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“Consumers are changing their way of doing business, primarily because of the
lack of time they have.... the telephone has drastically changed the way we do
business.”
Prof. John Coppett, Chairman of Marketing Department, University of Houston.
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ACD Avg. ! Avg. | ——Abandoned-—i

Period Calls| Ans.: Call|Nc. oflAv.Wt|Abnd|TSF OovE
End Time Answd| Time| Time Calls[ TimeE % % 1
01:00 107.00 4 56 11.00 6 g 90 0.00
02:00 46.00 36 119 14.00 15 23 43 0.00
03:00 22.00 6 55 1.00 5 4 87 0.00
04:00 9.00 3 =T 1.00 3 10 90 0.00
05:00 7.00 4 58 c.00 0 0 100 0.00
06:00 6.00 4 . 63 3.00 5 33 67 0.00
11:00 302.060 35 102 59.00 49 16 35 C.00
12:00 830.00 22 82 116.00 46 12 54 0.00
12:00 820.00 16 89 £7.00 30 8 58 2.00
14:00 780.00 13 86 44.00 27 5 80 0.00
15:00 668.00 56 140 208.00 96 24 27 7.00
16:00 661.00 61 143 196,00 102 23 16 1.00
17:00 675.00 44 127 187.00 55 22 24 1.00
18:00 680.00 28 103 93.00 44 12 50 0.090
19:00 584,00 49 130 161.00 59 22 22 1.00
20:00 478.00 46 120 106.00 40 17 29 G.00
21:00 437.00 21 91 51.00 13 10 59 1.00
22:00 359.00 20 102 41.00 24 10 58 0.00
23:00 _ 207.00 58 142 84.00 54 29 . 24 0.00
24:00 176.00 36 102 51.00 29 22 41 0.00

Totals 7854.00 34 110@EEE;E§ 64 16 44  13.00
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Tele - Services

The Fusion of Engineering,
Management and Science in
an Interdisciplinary effort to

- produce and advance

service quality

Tvpes of Call Centers:

E=e Emergency (police, fire, ambulance)
7 ¢ Business (retail marketing, barking)

Information (144)

: 2.+ Customer Service (106, Credit cards)

+ combinations of the above

Some Statistics...

i’fﬁo 20% annual growth

==e 1980 - 1650 firms, 1/2 million
employees

1994 - 350,000 firms, 6%/, millien
emnployees

What is a Call Center?

¢ telecommunications lines carrying
7 telephone calls to a specific location

switching machines to sort and

=3 allocate the calls

$ agents to receive or originate calls

Some Statistics

By the year 2600 as much as 50% of
retail business will be conducted via
the telephone

+ Over 100K calls per day.
s 144 - ~300K

Beeper - ~100K

ATET - ~40K

RS- ~100K




A Simp?e Call Center:

jost calls
I\ servers

gverflow

renals

: A arrivals 5

retrials

ahandonment

¥

lost calls

AT&T Benchmark Study

+busy signal => 32% lost calls
<15 sec. walt => 44 % lost calls
<30 sec. wait => 69% lost calls

The cost of acquiring a new customer is
5 times higher than keeping an existing
customer.

Service Quality

2
=% Responsiveness

Erete Assurance - Competence, Courtesy,
By Credibility

Padte Emnpathy -Access, Communication,
Understanding

A Telephone Network

lost calls

i FRONT
overflow

BACK

1

i

[

t

1 it %
]

]

]
4
1
1
- [IO
1
@
1
H
1
1
1
1
1
]
1
i

retrials

ACD

1 amivals o

retrials

abandonment
|

lost calls

Measures of Performance:

+ Propordon of customers receiving busy
signals

+ Proportion of custorners abandoning
queue

+ Average ime to answer
+ Average wait in quene given wait

+ Propartion of customers experiencing
ne wait

Managerial Challenqges:

i DESIGN :

d & Flexible vs. Specialized system

+ Frontvs. Back architecture

+ Tradeoff between Abandonmentand Busy
signal

CONTROL:

+ Measurements and their use in confinuous
improvemernt




Managerial Cha/lénaes:

QOPERATIONS:

+ Hourly staffing schedules and trunk
requirerments

HUMAN FACTORS:

+ Customer Patience (abandonment rate)

+ Retrial rate (for busy and abandoned})

+ Expected vs. Perceived vs. Actual

The Questionnaire

Developed in order to properly collect all data
relevant to the proper management of a call center
Crganizational and Managemant Structure

The Service Process

Center Cperations

Technological Infrastructure

Statistics and Measurements

* + & 4+ &

Why In [E&M ?

+ Operations Research

25 + Psychology

i} + Economics

557 + Game Theory

=5 . MIS - Management Information Systems
! + Marketing

+ Statistics

+ Work Study, Methods Engineering &

Ergonomics

Operafions Research

squeuing models '—\\

+architecture J servers

+# of servers

+# of trunks . [
amivals - E

Psychology 4
*customer patience ..,,,,____.._.-—-—-"/( :
* ratrial rates smmmmere—— /
+3ervice approach e "y

+perception of time - “entertain, enlighten, engage”

Economics

= Utility as function of cost

SCIVETS
= Cost-Throughput adeolf ;

Game Theory _ r
arrivals

Fy

* prediction of
abandonment rate

*economic equilibritm

*FPositioning : !
3 e ATIVEIS Y

Management Info Systems

*Service support :
—ﬁ servers

Marketing

* Attraction i

Siafistics \O“’

*Data analysis

+*Construction of utility functions ¥

*Forecasting




Work Study & Methods Eng.
-Measu:ements%—m—._.___m

*Work methods 4

3 *Ergonomics
: arrivals 'I -

overflow @

Iost calis
servers k

Statistics

tetrials

lost calls

&

Existing Technoioqy

DlreG Paliee 100 (911)

oo B

V7/[\N

+ Switching Devices {ACD)

¢ Information Gathering Systems
(TABS, Bezeq)

+ Computer Integrated Systern
{Missing Link’s TELECENTER)
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#include <stdio.h>
#include <sss.h>

#define 8 10 10 Servers ¥/
#define LAMDA 20.0 * Arrival rate 20 people per time unit */
#define MU 1.0 /* Service rate 1 people per time unit */

#define ARRIVL 1
#idefine SERVCE 2
#define ENDACT 3

float ENDT; /* end simulation after ENDT time units */
float THETA; /* Average time to abandonment 1/THETA time units */

int servers, ecode;
void primed{} /* prime function initiaies the system ¥/

{

INIQUE(1,2,3);

INISTA(1,"WAITING TIME ABANDON" 1,0,8,0);
INISTA(2,"WAITING TIME SERVICE",1,0,0,0);
INISTA(3,"ROU" 0,0,0,0);

CREATE(0,1);

SIMEND(ENDT+50.0);

servers=0;

}

void wait_steady_state() /* runsg system for 50 time units to achieve steady-state */

{
int flag;

while (T(3<50.0)
{
ecode=NEXTEV();
switch{ecode)
{
case ARRIVL:
CREATE(EX(1.0/LAMDA), 1);
SETA(1,TO);
SETAREX(1.0/THETAMT):
if {servers<S) SCHED(0,SERVCE,1);
else QUEUE(1,0);
break;
case SERVCE:
serverst+;
SCHED{EX(1.0/MUY,ENDACT, 1);
break;
case ENDACT:
Servers--;
DISPOSY;
flag=1,
while (NQ{1)&&flag)
{
REMVFQ({1,1);
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if (A>T {
SCHED(0,SERVCE,1);

flag=0;
}
else {
DISPOSY;
}
}
break;
default:
printf ("Wrong place go and check yourself");
break;
}
}
CLEARQ({1);
CLEARS(1);
CLEARS(2);
CLEARS(3);
}
void main{)
{
int flag; /* indicator for remaval from gueue */
int cnt_abn=0, cnt_cns=0; /* counters for # of people abandoned and

number that entered service */

printf("Please enter the duration of simulation: ");
scanf ("% " &ENDT); printf("\n");

printf("Please enter abandoment rate theta. );
scanf ("% &THETA); printf(\n");

prime();
wait_steady_state(};

printf("A/C (abandoned or censored enter exit abandon time\n");
while (ecode=NEXTEV())

{
switch{ecode) /* check event type */
{
case ARRIVL:
CREATE(EX({1.0/LAMDA), 1);
SETA1,T0), /* record time of arrival */

SETA(2,EX(1.0/THETA)+T()); /* record patience time */
if (servers<8) SCHED(0,SERVCE, 1);
f+if there is a free server send to

service */

else QUEUE(1,0); /* otherwise put in queue ¥/
break;

case SERVCE:
servers++; /* one more server is busy */
cni_cns++; /* one more person was served */
TALLY{(2, TO-A(1): /* record waiting time */
TALLY(3,(float)servers/S), /* record system utilization */

printf("C  %f %f %f\n", A(1),TOAR):;

/* output censored data */
SCHED(EX(1.0/MU),ENDACT,1);
break;
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case ENDACT:

servers--; /* one more free server */
TALLY(3,{float)servers/S); Mrecord system utilization */
DISPOSY);

flag=1;

/* find the first persen in the queue who has not reached abandonment time,
and send him to service. */
while (NQ(1)&&flag)

REMVFQ(1,1);

if (A@>TO) {
SCHED{0,SERVCE, 1);
flag=0;
}

cnt_abn++;

TALLY{1.A{2)-A(D);

printf"A  %f %f %fn", A(1),A2).A2));
{/* print data for those who abandoned in the meanwhile */

else {

DISPOS{):
}
}
break;
default:
printf ("Wrong place go and check yourself™;
break;
}
}
SUMRY (™Y,
printf("no. abandoned: %d no.censored: %d \n", cnt_abn, oni_cns);

printf("theta %1.1f lamda %1.1f mu %1.1f #servers %d\n", THETA, LAMDA, MU, 8);
}

- Weibyll 171729170 @012 [0 01920 1TW 173700 20 i1°%210°0

#include <stdio.h>
#include <sss5.h>

#define S 10
#define ENDT 150
#define ARRIVL 1
#define SERVCE 2
#define ENDACT 3
#define LAMDA 20.0
#define MU 1.0
#define THETA 3.0
#define BETA 2.0

int servers,ecode;
void prime()

{
INIQUE(1,2,3);
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INISTA(1,"WAITING TIME ABANDON",1,0,0,0);
INISTA(R,"WAITING TIME SERVICE",1,0,0,0);
INISTA(3,"ROU",0,0,0,0;

CREATE(0,1);

SIMEND(ENDT);

servers=0;

}

void wail_steady_state()

{
int flag;

while (T()<50.0)
{
ecode=NEXTEV();
switch(ecode)
{
case ARRIVL:
CREATE(EX(1.0/LAMDA)}, 1);
SETA(1,TO);
SETARZ.EX(1.0/THETAMTO);
if (servers<38) SCHED(0,SERVCE,1);
else QUEUE(1,0);
break:
case SERVCE:
ServVerst+;
SCHED{(EX(1.0/MU),ENDACT,1);
break;
case ENDACT:
Servers--
DISPOS(;
flag=1;
while (NQ(1)&&flag)
{

REMVFQ(1,1);

i (A>T {
SCHED{0,SERVCE,1);
flag=0;

}

DISPOS();
}

else {

}

break;
default:
printf ("Wrong place go and check yourseif');
break;
}

}

CLEARQ(1);

CLEARS(1),

CLEARS(2);

CLEARS(3);

}

void main()

{
int flag;
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int cnt_abn=0, cnf_cns=0;

double weibull;

printf("enter  exit ASC (abandoned/censored)n"):
prime(};

wait_steady_state{(};

while {ecode=NEXTEV())
{

switch(ecode)
{

case ARRIVL:
CREATE(EX{1.0/LAMDA), 1);
SETA(1,T()
weibull=WE((float)(1.0/THETA),BETA);
SETA(2 weibull+T));
if {servers<S) SCHED(0,SERVCE,1);
else QUEUE(1.Oy;
break;

case SERVCE:
servers++;
cnt_cns++;
TALLY (2, TO-AL1):
TALLY (3, {floatiservers/S);
printf("%f %f C\n" A(13,TO),
SCHED(EX(1.0/MU),ENDACT 1)
break;

case ENDACT:
Servers--;
TALLY(3.(float)servers/S),
DISPOS(;
flag=t1;
while (NQ(1)&&flag)

REMVFQ{1,1);

A>T {
SCHED(0,SERVCE. 1};
flag=0;

}

cni_abn++;

TALLY {1, A(2)-A(D);

printf("%f %f A", A(1LARY);
DISPOS();

}

else {

3

break;
default:
printf ("Wrong place go and check yoursel");
break;
}
}
SUMRY ™,

printf(“no. abandoned: %d no.censored: %d \n", cnt_abn, crd_cns);
printf("Theta: %f Beta: %f Lamda %f Mu: %f servers;%d\n", THETA,BETA LAMDA MU, S);

}
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SSS - Simulation Subroutine Set. Version 1.00
Copyright (C) M. A. Pollatschek 1990.
All rights reserved.

double Aint i); * attribute #i of current entity  */
double AIC(int r,int i); - * attribute #i of entity #r

in calendar *
double AlQ(int m,int r,int i); * attribute #i of

entity #r in queue #m *f
double *AP{void); /* current attribute pointer *f
double *APIC(int 1); /* attribute pointer of entity #r

in calendar *
double *APIQ(int m,int r}; /* attribute pointer of

entity #r in queue #m *
double BE{double U,double W); /* beta random variate */
int Biint N,double P); /* binomial random variate*/

double CD{double *X,double *P,int N}; /* user defined
continuous random variate *f

void CLEARQ(int m); /* clear statistic of queue #m */
void CLEARS(nt j); * ciear statistic # *
void CREATE(double t,int id), /* put a new entity to

calendar in t time from present */
void DISPOS(void); /* dispose current entity *
double DP(double *X,int N); /* user defined discrete

random variaie *
double ER(double M,int K), /* Erlang random varaite */
doubte EX(double M), /* exponential random variate  */
double GA{double M.double K}, /* gamma random variate*/
int  1DE(void); /* identity of current entity %/
int  IDIC(int r); - /* identity of entity #r in

calendar *f
int  IDIQ(int m,int 1); . /* identity of entity #r in

: queue #m *f

void [INIQUE(int g,int a,int s); /* initiate q queues,

calendar and s statistics *f

void INISTA(nt j,char *h,int n,int N,double f,double w);
/* initiate statistic #j

with name h *
int  NC(void); /* number of entities in calendar */
int  NCEN(void); /* number of current entities Y/
int NEIC(int n); /* event code of entity #rin
calendar *f
int  NEXTEV(void); /* next event code *
int  NP({double M); /* Poisson random variate *f
int  NQ(int m); /* number of entities in queue #m */
double PRIQ{int m,int r}; /* priority of entity #rin
queue #m */
double QAVG(int m); /* time-average of entities
simultaneously present in queue
#m =
int  QDC(int my}; /* discipline of queue #m *f
double QMAX(int m); /* maximum of entities
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simuitaneously present in gqueue

#m *

double QMIN(int m); f* minimum of entities

simultaneously present in queue

#m *
double QNUM({int m}; I number of entities that has been

in queue #m *
double QSTD(int m); /* standard deviation of entities

simultaneously present in queue

#m *f
void QUEUE(int m,double p); /* put entity in queue #m

with priority p *
double RA(void); /* a random number between Qand 1 */
void REMVFC(int 1), /* remove entity #r from

calendar *f
void REMVFQ(int m,int 1); /* remove entity #r from

gqueue #m *
void RESTOR(void); /* empties calendar and queues,

clears statistics and time *
double RL(double M. double S}; * lognormal random

variate *
double RN(double M.double S); * normal random

variate *
double SAVG(int i); /* average of variahle #j *
void SCHED{double t.int e.int id}; /* schedule event

e for current entity at time t from

now *
void SETA(int i,double v}, /* set attribute #i of

current entity to v *f
void SETANT(int n); /* set antithetic stream *
void SETAP{double *a); /* seis attribute pointer */
void SETDEB(int n); /* set debugging/error report */
vald SETIDE(nt id); /* set identity of current

entity to id *
void SETQDRC(int m,char *¢); * set discipline for

queue #mio ¢ *f
void SETSEE(int x); /* set random seed to x *
void SETT({double ); /* set current simulated tirne */
void SIMEND(doubte 1); f* finish simuiation att */
int  SIMERR{void}; /* returns last error & resels */
void SHOWQ(int my; /* display queue or calendar */
double SMAX(int j); * maximum of variable #j *f
double SMIN(int j); /* minimum of variable #j */
double SNUM(nt j); /* number of variables #j il
double SSTD{int j); /* standard deviation of variable

# *f
void SUMRY(char *u); * append standard report to

file with name u */
double T(void); . /* simulated time at present *
void TALLY(int j,double v); /*enter v as an

observation for variable #f %/
double TIC(int r); /* time scheduled for entity #m  */
dauble TR{double |,double B,double C); /* triangular

random variate *
double UN{double |,double C); /* upiform random

variate *f
double WE(double M, double K); F Weibull random

variate *
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SUMMARY QUTPUT

Regression Statistics

simulztion with exponential time to abandonment

nMuttiple R 0.99658418
R Square 0.993378374
Adjusted R Square 0.96321632
Siandard Erntor 0.071852051
Observations 107
ANOVA

df 5§ MS F Significance £
Regression 1 5087433083 8(0.87433 15754.53  3.0827E-116
Residual 105 0539673785 L.00514
Total ) 106 81.5140047

Coelficients  Standard Error 1 Stat Peyslue:  Lower 95% Upoer §5% Lower 85.000% Upper 85 600%

tntercept 1.004565388 (.00%9671008 103.8739 1.1E-1G7 0.58538853 7.023741208 0.88538853 1.023741206
X Varigble 1 0.93267400%. 0.007478435 125517 3.4E-118. 0.823842E35 0953488368  0,923842635 . . (.05349@355.
log{theta)= 1.0048
theta= 2.73  true theta: 3

slope= . 0.94

should be 1

Graphical test for suitibility of exponential dist.

I:og{—lug ()

logt




Survival Curve - S{t}=1-F{1} estimaie
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SUMMARY OUTPUT

Recression Stalislics

'-:S'zmulation with weilsull distributed time to abandonment

Multiple R 0223007853
R Square 0.998016688
Adjusted R Square  0.EE7984178
Standard Error 0.078118158
Observations 63
ANCVA )
ot N MS F Significance £

Regression 1 187.3185875 187.3188 30885.65 3.TETIEB4
Residual 61  0.372248225 0.008102
Total €2 18765908367

Coefficients Standard Emor t Stat P-value Lower 95% Upper 85°¢ Lowsr 95.000%  Upper 55.000%
Intercept 2.0803855857  (0.0183847%4 1137018 &.83£-73 2.053822872 2127148234 2.053622879 2.127148234
X Variable 1 1.82332528 Q010877774 1752018 3.79E-84 1.801373858 1.943276702  1.901373858.  1.84527870%
betatiogitheta)= 2.05
beta= 1.82 truebeta: 2
logitheta)= 1.0%
theta= 2,896 truetheta:2

log(-tegSir),

graphical test of sutibility of weibull dist.




1-F{t}-

Survival Curve S{t)
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Data set HO- 3b analysis:

SUMMARY QUTPUT

Regression Statistics

Multiple & 099722
R Square 099443
Adjusted R Square 0.99439 .
Suundard ot 0.05783
Observations 100

\

F Significance F
Regression i 5897061 58,7701 17558.781 13 7 3B68E-1 12 GIGNIFICARTI
Residual 98 03280 00033
Towl 59,0981

Coefficients Standard Error 1 Stat p-value Lower 95% Upper 95%

I TR o lxik\la\l;\i\lkl\i
Intercept 080247 0.01002 800577268 318873891 6.78257 0.82236
X Yaeiable 1 0.8302} 0.00627 132509551 i 23868151 12 081178 0.54264

tog(theta)™ (1.8025 . loylirie theta): ~.oomm_mmmc
theta= 22310 pue thetal 3
stope= 0 §30209795 slope should bet i

Graphical 1est for suitipllity of mxﬁozm:.._a dist.

i gurvival Curve - s{tEt-FlY gstimate
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0 5704552 o .
0 5EBERIRE T T
052717072
[ EE55TBAS
055416524 .




SUMMARY QUTIUT

Regression Stalisiics

Duater sei no. f analysis:

|
M
H
ﬂ
i

Muitiple R 0.93637
R Square 0.91503 ’
Adjusted R Square 091416
Standard Error 0.17522
Observations 100
ANOVA
df 55 MS F Significance F

Regression i 32.403 32403 1055340763 3 H7245E6-54 SIGNIFICANTI
Resudual 98 3.069 .03t
Total 99 35412

Coefficients Standard Error t Stat P-value Lower 95% Upper 95%
Intereept -E.1407 0.0416 -27.4503 8.351378-48 -1.223 -1.058
X Vueiable | - 0.6163 00590 32,4860 2873451554 G574 0.654
log{ihcta)s= -1.14G7 Tfog(lrue theta) 1.098612289
theta= 0.3196 true theta: 3
slope= 0616452326 Slope should be: i
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22

a

a

01445308
002490616
004335624
005751232
orzes
D.0B571548 1
0.40117156 ]
0.11352454
04445308
©.15396388

21734385

01875004

013007772

020734312

02157962

D.23124928

026015544

§.2830516

0.30351488
0.31765776
0.53242084
$.346873%92

0.381327

Graphlcal test for sultibillty of exponeniiai dist,

iogidtog S}

togi




Data set no. b analysis:

SUMMARY OUTPUT

Regression Stalistics

Muitiple R 0.99370 .
R Square 0.98743
Adjusted R Square 0.98730
Standard Lrror 0.08412
Observations 100
ANOVA
df 58 MS F Significance F

Ruegression 1 54 4887 344887 7699 489848 3.91837E-95 SIGNIFICANTIL
Residual 98 0.6935 0.0071
Tota 99 . 551823

Coeflicients Standard Emor I Stat F-value Lower 95% Upper $5%
Intercept (14503 0.0143 -31.4393 5.38653L-53 -0.4787 -0.4219
X Variable | 0.7994 0.0091 81 M67 5.91837k-95 0.7413 08175
log{lhetay= -0.4503 log{true theta): 1098612289
thetas 0.6374 true {heta: 3
stope= 079936755 Stoge should be: {

' Survival Curve - S(t}=1-F{t) estimate
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SUMMARY QUTPUT

Regression Stalistics

Data set 1o, 5 analysis:

Multipie R 0.9966841%
R square 0.993379374
Adjusted R Syuare 099331632
Standard Error 007169205
Ohbservations Loy
ANOVA
df 55 MS F Significance F

Regression 1 80.97433093 8(G.97433093 £5754.3267 TOB2VE- 116 SIGMNIFICANTIL
Residuzl 103 (535673765 0.005134735
Total 106 81.5140047

Cosefficients Standard Egror t Stat P-value Lower 95% Upper 95% Lowar 95 000% per95.000%
Intercept 1.004363168 0.009671069 103.8738961 §.4242E-107 0.98538952 1.023741206 98538953 [ 023747
X Varuable | 0938671000 0007478435 1255170375 308276116 0923842635 0953499366 0.923842635 0953499
log(thela)= 1.0044
thetaz 27307 true theta; 3
slope= 0938671601 should be |
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SUMMARY QUTIUT

Regression Stalistics

Datce set o, 5 analysis:

Multiple R 0.9978} .
R Square 0993562 |
Adjusted R Square 0.99357 :
Standurd Ereor 005677
Cbservations 100
ANOVA
df 58 MS F Significance F
Regression | 71.76868349 71.76868349 2227116338 220496417 SIGNSFICANTIN ’
Residuad 98  0.315804353 0003222493
Tatul 9% 7208448785
Coeflicients Standard Error t Stat P-value Lower 95% tipper 95%
Inlercept 0.9939 0.0097 102.8418 §225T7E 104 0.97476 101312
* Varizhle | 09174 0.Ga61 149 2333 220498117 90524 092964
log(hetay= 0.9939 log(trae theta): 1098612289
theta= 2.7013 true thela; 3
slope= 0.917438636 Stope should be: 1
Survlval Gurve - S(1)=1-F{i} estimale Graphlca! test for suliibllity of exponential dist.
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