11
12 12 11
12 12 11
12 12 11
12 12 11
& & 20
10 10 27
12 i2 11
5 5 11
12 12 11
1¢ 10 20
10 10 27
5 5 12
10 10 27
G & 21
2 2 26
16 10 27
12 12 11
5 5 26
10 10 12
10 10 27
5 5 12
5 5 12
16 10 27
10 10 26
10 10 27
12 12 12
12 12 11
: &wfuw‘f‘@af{vg

fﬂtk&f?

Sewfors

m’/,{‘-j Cenvite ~ fy\t’??!-"fﬁffn% fng

( cet murl page )



Face-to-Face Services
Measurement & Control

s |'raditional work measurements

— Stop-watch: utilization profiles, times

o {_-method 1-station
" _ Sensors of arrivals and service-starts

— Queues physically ordered, standing
o S_method  1-station

— Tickets upon arrival (#, type)
— Queues logically ordered, sitting
» [.method Network

— Ticket upon arrival (7, type)

. Sensors at servers

— Diagnostic / Research-device

s T -method : 1 station/Network

— Transactions (automatically) recorded
— Off-line (end-of-day) and Real-time
— Inference of missing details

> Online global control exists (eg. KeyCorp, F-Bay)

a2
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9. Workforce Management: A certain Japanese company has 36,000 employees,
20% of whom are women. The average term of employment for a woman 1s 37
months, whereas for men it 1s 200 months. Assume that the total employment level
and the mix of men and women are stable over time.

L., = average number of women in system = 36,000 = 0.2 = 7, 200 women.

Aw = T:Er':' = 194.6 women/month is the average number of new women employees
hired per month.

Ly = 36,000 x 0.8 = 28, 8300 men,

e,
Am = "2';;":' = 144 men/month.
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time

Plot for Aug 9 (Fri.)

e Divide day (7am to midnight) into time intervals of 150
seconds (=2%2 minutes)
e Count number arrivals in each interval, and make
scatterplot
« Fit using a nonparametric regression smoothing

technique. (Automated bandwidth/smoothing-parameter techniques are
possible, but weren't used.)

Nonparametric density estimation could also be used here to get
similar looking plots, but that method doesn’t extend to create types of
plots fater in the analysis.
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Service-Q Arrivals
by Time-of-Day & Day-of-Week
MONDAY
Plot shows (spline-smooth of)

Arrivals per Houry,, 4.,

Normalized Amvalsgiven day

, 7!
Average. 4., (@rTiv's. per hour)

> 1=
o
: , i !
10 15 20
time

The variable “time” is on a 24 hour clock,

= 8/05/02 = 8/19/02
3



Efficiency Plots
Showing Load and Staffing

10 1 20
time

Plot is for Monday 8/05/02

Y =—=NumberAgents (s)
=== foad ((S)
=== AygQueueWaitAll (s)

‘Agents” = Esfimate of number of agents on-duty at that time.
lin each 150 second interval an agent is estimated to be on-active-
duty for the entire interval if (s)he is on the phone sometime in that

interval.]
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MMPY P2 NNYA0 DY NYIIVN LA

INIPD MO P DYDY NIVY 7 NYONTH NPV ODIAN I B

: DYNAN DN INPDI ONN,MMPY MO 3 NIAY DN 2N N DNNON N1

DOWwLN % DXNNVN MINNN TYN DYWL MNNN TYN

nMVI, (YNI1IN) nMvI, (Y8NnN)
Skill 37 40 18 26
Skill 41 30 19 22
Skill 33 6 25 57

: INAN NDAVN NN INYOUN

YNIIN NNYIAD TYN
MNYA0N OPTIN .
Skill 37 100%—40%:1.5 26+18*1.5=53
40%
Skill 41 100% —30% 9133 22+19%2.33=66
30%
Skill 33 100% — 4% o4 57 +25%24 =657
4%

APN) 10°WLNN NN MYN NN TN 1V NP2A0N ( BIN A) 570 mymnn panosn 5.3
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owwen Fer 101""0"—&
BCHS SKILL REPORT
Switch Name: FDC/HAMPDEN Date: 7:00 pm WED MAR 10, 19399
Skill: 37
Skill Name: !BA AUTH1 Acceptable Service Level: 30
AVG AVG AVG TOTAL TOTAL % IN
ACD SPEED ABAND ABAND TALK AFTER FLOW FLOW AUX/ AVG SERV
DAY CALLS ANS CALLS TIME TIME CALL 1IN out OTHER STAFF LEVL
3/04/99 637 0:19 219 0:26 1:57 92:05 0 0 4310:06 8.7 66
3/05/99 849 0:06 135 0:06 1:35 17%:58 0 0 4299:43 11.3 85
3/06/99 1330 @¢:11 363 0:13 1:42 280:22 0 0 5592:29 13.2 73
3/07/99 1213 0:12 358 0:18 1:46 226:20 0 0 4830:15 11.5 72
3/08/98 631 0:26 382 0:33 1:5%7 150:50 o] 0 3743:04 - 7.8 43
3/09/9% 570 0:40 487 0:43 1:52 148:41 o] 0 3979:04 6.7 38
3/10/9%9 512 0:29 292 0:28 1:41 243:06 0 0 3046:00 7.9 50
SUMMARY 5742 0:18 2236 0:26 1:46 1321:22 0 0 *rkk, uk 9.6 63 TN
e - v -
Acrivals Rbandens 40 %
Switch Name: FDC/HAMPDEN Date: 7:00 pm WED MAR 10, 1999
Skill: 46
Skill Name: !BA AUTHORIZATION Acceptable Service Level: 30
AVG AVG AVG TOTAL TOTAL $ IN
ACD SPEED ABAND ABAND TALK AFTER FLOW FLOW AUX/ AVG SERV
DAY CALLS ANS CALLS TIME TIME CALL 1IN ouT OTHER STAFF LEVL
3/04/99 1185 0:22 479 0:31 2:08 1930:16 0 0 4213:22 8.4 61
3/05/99 1805 0:05 .308 0:04 1:38 337:20 0 0 4299:43 11.3 84
3/06/99 2437 0:12 642 0:12 1:51 444:03 0 0 55%2:29 13.2 73
3/07/99 2260 0:13 558 0:14 1:46 326:33 0 0 4830:14 11.5 T4
3/08/9% 1260 0:35 676 0:28 2:06 308:19 ] 0 3743:04 7.9 48
3/0%/99 1126 0:40 653 0:34 2:10 250:40 0 0 3979:04 6.7 44
3/10/89 890 0:30 472 0:32 2:16 162:13 0 0 3046:00 7.9 51
SUMMARY 10963 0:19 23788 0:22 1:55 2019:24 0 Q0 *%uw ww 9.6 65
D L ]
30
]
BCMS SKILL REPORT ~~
Switch Name: FDC/HAMPDEN Date: 7:01 pm WED MAR 10, 1999 :
Skill: 33
5kill Name: GA Authorization Acceptable Service Level: 30
AVG AVG AVG TOTAL TOTAL % IN
ACD SPEED ABAND ABAND TALK AFTER FLOW FLOW AUX/ AVG SERV
DAY CALLS ANS CALLS TIME TIME CALL IN ouT OTHER STAFF LEVL
3/04/99 1248 0:27 61 0:42 1:57 330:04 0 0 4390:04 9.5 72
3705799 1521 0:14 37 0:20 1:58 353:48 0 0 6035:35 13.0 85
3/06/99 2388 0:20 130 0:34 2:10 550:18 0 0 6369:58 14.4 76
3/07/99 1748 0:14 66 0:30 2:08 432:16 0 0 4616:31 11.7 82
3/08/99 925. 0:18 50 1:00 1:53 191:06 0 0 3835:19 8.4 81
3/09/99 B56 0:26 57 0:53 1:54 125:16 0 0 4388:02 8.1 73
3/10/99 959 1:15 125 1:;55 1:48 186:44 0 0 4198:39 8.9 53
SUMMARY 9645 0:25 526 0:57 2:02 2169:30 0 O *¥#xk %> 10.6 76
6 ¢
*
BCMS SKILL REPORT
Switch Name: FDC/HAMPDEN . \Date: 7:02 pm WED MAR 10, 1999
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P{Wait>0}

Erlang-A: P{Wait>0}=a vs. B (N=R+BVR)
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GMR(x) describes the asymptotic probability of delay as a function of B when
% = X. Here, 0 and p are the abandonment and service rate, respectively.



P{Abandon}*VN

Erlang-A: P{Abandon}*YN vs. B
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1. A service system with customers speaking 2 languages;

2. VIP customers (type 1) who are also served by Regular servers (type 2) when their queue is too
long;

3. VIP servers (type 2) who are also serving Regular customers (type 1) when they idle for too
long.
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Birth & Death Model of a Service Station

}"{:I }ul IIrl']..-]. }ul
Hy Ha L L
i+1

e i — number-in-system;
e )\, — arrival rate given 7 customers in system;

e [i; — service rafe given ¢ customers in system.
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