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I. OBJECT OF REPORT

The Marine Voyage Safety System (MARVSS) was conceived
and proposed by Commander, Coast Guard Pacific Area. The
concept of small vessel float plans had been previously
considered by the Coast Guard as a method of improving
small boat safety. There appears now to be enough interest
generated by the inherent value in the system to warrant

further consideration.

The Operations Analysis Branch, Commander, Coast Guard
Atlantic Area was directed to conduct a technical analysis
and feasibility study of the proposed float plan svstem.
The Coast Guard has a moral responsibility to do all
within its resources to improve small boat safety. The
adoption of a small boat float plan system would be a
step forward in providing service to the boating public.
However, if such a system were developes, the Coast Guard

would have assumed a degree of legal responsibility for the

safety of the boater. The degree of this legal responsibility

is unknown and was not considered in the course of this
study. The object of this report was only to determine the
poss ility and feasibility of adapting the Marine Voyage
Safety System (MARVSS) to a computer system.
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II. BACKGROUND INFORMATION

During the summer months of 1973, there were several
SAR cases involving small vessels that required the
expenditure of considerable effort with little results in
return. The typical problems were the lack of a satis-
factory description of the vessel in question, how it was
equipped, time frame of planned voyage and general infor-
mation of the planned track. Due to the fact that there
is no existing system of followup subsequent to departing
and often tardy notification of a possible overdue
situation, a search was not begun until a much later time
and the chance of success was substantially lessened. It
appeared that the time was now right for the Coast Guard

to develop and promote an active program of float plans.

The topic of small vessel float plans had been

previously addressed by the Commandant's Science Advisory

Committee and recommendations were made that the Coast Guard
consider such a program to improve small vessel safety. By
coincidence, Commander, Pacific Area had his staff devoting

some efforts in this same area with a view toward optimizing

benefits from search and rescue resources available to the

Coast Guard. The result was a formal proposal by Commander,

Pacific Area that the Coast Guard's passive stance in the
field of "Float Plans" be changed and that a more active
posture be assumed in the area of small boat voyage

following.
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III. PARTICIPATION

An important task envisioned within this study is to
determine the predicted levels of participation for various
modes of operation of a Float Plan system. To effectively
carry out this function, we must have current, accurate

information to support an informed decision-making process.

At the present time, information is available on the
number of recreational boats by states. The chief source
of this information is from the 47 individual federally
approved state numbering systems and from the Coast Guard
numbering records for other jurisdictions which do not yet
have federally approved systems; namely Washington, New
Hampshire, Alaska and the District of Columbia. 1In order
to accurately predict levels of participation in MARVSS,
in addition to the number of boats, we must also know the
total number of boat trips per year and the average

number of days per trip.

The number of recreational boats in the United States
have been increasing at an annual rate of approximately
7.4 percent in recent years. According to a recent lurveyl,

the total number of private recreational boats was estimated

1. KXemneth M, Bromberg, Determination of the Number of
Commerceial and Non-commercial Recreational Boate in the

U. 8., their use, and Selected Characteristice, Information
Concepte Incorporated, Final Report preparéd for: National
Marine FPisheries Service, U. S. Department of Commerce -
NOAA, Waehington, D.C.




to be 8,007,717 as of 31 December 1973. A breakdown of
this total by class size and region is shown in Table 1.

The estimated number of recreational boats by size
and location shown represent boats owned by residents of
the particular regions, and.do not represent boats used in
that area. For example, there is the possibility that
inland state boaters either transport their boats to
salt water areas or keep them permanently docked for use
in salt water. For the purpose of this study, this
possibility was assumed to be too low to be significant.
The rationale for this decision was the belief that
"salt water states" would have a greater proportion of
their recreational boats used for salt water use than
would the inland states. Also, since we will be varying
the levels of participation, this was not considered to
be a critical factor. The decision to be concerned only
with salt water boats was based primarily on the concept
that MARVSS would be used primarily for off-shore voyages.
If the system proves beneficial, it can easily be adopted

for inland rivers and lakes.

The total number of salt water boats was estimated to
be 4,573,193 or 57.1 percent of the total recreational boats
in the continental United States. Of this figure, 2,919,327
or 63.8 percent are less than 16 feet; 1,467,487 or 32.1 per-
cont'are 16 feet in length but less 26 feet; and 187,379

or 4.1 percent are 26 feet or greater.

4
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The study prepared fdr the Natibnal Marine Fisheries
Service also gives an estimation for the total number of
boat trips per year and the average number of days per
trip. Based on a sample of 587,929 boats, the following

table was extracted from information provided in the

study.

SIZE/CLASS TRIPS PER YEAR AVERAGE TRIP LENGTH
(days)

Less than 16 feet 11.6 1.0

16 feet but less 17.6 1.15

than 26 feet

Greater than 9.9 1.34

26 feet

TABLE 2: Estimated number of tripe and average trip
length for recreational boats.

A maximum level of participation, if all recreational
boaters participated in the system, would be in the
vicinity of 60 million float plans per year. However,
it is anticipated that if such a system were available
to the marine community, only a small percentage of the
boating population would use it. Therefore, a more
realistic estimate on the number of float plans that might
be submitted during the course of a year would be in the

range of 1 to 10 million.
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IV. FORMULATING THE PROBLEM

Several thousand vessels that are not participants
in the Automated Mutual-assistance Vessel Rescue System
(AMVER) sail the waters of the United States or make
extended voyages between ports of the United States or
sail to nearby countries. Any of these vessels are subject
to difficulties that are beyond their capability to resolve;
and may require assistance. The Marine Voyage Safety System
as conceived by Commander, Pacific Area is intended to
provide information to the cognizant SAR Coordinator in a
timely manner in order that the vessel may be located and

assistance can be rendered.

A vessel would be deemed a participant in MARVSS when
vessel characteristics have been submitted to the Coast Guard
and a vessel Float Plan(FP) 1s sent to the Coast Guard
upon departure. This system would use the volunteer feature
that is employed by the Federal Aviation Administration in
its flight plan system serving the general aviation community.
According to the plan submitted by COMPACAREA, voyages would
be divided into two categories:

(1) A vessel departing and returning to the same port
within 24 hours may file a float plan with the nearest
Coast Guard activity. These voyages shall be considered local
operétions and will be followed by the appropriate Coast Guard

groué commander. No further communications would be




'

anticipated except in the event of an emergency or when
terminating the float plan upon safe arrival in port.

(2) A vessel departing on a voyage of 24 hours or
more duration or more than 100 miles may file a float
plan with the nearest Coast Guard activity for further
transmission to the MARVSS Center. Daily position
information will be accepted by any radio-equipped Coast
Guard activity and forwarded to the MARVSS Center. The
float plan shall be terminated by the boat operator by
notifying the nearest Coast Guard activity to the destina-
tion. Voyages terminating in a foreign port may be closed by
radio if Coast Guard communications are available, or by
the fastest telephonic means on a collect basis to the

nearest Coast Guard activity.

Although not a requirement for participation, it would
be advantageous to the participants that their vessel be
radio-equipp.d for the type of voyage planned. The ability
to communicate would permit the submission of daily position
information to the Coast Guard as well as the determination

of SAR assistance need in times of emergencies.

To determine the possible alternatives, we must first
look at the system as proposed by COMPACAREA. The vast

majority the boating population that would use a float

-
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plan system would be in the first category, or vessels
engaged in local operations. The amount of additional work
at the local unit and/or group command which would be
generated by the implementation of a float plan system would
be difficult to forecast, but is presumed to be considerably
large. In most areas of the continental United States,
boating activity is heavily influenced by the season of the
year. The amount of work at the local unit and group
command is already directly affected by the amount of

boating activity in that area. A float plan system will in

itself generate more work for the local commands.

According to the proposal, vessels departing on
voyages of more than 24 hours or more than 100 miles would

file a float plan that would be transmitted to a central

MARVSS Center. This concept would be similar to and
complement the AMVER system. Whether it be for local or
coastwise voyages, the concept of a centralized float plan

% 2. file lends itself to automation thru computerization.

The initial step in establishing a Marine Voyage Safety

System would be the development of a computerized recreational

boat file. Whether the participant intended to use the float

.

plan system on local or coastwise basis, a centrally located i
i

boat file that can be accessed by various Coast Guard activities ;
:

|

via telephone or teletype would be necessary. All prospective

participants would be required to submit vessel description

[ —

TR A M A A R T T SIS R S ¢




s

-

.y

e L U e MR R T

and characteristics, including the type of communications,

propulsion, navigation and survival equipment on board.

To develop such a file, it would be necessary to sell the
idea of float plans to the boating public. Although the
majority would agree that the concept of float plans would be
a benefit to small vessel safety, many boaters may fear that the
computerized boat file would infringe on their individual
rights as citizens. The public reaction to the float plan
system would become evident while establishing the computerized
boat file. Since boaters would be required to have pertinent
data on file before they were allowed to participate in the
float plan system, the file would give a good indication of
possible levels of participation. Once the system was
established, an important point would be the ease in which
boaters could put information on file, or change boat data

already on file.

One method of actually completing the boat file would
be the wide distribution of vessel information forms to be
filled out by the boat owners and then returned to a cen-
tralized center. Here they would be coded and placed on
computer cards as input to the computer. A second method
would be the use of "800" WATS telephone numbers where the
boat owner:may call the Coast Guard central MARVSS Center.

The operator working at a terminal would input the boat

A ST e 4 R RO B e R OASRRBEENST A TR AT o e
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information directly to the computer. Another possibility
would be the use of local telephone numbers manned by a
special staff set up as a data collection point. The
telephone costs for the regional collection points would

be less than those for a centralized collection point.

There are two methods by which the small boat owner
or operator can file a:float plan. The two means of
communications readily available to the boating public
are radiotelephone and public telephones. Using the
radiotelephone, the boat operator would file his float
plan with the nearest Coast Guard activity for further
transmission to the MARVSS Center. This method would
place a heavy burden on the local commands if all boats
were radio-egquipped. However, according to a recent
surveyz, only 6.2% of the recreational boats registered
in the continental United States are radio-equipped.
Therefore, this method of filing float plans would eliminate
the vast majority of boat operator from participating in

the system.

A second method would be the use of toll free "800"
WATS telephone numbers. The boat operator would call the
MARVSS Center and file his float plan prior tc¢ departure.

2. Recreational Boating in the Continental United States
in 1973; The Nationwide Boating Survey, prepared for the
U. S. Coast Guard, Office of Boating Safety.

11




The operator at the MARVSS Center would input the float
{‘- plan directly into the computer via a CRT terminal. The I
boat operator would terminate his float plan upon his |
safe arrival in-port by recalling the MARVSS Center. This
method of communications with the MARVSS Center would be
readily available to all boat operators in almost every
location in the continental United States. This configuration ?

is the one considered to be most practical.

The computerized small boat float plan data entry
system will require a dedicated computer system capable
of processing simple computer programs. The system must
have a large amount of online storage which can be easily
expanded. For a centralized center, the computer must have

the capability to be interfaced with many CRT terminals.

s abdA

If more than one data collection point is utilized, the

computer must have the capability to batch process the
float plans from the regional collection points. The |

computer should also have the capability to process float

1 3 plans and additions or changes to the boat data file

simultaneously.

Four computer system options would be available if

the float plan concept is adopted. The first option would
be utilization of the Coast Guard computer svstem. Because
the MARVSS data entry would require a full time system, the
prcs‘ht Coast Guard computer could not provide all the
necessary service required to maintain a float plan system.

‘ 12
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A second option would be to procure a small duplex computer

g to provide 100% availability for data entry, and to interface

with the Coast Guard computer for processing of the MARVSS

data. A third option would be the purchase or lease of a
2 completely independent computer system. The fourth option would
be the purchase of computer time from a computer software
K firm. However, most computer services firms aie not capable

of providing round the clock service every day.

A very important part of the MARVSS computer system
would be the type of computer backup provided. If the
computer system does not operate during a period of high
boating activity, the central site must have immediate

access to a backup system.

TRos If a small vessel float plan system is implemented,

the overall responsibility for the small boat safety will

remain with the cognizant district Rescue Coordination

Center. The MARVSS Center would periodically pass overdue
information to the RCCs. This information would then be
relayed to the local group commands for evaluation. The
final disposition of the case would then be reported back to
the MARVSS Center by the RCCs. In cases initiated at the

local level, the group or station could request information

on file for a specific boat. This request would go to the
RCC,-where it would be forwarded to the MARVSS Center. When

13
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a request for information about a specific boat is received
at the MARVSS Center, both the float plan and boat information
data would be provided.

Two methods of storing float plan information are
envisioned:

(1) Voice tape recordings of conversations between
operators and boaters, keyed on clock time and operator
number.

(2) Computer data files containing boat identification,
estimated time of arrival, time of initializing float plan

and operator number to allow access to voice tape.

There are two options available for passing information
between the MARVSS Center and the RCC. They are the SARLANT/
SARPAC teletype network or CRT terminals installed in each
RCC which have direct interface with the computer. The
SARLANT/SARPAC teletype network is already being used for
access between the RCC and the Coast Guard computer for
AMVER/SARP/CASP messages. Although this method has worked
satisfactorily, there are definite time delays that would
be eliminated with the terminals in the RCCs.

The total system considered in this study is shown in

Figure 1.

14




Figure 1:

MARVSS Data Collection and
Processing Syestem.
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V. A MATHEMATICAL MODEL TO REPRESENT MARYSS

The priliminary selection of a feasible Marine
Voyage Safety System was made after a review of the
communications methods, information and collection methods,
notification methods, response criteria, degree of centra-
lization and criteria for participation of the boating
public was completed. The designed system would consist
of a centralized computer center with a dedicated computer
used to maintain the boat data file and the individual
float plan file, along with the voice tape conversations.
The boat operator would initiate and terminate his or her

float plan via toll free WATS telephone services.

The collection and processing of float plan data by
local commands, such as groups or stations, was discarded
as impractical for the following reasons:

(1) Boating activity is seasonal, therefore local
staffs would have to be supplemented on a seasonal basis
even more so then is done now.

(2) In order to prevent saturation of communication
lines on weekends, separate telephone numbers at each group
or station would have to be installed, and even then there
would be no way to prevent spillovers to the regular
command phone numbers.

:The formation of waiting lines will be a common

phenomenon whenever the arrival rate of float plans exceeds

16
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the MARVSS Center capacity to serve the boating public. The
decisions regarding the amount of capacity to provide must
be made. Since it will be difficult to accurately predict
when boat operators will elect to use the system, the
decisions will be difficult ones. Providing too much service
would involve excessive costs. On the other hand, not
providing enough service capacity would cause the waiting
lines to become excessively long at times. Excessive waiting
lines also are costly in some sense, whether it be a social
cost, or the cost of lost "customer". Therefore, the
ultimate goal would be to achieve an economic balance between
the cost of service and the cost associated with waiting for

that service.

With the selection of a feasible system, it was then
possible to develop and test a model of the system. Through
simulation of user activity, the model calculates costs
associated with various MARVSS data collection configurations.
The model consists of a main program and five subroutines.
Input values concerning desired performance characteristics
of the system being modeled act as constraints, forcing
the model to calculate resources and their associated costs

to satisfy the constraints.

‘The following input variables act as designed constraints:
*(1) Maximum probability of waiting

(2) Expected wait time for customer who waits

17
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(3) Expected overall wait time'

(4) Probability of a busy signal

(5) Maximum allowable wait time

(6) Probability of occurrence of maximum wait time

(7) Service time

The main program of the model accepts and interprets
information concerning unit costs for services, system
capability constraints, system configuration and an
estimated workload distribution. The yearly distribution
of expected call arrival rates is calculated based on a
sample of 44,238 SAR cases involving recreational boats
during FY 1973. For each level of predicted yearly
participation, the main program calculates 24 call arrival
rates, one for weekdays and weekends for each month. Svstem
configuration, constraints and expected call arrival rates

are passed to Subroutine COSTIT.

Subroutine COSTIT accepts the information from the
main program and passes it to Subroutine SERVCOST for
processing. System constraints are printed prior to

returning to the main program.

Subroutine SERVCOST monitors the processing in
Subroutines WATSCOST and SERVER. Output information
computed by each subroutine is printed prior to calling

the nfext subroutine. The total cost for each collection

18




point is computed in Subroutine SERVCOST prior to returning

control to Subroutine COSTIT.

Subroutine WATSCOST calculates the number of telephone
lines required to meet the constraint on the maximum
probability of a busy signal by repeated calls to Sub-
routine QUEUE for each time period. This value is
returned to Subroutine SERVCOST. Utilizing the WCOST
entrypoint, Subroutine WATSCOST is passed the number of lines
and operators, then the cost for each time period is
minimized subject to the performance requirements by

establishing a mix of full time and measured time lines.

Subroutine SERVER calculates the number of operators
required to meet constraints on probability of waiting and 1
waiting time by repeated calls to Subroutine QUEUE for w®ach

time period. This value is returned to Subroutine SERVCOST.

Subroutine QUEUE is called by Subroutines WATSCOST
and SERVER. Statistical values derived from queuing theory
are calculated for comparison with constraints in the
calling subroutines. These values are statistics of waiting
times or busy signals which result from a particular number
of telephone lines or operators which act as servers in
queuing mathematics in relation to the workload distribution
representing "call arrivals". Both services times and inter-

arrival times are assumed to have a negative exponential

19




\ distribution. References used for the formulas used

in this subroutine are Bhat (1972)> and Martin (1972)%.

3. Bhat, U. Narayan, Elements of Applied Stochastice Processes,
John Wiley & Sone, New York, 1972

4. Martin, James, Systeme Analysie for Data Transmission,
Prentice-Hall, Englewood Cliffs, New Jersey, 1972

20
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Figure 2: Model of MARVSS System
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NO 9 T1=1.12
= QAXMOllnIJ°1;IIZ, LS
READ 100oSEDVPATEoTERNQATEoSPACEoSPPATE

PRINT 101+SFRVRATETERMRATE ¢ SPACE »SPRATE
101 FORMAY(

-21HOURLY WAGE PFR NPERATOR £4F10,477
 _=#0MONTHLY RATE PER TERMINAL_ L 24F10,477
-#0FLONR SPACE IN SO FT PFR OPERATOR 2eF10,477
— __ =#0CONSTRUCTION COST PER SO FT 24F10.42/
-) ;
RATE=SERVRATE/Z60,

— TFRMRATE=TERMRATE/43830 _

SPRATF=SPACF#SPRATF/2620R00,

READ ]OOoBMAXoFTOMAXoETHNAXoPLOSTQD“AXoP

T AR _PRINTQJOZ.BMAX-EJDMAX.ETHMAXsPLOSI:DMAx.P

102 FORMAT (

—_— = #DMAX _PROBABILITY OF WAITING — 2210 Lt/
- #FXPFCTED NELAY TIME FOR CUSTOMERWHO WAITS #,F10,47/
—— .= 2FXPFCTED NVERALL WAIT TIME —24F10,47/
- #PRORARILITY OF BUSY STGNAL 2eF10.47/
= #MAX ALLOWABLF WATT TIME —2aF )04/
= _#PRORARILITY OF OCCURRFNCE 2eF10,42/
=)
X=PLOST
22




e o .-
-

'AN(2,3) /MASTER INTEGFR WORD SIZF = 1 o ® OPTION IS OFF o O OPTION 1S

R N € 1317 5 G
10 READ ?OOOICONFQJCONF!NCOLPT
_IF(IFFOF (60) .EN.=1) STOP

READ 2024+ (FRAC(I)9oI=1eNCOLPT)

203 FORMAT(101IR)

READ 2039 (ISEAS(T)91=19eNCOLPT)
4 READ ?06’(71(1)1T2(1)0T1(1)'I l'VCOLPT)

204 FORMAT(3F10,0) ;

200 FORMAT(T8610A461I8)

20?7 FORMAT(10FR.5)

PRINT 20101CQNELJC0NF NCOLPTJ(IvFRAP(I)olsrA

-9 1= lONCOLPT)
201 FORMAT(

-*lCONFIGURhTION#OI]0//1!'10A4//

s =-16¢2 COLLECTION POINTS#,/ . s e MR 5
-2 COLLECTION PT FRACTTON SEASON TYDE TFLPDH’)Nr TARIFFS2//
=20(199F14,3,115,3F10.4//7))

NO 3 KKK=]NPART

EIER BOG BRI LeNEQERT - L e e T e
XPRNR=0.

SO L=T1SEAS(II]) LIRS GOt O 85 TS e o P B L 58
TRIPPRYR= PART (KKK)
CALLPRYR=TRIPPRYR#®#D,
DO 1 T=1.12

1 CALLPRMO(I)=CALLPRYR®XMONTH(I) e

IFIRSTHR=ITIME/100+1
IDU“'ITIME/JOO AL o
ILAQT“R°((ITI”‘/)OO.‘ID”“)"OO)’]
_K=IFJIRSTHR
L=TILASTHR
M=K=]
N=L
ot Y DO 12 I=KeL " o e O
12 XPQOP'XPROQQHOUR(I)
XMIN=( L-K).609
DO 13 I=1,17

E
g
i

el DO 13 J=1+7 . i o
13 CALLQATE(IoJ)'(C&LLDRMO(!)'DAYVE’K(J)'XPROQ)/(6 36:?3BOXM]N)
889 TFURMBTCE. - %)

PRINT 210+sCALLPRYR BT e L b
210 _FORMAT(® FSTIMATED NUMBFR _DOF CALLS PFR YFAR FQUALS _®,F10,1) |
PRINT 999
—__ _PRINT _ 999
K=0
DO _6_1=1412
K=Ke+]
PRESESSIERt A '\ 1,4 & 9
NO 2 _J=1,+5
PR TR, EN(K) EN(K)QCALLRATE!I:,D_ -
EN(K)=EN(K) /S, #FRAC(ITI)
K=Ke]
EN‘K’:OO
NO S i=6.7
5 EN(K):EN(K)oCALLQATE(!oJ’

Ao




AN (2.3) /MASTER INTEGER WORD SIZF = 1 o ® OPTION 1S _OFF « 0O OPTION 1€

 EN(K)=EN(K)72.®*FRAC(IIL)
6 CONTINUE

__CALL _COSTIT (24 TIMEsENeETSsRATE 9BMAX sETDMAX s ETWMAX s X5 T 9P s TERMRATE s
=SPRATFeTOTALsTY(ITT)oT2(TTT)oT3(II1))

= *
COSTOT (KKK)=XTOT
SR 5 501 1 e
GO TO 10
END CROER N et

5ASI FORTRAN DIAGNOSTTC RFSULTS FOR FTN.MAIN

—_NO ERRORS

-
il A ARy TN o
24
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‘AN (2,3) /MASTFR

INTEGER _WORD SYZE = ] o ® OPTION 1S OFF o O OPTION IS

___ _SURROUTINE COSTIT(NTsTIMEsENJETSsRATE+BMsETOMAX+ETWMAXeXsToPoTERM,

=SPeTOTALT1eT2.73)

_DIMENSION TIME(12)+EN(12)sETS(12)

CALL SERVCOST(NToTIME+ENETSIRATE 9RMoXsETDMAX oFTWMAX 4 TOTAI 9ToPy

=TFRMySPsT]1972+73)

10 FORMAT(I2/100(3F8.0/))

_ PRINT 304RATE»BMeXoETDMAX9ETWMAX o TOTAL

30 FORMAT (20RATE= i 24F20,5/
Sl T e #20MAX PROBABILITY=  #,F20,5/
- #20PRNB NOF LOST CUSTOMER #9F20,5/
- #0DELAY TIME= #:F20,5/7
- #0TOTAL WAIT TIMF= 24,F20,5/ s
4 A SR 20TOTAL COST=_ #4F20.5/7 3
RF TURN
SR END BRI Tl Sty

3AS1 FORTRAN DJAGNOSTTC RESULTS FnR COSTIT

NO FERRORS S e %

JENCED STATFMENT LARELS

25
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AN(2,3) /MASTER INTEGER WORD SIZE = ] , ® OPTION IS OFF o+ O OPTION 1

_SUBROUT _TNE_SERVCOST (NT,TIMEyENIETSeRATE BNy X o ETAMAXSETWMAX s TOTAL 5
OTOPQTFRMQSPOTIQTZOT3)

 DIMENSION TIME(1)sEN(1)<ETS(1)
HIGH=0,
DO 9 I=]4NT G .
IF(FN(I)®ETS (1) LT, HIGH) GO TO 9
HIGH=FN(I)®FTS(1)
NH=1
9 CONTINUE
1=1
ACALL_HAISCOS!JEN1114215111411581NHJJ£ISJNH¢420314L¢IJJ
«FTWMAX oNFTL)
—__ PRINT 10s1el +RATE
10 FOOMAT(tOSUﬂQOUT!NF SERVCOST#e3Xo2TIMF PEP!OO#.!!O.#
~ =ING2+710s2 WATS LINES#/72 OPERATOR RATF2eF10.427)
JTYFRM=0
JOYAL =0,
DO 1 T=],¢NT
— _CALL SERVER(RM oEYDMAX.ETHMlXoEN(I)oFTS(!147494”}
caLL UCOST(FN(Y)oETS(!).XoEN(NH)oETSGNH)oCnGTo!.TI.T?QYlgquTHMAXo
——————=NFTL) -

PRINT ll011072971"”(1)QFTS‘I’.IO"’LONFTL'rﬂgT
._____Jl__fDRMAtJ!___45E100306151{J7‘2j

COSTOPER=TIME (T)*60,*RATE®M

PEAKs REQUIR

o aalely TOTAL=TOTAL +COSTOPFR
IF(M.GT,JTERM) JTERM=M
. _N=1ls2
N=Je2
JIFINLLT. 1) GO T0 )
TOTAL=TOTAL+COST
e ) CONYINVE .
TOTAL:TOTALoJTF°“'525960.'(TERM’] 1+SP)
P REYUIRN. - i M S PN SatE ) -
END

SASI_FORTRAN NIAGNOSTIC RFSULTS FAR SFRVCOST .

NO ERRORS

26
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5

)

WAN(2,3) /M NTEG R = .

Y ____SUBROUTINE VATSCOST(ETN.ETSQPQETNNA!sEISHAx:COSTnL.IJ:TZJIJ.H.__"_
=ETWMAX oN)
1 L=Lel

CALL OQUEUE (ETNMAXsETSMAX el 9 ToKsBoEWEQeETW,FT0.PTWGT

=ETNsPAGFKySNWeSOTW.SDTQ.PLOST)

IF(PLOST.GE.P) GO T0 1 e s
RFTURN

ENTRY WCOST
TIMF=FTN®ETS
__COST=T1®L « (FTN® (ETS+ETWNMAX) #43830=T2¢| )*T3

COST=AMAX]1 (FOST.T1 *L)
RCOST=1000000.

NO 2 N=1,L
LM=L=N S

XCO%T:IQ‘.O-.NO (TI'LM) ot (ETN’ (ETSOET“MA_X)‘N) *43R30=-TP*L M) *T3

__XCOST= AMAX_L(XCOSIJJ__Q‘QD.GNOII'LM)
1F (LN.EQ.O) . XCOST=1940.#N
IFEIXCOSTGT BEOSTY B0 WO @ - e
RCOST=XCOSY
i MM=N : et : e e e i R Bttt e
2 CONTINUE
___XCOST=BCOST By

N=MM { A
P bl IF (XCOST.GT.COST) RETURN R A i
COST=xCOSY
o b RN s e e

RETURN
END

3ASI FORTRAN DIAGNOSTIC RFSULTS FAR WATSCOST

—NO_ERRORS

27
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RAN(2,3) /MASTER INTEGER WORD SIZE = ] o ® OPTION IS OFF o 0 OPTION 1S

__SURROUTINE SERVER (AMAX 9 FTDMAX s ETWMAX o ENsETS o T4Po M)
M=FN®FTSe),

S S, C:LL OUEUE(FNOETSOJQL!S_:BQE_H;EOLEI!;EIQQP_IHGLLL‘MW’
-NTQ)

IF (R, E,AMAX, AND4E1D4LE‘EIDHAl4AND4EI!ALE4EI!”“¢‘~°A121.51‘L1‘2——

= «0R.P.F0.,0,)) GO TO 2

—_—__M=Me) il
GO 70 1
ot 2 CONTIMUE. A T B S0 ke TSR
c SRINT 20oENoFTQo"oToKoﬂoFUo>OQET-OEoQoPTVGooETﬂoDOGFKoQDUQShTHo ;
c -SpTQ |
20 FORMAT (£0EN #.F20,57/ |
i« - # ETS il s 2.F20.577 e |
» 2 M 2.120. 7/ i
AR A - R e S LS LYV
- 2 K #0120, /7
. - 2 R 2.620.5/7
; - 2 EW t.FZo ://
& it - 2 EQ i e ”-x.ﬂzo S/s
' - # ETw ¢.F20 S/7
i - - ¢ ETn —— —#4F20,5/7
- 2 PTWGT 24F20,577
- 2 ETn ___1.520,54{
- ¢ POGFK 24F20,57/
- ¥ ¢ Shw : 24F20,5/7/7 —
- 2 STV 24F20,57/ 3
i - ___ __#.SDTO Bk e 24F20,877 )
RFTURN
END

SAST rbérnan n!AGNOSTvc RFSULTS FAR SERVER

——NO _FRRORS

'ENCESQETATEnFNT LABELS _

bl » e \
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'AN(2,3) /MASTFR INTEGFR WORD GI7E = 1 o ® NOPTION 1€ NFF . 0 OPTINN 1<

QURIROUTINE NIENIF (EMeFE TS eMeTeKeRqFWeENFTW,
=FTNPTWAT oFTNGONGEX «SNWeSNTWeSNTAGPI NST) ! »
TF (Mol Vo) a0R FT R LF 00 eNReENCLF aNeeNR Tl TN oNP ¥ 1 TeN)IAN TD QY
R=FEN&FTS /M
!r‘ponTol.’ GO T0 R?
X=1,
N=M=]
F=],
X=0,
NN 1 T=)eN
F=Fa])
1 X=Xe ((M8R)®OT) /F
F=FoM
7=Ye (UER)OOM/F
Y=X/7
8=(1,=Y)/(]1,=ReY)
¥ FwW=aen/(],=R)
FN=FWeMaD
FTW=(Q/M)#FTS/()e=?)
FTN=FTWeFTS
PTWAT=R8F XD (M® (P=],)®T/FTS) ;
SPW=(1,/(]1.=P))12SOADT (ReDE(],+R=R&R))
ETN=FTS/ (M8 (] ,=P))
CNTw=FTNegNCT (Q8 (2,=R))
SNTN=FTNESNDT (R (2,=R) e (MoaD) 8 (] ,=R)0eD)
OL NST=(((MeD)®aN) /T) /7
W= ((MeR)eeM) /( (] ,=2)°F)
FN=1,
NO 2 T1=] K
IF(NAF M) RO TN 3
FN=FNu] : =
PAGFK=PNGFK4 (((MBR)B2T) /FN) /Z/(Xe ((MRD)a8])/((),=P)8F))
AN TN 2
I PNAFK=DNGFK e (((MER)&ST) /(FOMBE (TaM))) /(XoW)
2 CONTTIN:IF P
RETI)RON :
Qn PRINT O} !
Q] FNOMAT(# #880SIRRO0UTINE NUFIIE CALLFNA WITH TNVAI TN NATA#) |
RETIIONM §
R? PRINT RYR
RETIION
R FNDMAT (2 ®oac®acURIOUTINF ONEUF FOUND 'INSTARLE FANNTTINN, R=2.FQ,?
-)
ENN

SAST FORTRAN NIAGNOSTIC BFSULTS FAR ANFUF

-

“A FPIAREG
. (0
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VI. DERIVING A SOLUTION FROM THE HQDFL

To determine the estimated costs of implementing
MARVSS, the model was evaluated for one, two and three
regional data collection points. The selection of
location sites for these collection centers is an import-

ant decision in controlling total system costs. Because

WATS telephone service charges will be an overwhelming
consideration in any system in which they are used, the
g following items should be considerd:

(1) The regional collection point site(s) should
ndot be located in any state where a large number of calls
will originate. Calls originating within the same state
as the collection center are not covered by the WATS
service charges. This, therefore, eliminates all coastal
states as possible locations for the collection centers.

(2) It would be desirable to locate away from any
metropolitan center but within reasonable distance of

equipment service personnel.

The WATS service charges used in this study were the
rates that were in effect during November 1974. The
model employed the concept of both full time lines and
measured time lines. During January 1975, the telephone
company requested a rate increase. If this request is

approved, all WATsflinol will become measured time lines.

30




The fixed cost of these measured time lines will be
approximately the same as the former cost of a full time
line, however, the number of hours covered by the fixed
cost will be increased from 10 to 240 hours.

For the above reasons, the site selection and
associated telephone services as shown in Table 3 were

used in the evaluation of the model.

Number of Site Monthly charge Monthly charge
collection locations for full time for measured
points line time line
1 Oklahoma City $1940.00
2 West Virginia $1600.00 $320.00 for
Nevada first 10 hours
$24.10 for each
3 Pennsylvania $1300.00 additional hour
Tennessee
Nevada

TABLE 3: WATS Telephone Serviece Charges

The number of float plans received at each collection
point was based on the percent of the estimated total
recreational boats in the area covered by the collection
point. The area covered and the percent of float plan

received at each collection point are shown in Table 4.

31
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Number of Site Regional Percent of
collection locations area float plans
points received
1 Oklahoma City Continental US 100
2 West Virginia Atlantic and 78
Gulf Coasts
Nevada Pacific Coast 22
_—— e
3 Pennslyvania North Atlantic 37
Coast
Tennessee South Atlantic 41
Coast
Nevada Pacific Coast 22
TABLE 4: Expected distribution of calle at each

collection point.

The number of terminal operators required to
maintain MARVSS varied throughout the year as the amount
of expected boating activity varied. The model determined
the personnel cost by employing only the required number
of operators necessarv for each time period. The wage rate
for these operators was set at $4.00 per hour. This rate
was the estimated rate to cover both hourly wages and
enployment benefits.

The monthly rental charge for the CRT terminals was
set at $175.00. Like the monthly charge for the total
number of WATS lines, this charge must be applied during
each. time period regardless of the amount of activity.

L4
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The cost of computer services vary according to the
type of services required. To maintain MARVSS, the computer
must be capable of processing file inputs from many CRT
terminals simultaneously. The system must have a large amount
of on-line storage, which can be easily expanded. If
data collection points are separated, mini-computers may be
used for terminal control and/or control of transmitting
records to the central site for processing. The estimated
cost for a dedicated computer system for maintaining MARVSS
would be in the range of $1.2 to $1.5 million dollars. This
range allows for differences in system configurations. To lease
a comparable system would cost between $28,000 and $35,000
per month.

The total cost for a system such as this for the first
five years would be approximately 7 million dollars for an
anticipated participation level of 1 million float plans
per year. If five million float plans were submitted each
year, the estimate total cost for the required system
would be approximately 25 million dollars. A breakdown of
the total costs for the initial five year period is shown
in Table 5.

"
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VII. TESTING THE MODEL

The model was subjected to a technique known as
| A sensitivity analysis, which is cuite literally an analysis

of the sensitivity of the model to changes in its assumptions
1 or in the levels of its parameters. What we hoped to learn
through sensitivity analysis was whether a particular
assumption really makes any difference with respect to
the results yielded by the model, or the solutions and

inferences drawn from it, or whether the results, solutions,

and inferences obtained from the model were highly dependent

upon the specific values assigned to the model parameters.

2 iy The following inputs were considered to be desired
constraint parameters of the model and were used as base

data for cost comparisons:

(a) Estimated service time 1.5

(b) Expected wait time 1.5

(c) Expected overall wait time 0.5 1

(d) Maximum allowable wait time 3.0

(e) Maximum probability of waiting 0.1

(f) Probability of bust signal 0.01 J

(g) Service time 1.5 1
l
|

This analysis showed that the estimated costs of

implémenting MARVSS were mostly affected by the number of

35
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participants, estimated service time and the probability

of a busy signal. Of these, the number of participants

and estimated service time are the critical factors. The

number of participants must be controlled before any decision
> to implement can be made. Without this control, any designed

system could easily become unmanageable.

The method by which the MARVSS operator records the

float plan information would directly affect the service
time. For this reason, the concept of tape recording
all information as received was adopted. This method
would also play a vital role in the evaluation of the

float plan information for search planning purposes.

g' The yearly costs for the initial five year period,
as affected by the number of participants and estimated

service times, are shown in GRAPHs 1 thru 3.

The other constraint parameters, when varied, caused
only moderate changes in system costs. Only when the
probability of a busy signal was increased, did the model
change the system structure, i.e. reduction in the

required number of WATS lines.

Therefore, the number of participants, estimated
service time and probability of a busy signal play a

36




crucial role in the results yielded by the model. For

this reason, before MARVSS can be implemented, the values

for these parameters must be properly identified.
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VIII. SUMMARIZATION

Following the recommendation of Commander, Pacific
Area for the Coast Guard to implement the Marine Voyage
Safety System, the Operations Analysis Branch of Commander,
Atlantic Area was directed to conduct a feasibility study

and technical analysis of the proposed float plan system.

Summarizing the phases of this operations research
study, we have thus far
(1) Formulated the problem
(2) Constructed a mathematical model to represeﬂt
the system
(3) Derived a solution from the model
(4) Tested the model and the solution derived from

it and identified the critical input parameters

The final phase of the study would be the implementation
of a system based on the results of the study as approved
by the decision-makers. This phase is a critical one since
it is here, and only here, that the benefits of the study
are reaped. However, the purpose of this study was only to
determine the possibility and feasibility of adapting MARVSS
to a computer system. Therefore, before implementation can
be considered, a careful explanation of the results of the
study and how they relate to operating realities is

necessary.

-
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The designed system would consist of a centralized
computer center with a dedicated computer used to maintain
boat data file and the individual float plan file. 1In
keeping with the definition of a real-time system (each
transaction processed as it occurs), the boat operator
* : would initiate and terminate his or her float plan via

) toll free WATS telephone services. Each RCC would be

outfitted with a CRT terminal and printer. Upon noti-

fication to the RCC of an overdue, the rescue center
would call the appropriate MARVSS data collection center
and get a replay of the entire voice conversation between
the boater and the MARVSS operator, allowing the controller
to evaluate the accuracy of the float plan on file and the
degree of urgency in the particular situation.
- )

As previously shown, the cost for such a svstem, based
;f;f on 1974 prices, for the initial five year period would range

from approximately seven million dollars for one million

Sl participants per year to twenty-five million dollars for

five million participants per year.

The idea of a small vessel float plan system as
conceived by Commander, Pacific Area, if implemented should
be automated thru computerization. The task of trying to
maintain accurate records at either a local, district or
national level without the aid of computers would be

completely unmanageable. There are and will be considerations
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to be made, however, before final authorityvto computerize

MARVSS can be justified.

The adoption of a small vessel float plan system would
be a step forward in providing service to the‘boating
population. With the adoption of such a system; the Coast
Guard would assume a degree of legal responsibility for the
safety of the boater. Therefore, before the system can be
implemented, the question of legal responsibility should be

resolved.

The levels of participation of the boating public will
be dependent upon the size and classes of vessels allowed
to participate and/or the type of voyage for which a partic-
ular boat would be allowed to submit a float plan. Because
the level of participation is critical to the operation of
the system, controls over who will be allowed to participate
iq,MARVSS must be established and justified before

implementation.

The variation in the amount of boating activity; and
likewise the expected level~of participation in MARVSS, will
be an important factor in determining personnel requirements
for manning central site terminals. The required number of
personnel at the MARVSS Center will vary during the course
of the year. Although it would be desired that the number

-

43




|
|

—;——

PRI

of Coast Guard personnel at the center be minimal, there
will definitely be personnel management problems encountered
when trying to maintain a variable civilian work force that

will be required to work nights and weekends.

A high level of participation will also result in
a large number of false overdues or boaters, who safely
reach port and fail to call the MARVSS Center and terminate

their float plan.

The most important consideration as to whether or

not MARVSS should be implemented is the cost versus derived
benefit from such a system. The system designed by this
study was not based strictly on minimun cost figures. Some
alternatives were chosen because it was felt that operationally
they provided a more reliable real-time system. To determine
the possible derived benefit from such a system, a review

: of Coast Guard Assistance Reports for FY 1973 was undertaken.
During this per%od there were 1724 cases where the time
between the time of the distress incident and the time of
Coast Guard notification of the distress was greater than
9 hours. Of these cases, 774 or 45 % were overdues or
missing vessels. To what extent a system such as MARVSS
could have benefitted the persons in distress in any of

these cases isinearly impossible to determine.

-
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As is the case with most users of data processing
equipment, once their original applications are function-
ing well, they usually find other applications that they
want automated. For this reason, it will be necessary to
determine if all operational computer programs, such as
AMVER, SARP and CASP, could all be centralized into one

operational computer center with dedicated equipment.

-

If the decision was made to implement a small vessel

float plan system, it should be approached with the idea
of centralizing all operational computer programs on one
dedicated computer system. The computer terminals for the
Rescue Coordination Centers as outlined in this studv have

S

already been proposed ” by Commander, Atlantic Area for the

present day operational computer SAR programs.

§. Planning Proposal CAA-01-73, Computer Terminalse for
Rescue Coordination Centere (RCS GCPE-1100) dated 18 July
1973,

45
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CONCLUSIONS

The basic question dealt with in this study has been =--
Can a Marine Voyage Safety System be adapted to automation
thru computerization? The answer to this gquestion is Yes,
However, it is the opinion of this study that if the svstem
were implemented for all recreational boats, the result

would be an unmanageable management information system.

-

The primary reasons for this unmanageability would be:
‘.; (1) The lack of control over false alarm overdues,
that is, those boaters who safely complete their voyage
but fail to terminate their float plan. Only after such
a system were implemented could personnel requirements be
determined for manning rescue coordination centers to
provide follow ups to compute{ generated overdues.
2y Most recreational boaters havé a very flexible time
schedule, therefore many of the schedule trips are subject

to change without notice. Failure to notify the MARVSS

i;xf, Center of these changes would'probably be a common occur-

»

rence, since the boater would consider himself safe and in

no difficulty. As a practical matter, some kind of penalty

would have to be assessed to a boater who repeatedly fails
.{ to terminate his float plan in a proper manner.

. (2) For many local voyages, the concept of a real-
time system would be impossible to maintain. Although in 1

theofy the ideas sounds good, in actual practice many

-
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real-time computer systems have definite problems in providing

up to date information due to communication -delays.

(3) It does not appear that the cost of a system
for all recreational boats can be justified by the limited
benefits that such a system can provide. At present, there
is no evidence to show that if such a system had been in
effect during the last few years, that it would have had
any major effect on the outcome of Coast Guard search and

rescue operations.

47




TEST 1
Service Time 1.5
Maximum probability of waiting 0.1
Expected dclay time for custoumer whe waits 1.5
Expected overall wait time 0.5
Probability of a busy signal 0.01
Maximum 2llowable wait time 3.0
Probability of maximum wait time 0.05
- -y |
Participants g Collection # WATS Cost Total Cost
(il ene) P Pofne | lines ‘ Per Year
1 ! 1 38 _ 1,051,}2§ 1,051,322
' ;
1 1 12 304,900
2 31 790,261 1,095,161
1 1 12 286,750
2 18 408,405
3 19 437,626 1,132,781
2 1 67 1,947,798 1,947,798 )
2 1 20 495,614
2 54 h,635.710 1,931,324
2 1 20 463,050
2 30 706,500
3 32 755,195 1,924,745
48
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TEST 1

k
Participants Coliectien # VATS Cost t  Total Cost
(Millions) : Point 1 1“i'nee ; Per Year
l E et -

3 1 95 2,836,951 2,836,951
3 1 27 687,357

2 77 2,073,935 2,761,292
3 1 27 638,769

2 41 988,449

3 44 1,069,726 2,696,944
4 1 123 3,715,443 3,715,443
4 1 34 877,849

2 99 2,698,790 3,576,639
4 1 34 813,805

2 52 1,272,500

3 56 1,376,496 3,462,801
5 1 146 r,552.763 4,552,763
5 1 41 1,054,970

2 121 PB,336,715 4,391,685
5 1 41 981, 588

2 63 |,552,540

3 68 1,676,800 4,210,928
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Service Tiwme 35
Maximum prolbability of waiting 0.05
Expected delay time feor customer who waits p I
Expected overall wait time 0.5
Probability of a bucy signeal 0.01
Maximum ellowable wait time 3.0
Probability of maximum w2it time 0.05
Participants Collection # WATS Cost Total Cost
| (illions) Point_.........1ines i L Per Year
] 1 J@__2§~__{,051,322! 1,051,322
1 b 12 304, 900
2 3 31 790,261} 1,095,161
1 1 12 286,756
2 18 408,405
3 19 437,626 1,132,781
k.
2 1 67 . 1,947,798} 1,947,798
2 1 20 495,614
2 54 1,435,710f 1,931,324
2 1 20 463,050
2 30 706,500
3 32 755,195f 1,924,745 |
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TEST 2

{
i 1
Participants Collection # VATS Cost ! Total Cost
(Mw.i.onr-) e _Point ' lines ! t Per Yearx
3 i
‘. . 95_ | 2,836,951 ! 2,836,951
3 1 27 687,357
2 77 2,073,935 2,761,292
3 1 27 638,769
2 41 988,449
3 44 1,069,726 2,696,944
3 —— -~ ’. :> —.vn xr’a‘:qj;::‘;u..:x: ST '—f T W TNCT WA mmﬂmxv:i
: i
4 1 123 3,715,443 3,715,443
4 1 34 877,849 |
2 99 2,698,790 3,576,639
4 1 34 813,805
2 52 1,272,500
3 56 1,376,496 3,462,801
5 1 146 4,552,763 4,552,763
5 1 41 1,054,970
2 121 3,336,715 4,391,685
5 1 41 1,054,970
2 63 1,552,540
3 68 1,676,800 4,210,928
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Service Time

Maximum probability of weaiting

Expected delay time for customer who waits

Expected overall wait time

Probzbility of a busy signal

Maximum allowable weit tine

Probehility of maximum vait time

TEST _ 3

EEE

o |Oo
o |\
—

w
o

o
o
wv

Participants ,  Collection # WATS Cost Total Cost
(Milliens) ; Point 4 lines Per Year
1 [ 1 38 1,051,322 1,051,322
1 1 12 304,90
2 31 790,26 1,095,161
1 1 ] 12 286,75
2 18 408,40
3 19 437.626f 1,132,781
t
2 1 67 1,947,798
2 1 20 495,614
2 54 1,435,710f 1,931,324
2 1 20 463,050
2 30 706,500
A 755,195§ 1,924,745
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TEST 3

— R e A-\‘-—-“-“.“-:
Participants Collection # WATS & Cost t  Totul Cost 1

(Millions) Point lires | : Por Yeor
A At S BN ) o D WD PR W, L s AT A MBI .  WRAAGIONATS T i Mk I AWt ) e e . A

3 1 95 | 2,836,051 i 2,836,951
? 3 1 21§ 687:;;;~§ 2t
2 77 2,073,935 g 2,761,292
| F R i ma e : i et
3 1 27 638,769 |
| 2 41 988,449 |
: 3 44 1,069,726 ? 2,696,944

?

Y t
4 1 123 3,715,443 | 3,715,443

- >t —arewiy sy . R I ST

4 1 34 877,849 |
2 99 2,698,790 3,576,639
3 4 1 34 813,805
2 52 1,272,500
3 56 1,376,496 3,462,801

5 1 146 4,552,763 4,552,763

A AT - — T P W

5 1 41 1,054,970

2 121 3,336,715 4,391,685

5 1 41 981,588
2 63 1,552,540

3 68 1,676,800 4,210,928
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TEST_ &4 !
Service Time 1.5 i
Maximuwm probability cf waiting 0.1 |
Expected declay time for customer who waits 1.0
Expected overall wzit time 0.5
! 5 Probability of a busy gignal 0.01
Maxiwum allowable wait time 3.0
{ Probability of maximum wait time 0.05
.l - S
Participarts I Collection # WATS Cost Total Cost
BRI 5 4 L ) ISR RO, .. e ] ao ML
1 | ) 35 f0s6,3:1 1,056,311
1 1 12 312,413&
2 31 792,348 1,104,761
48 - 1 12 294,263
2 18 420,510}
: 3 19 450,566} 1,165,339
2 1 67 1,951,973 1,951,973 & ;
2 1 20 508, 554 5
2 s4  [1,439,885) 1,948,439 |
2 1 20 475,990
2 30 708,170
3 32 760,204f 1,944,364 1
S—
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TEST &4
Participants Collection # WATS Cost Total Cest
‘(Million::)‘ e P\'."}:nt lincs 2 Per Year ]
3 1
95 2,836,951 2,836,951
3 1 27 694,453 |
2 77 2,076,022 2,770,%75
3 1 27 645,866
2 41 992,623
3 44 1,073,901 2,712,390
4 1 123 3,717,531 3,717,531
4 1 34 882,859
2 99 2,702,964 3,585,823
4 1 34 818,814
2 52 1,278,344
3 56 1,378,583 3,475,741
5 1 146 4,552,763 4,552,763
5 1 41 1,059,145
2 121 3,336.715 4,395,860
# : 41 985,763
2 63 1,554,627
3 68 1,680,974 4,221,364
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Service Time 1.5
Maximum probability of waiting 0.1
« Expected delay time for customer who waits 2.0
: Expected overall wait time 0_5_
i Probability of a busy siznal 0.01
‘ Maximum allouchle weit time 3_0_
4 Probability of maximum wait time w
Participants Collection it WATS Cost Total Cost
s s BN G . SIS o IR (NG, SRR .. . . SO
1 o e '1_,051533} 1,051.332
3 1 1 12 304,90
t 2 31 790,26 1,095,161
1 1 12 286,7Sj
2 18 408,40
. 3 19 437,626 1,132,781
2 1 67 1,947.794' 1,947,798 :
2 1 20 695,6111
2 54 1,435,710 1,931,324
¥
2 1 20 | 463,050
2 30 706,500
- 3 32 755,191 1,924,745
;
; 56
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TEST__5

t
Participants Collection #waTs L cost Total Cest
(Milliens) |  Point lines ¢ Per Year
3 1
% 95 2,836,951 2,836,951
3 1 27 687,357
2 77 2,073,935 2,761,292
3 1 27 638,769
2 41 988,449
3 44 1,069,726 2,696,944
4 ! 123 3,715,443 3,715,443
- - N | U AT 4 T LRI M TORI A LD [ LRICS I G
4 1 34 877,849
2 99 2,698,790 3,576,639
4 1 34 813,805
2 52 1,272,500
3 56 1,376,496 3,462,801
5 1 146 4,552,763 4,552,763
5 1 41 1,054,970
2 121 3,336,715 4,391,685
5 1 41 981,588
2 63 1,552,540
3 68 1,676,800 4,210,928
57
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Service Time

Maxiwmum probability of waiting

Expected delay time for customer who waits

Expected overall wzit time

Probability of a busy signal

Maximum allowable wait time

Probability of maximum wait time

TEST__ 6

1.5

—
w

w o o
. . . .
o o ~N

(o w

o
o
w

Participants Collection # WATS Cost Total Cost
(Millions) ! Point o dines Per Year
1 1 38 1,032, 20 1,032,208
1 1 12 305, 13‘
2 31 779,374 1,084,501
1 1 12 289,30
2 18 423,153
3 19 447,453 1,159,919
2 1 67 1,897.404 1,897,408
2 1 20 505,43
2 54 1,402,13 1,907,571
2 1 20 476,450
2 30 705,387
3 32 755.551 1,937,396
58
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TEST 6
. | : MNa i
Participants } Collection # WATS | Cest : Totasl Cost
Lt R SR R T L |__res yeu
# A s A “. D R N e o i
3 1 95 i 2,743,099 2,743,099
r
3 1 27 { 680,918 |
2 77 ‘ 2,023,301 2,704,219
: | s
B 1 27 639,311
2 41 , 982,041
3 A I 1,052,463 2,673,815
s e S SIS S S R DT T S ST DY
4 1 123 3,587,144 3,587,144
e . T - ——— - e L amerre-r - .
4 1 34 858,710
2 99 2,632,657 3,491,367
4 1 34 804,067
2 52 1,250,708
3 56 1,357,788 3,412,563
5 1 146 4,385,360 4,385,960
5 1 41 1,044,608
2 121 3,247,720 4,292,328
5 1 41 976,272
2 63 1,528,742
3 68 1,658,615 4,163,629
59
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Service Time 1.5
: Maximum probability of waiting 0.1
Exjpected delay time for customir who waits 1.5
Expected overall wait tiwme ﬂs
¢ Probability of a busy signal 0.01
Maximum allevable wait time 3.0
' Probability of maximum wait time i-ﬂs
! Nkt
Participants Collection # WATS Cost Total Cost
Qifilions) ..k yolat. o s ey o B i
] E 1 ‘ 38 L 089,845 1,089,845
1 1 { 12 307,925
- 2 31 807,531 1,115,456
& 4 1 1 12 288,153
' 2 18 418,232
3 19 444,358 1,150,743
2 1 67 2,025,553 2,025,553
2 1 20 501,008
2 54 1,469,774 1,970,782
2 1 20 464,510
2 30 724,588
3 32 ' 773.341 1,962,439
60
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TEST 7
Participants Collection # WATS ¢ Cost z Total Cost
(Millious) Point lines ' J Per Year
3 1 95 2,931,665 2,931,665
¢ 3 1 27 705,141 ¢

2 77 2,130,737 2,835,878

3 1 27 “651,029

2 41 1,005,805
3 44 1,087,561 2,744,395
4 1 123 3,849,144 3,849,144

4 1 34 | 891,807
2 99 2,784,866 3,676,673

4 1 34 822,331

2 52 1,292,376
3 56 1,406,688 3,521,395
1 146 4,707,546 4,707,546

1 41 1,088,009
2 121 3,426,131 4,514,140

1 41 1,001,011

2 63 1,584,354
3 68 1,720,643 4,306,008
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TS _8
Service Time l_.'_)_
Maximum probability of waiting 0_}_
Expected delay time for customer who waits _}__—f’_
Expected overall wait time 0.5
: Probability of 2 busy sigual 0.05
Maximum alleowable wait time &
{ Probability of maximum wait time 0_(!?
i ‘
; Par;ic%p:nts t Collecticn # \.v'ATS Cost Total Cost
(Millicns) o dotne ___§f lines | Per Year
1 t 1 32 Lﬁ,002.61(.’ 1,002,610
: 1 1 10 290,50
| 2 26 751,51 1,042,023
4 1 1 10 : 272,35
= 2 15 | 386,92
: 3 16 414,58 1,073,865
; : !
2 1 59 1.875,994 1,875,998
2 1 17 473,65
2 47 1,375,44 1,849,102
2 1 17 440,73
2 25 667,84
3 27 T 715,47 1,824,050
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i i
Participants Collecticn # WATS | Cost {  Total Cost
i (I\‘:i}liqn;‘r ) 5 Point S ‘lineg 5 E Per Year
3 1 85 E 2,739,022 2.739,022
¢ 3 1 23 655.369
2 68 ! 1,991,208 2,646,577
; . -
, P B v n.-£
3 1 23 607,099
‘ 2 35 938,441
3 38 1,018,471 2,564,011
4 1 111 3,592,099 3,592,099
4 1 29 837,045
; 2 88 2,597,562 3,434,607
-3
' 4 1 29 773,445
2 45 1,213,441
3 49 1,317,005 3,303,891
5 1 136 4,447,169 4,447,169
5 1 35 1,006,203
2 108 3,215,499 4,221,702
5 1 35 933,152
2 55 1,484,842
3 60 1,609,247 4,027,241
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Service Time

Maximum probability of waiting

Expected delay time for custeower who waits
Expected overall wait time

Probability of a busy signal

Naximum allowalle weit time

Probahility of maximum weait time

TEST

0.01

Participants | Collection # WATS Cost Total Cost
TR 4 1.8 00001000 SOVRN AN - 1 | SRSVt SE. ... 30 WP jer yes
B e T t 1 ' 38 1,062,593 1,062,593

1 | 1 12 312,«14
2 31 793, 183 1,105,596
1 1 12 294,263
2 18 418, 84(
3 19 446.394 1,159,495
!
2 1 67 1,954, 06( 1,954,060
2 1 20 503, 544
) st | 1,440,724 1,944,265
2 1 20 470,981
2 30 709,001
3 32 762,291 1,942,277
64



TEST 9

: e -
f
Participants Collection # VATS | Cost E Totzl Cest :
(Hﬁilions) Y e r“~"2322£ Lo lines » Per Ycar .
‘ e Mt B W d B 7 I LV
3 1 95 } 2,839,039 2,839,039
3 ’ 1 27 | 696, 540
2 77 2,077,692 2,774,232
3 1 27 647,953
2 41 995, 545
3 44 1,075,988 2,719,486
« = e i
4 il 123 3,719,618 3,719,618
4 1 34 882,859} e
2 99 2,710,061 3,592,920
4 1 34 821,736
2 52 1,280,431
3 56 1,379,418 3,481,585
5 1 146 4,554,850’ 4,554,850
5 1 41 1,059,979
2 121 3,338,802 4,398,781
5 1 41 986,597
2 63 1,559,637
3 68 1,680,974 4,227,205
65
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' TEST__10
Service Timc 1.5
Maxiwam probability of weiting " 0.1
Expected delay time for customer who waits 1.8
Expected overall wait time 0.5
' Probability of a busy signel _0.01
Maximum allovable wait ‘time 4.0
' Probzbility of maximum wait time _0.05 1
| :
: Participants . Collection # WATS Cost Total Cost -
| Qiiltions) L Potnt lines . Rer Year
1 ‘ 1 ¥ 38 A]‘.,051,324 1,051,322
1 1 12 304, 90( j
2 31 790,261 1,095,161
. 1 1 12 286, 75(
2 18 408,405
3 19 437,62(# 1,132,781
b
2 1 67 1,947,79 1,947,798 :
2 1 20 495,61A
2 54 1,435,710 1,931,324
2 1 20 463,050
2 30 706, 500
: 3 32 755.191 1.924,745
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TEST__10

- el o
Participants Collcction # WATS % Cost Total Cost
e (‘I‘-!.il'lio_lﬂ_ o ‘E"qi.:lt O lines ' Per Year
3 1 95 2,836,951¢ 2,836,951
3 1 | 27 687,357¢
2 77 2,073,935 2,761,292
Prrosrscmy v st St Y ..
3 1 27 638,769}
2 41 988,449}
3 44 1,069,726 2,696,944
4 1 123 3,715,443 3,715,443
4 1 34 877,849 3
2 99 2,698,790L 3,576,639
4 1 34 813,805
2 52 1,272,500
3 56 1,376,49ﬁ 3,462,801
i R
5 1 146 4,552,761 4,552,763
5 1 41 1,054,97
2 121 3,336,71 4,391,685
5 1 41 981,58
2 63 1,552,54
3 68 1,676,8 4,210,928
67
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Service Time

Maximum probability of waiting

Expected delay time for customer who waits

TEST 11

Expected overall wait time 0.5
Probability of a bucy signal 0.01
Maximum allovable wait time e
Probability of waximum wait time 0.025
s ;
Participants Collection # WATS Cost Total Cost
— Qe b potne Lincs Per Year
1 | ) 38 [1,051, 324 1,051,322
1 1 12 309,49
2 31 790, 26 1,099,752
1 1 12 291,34
2 18 412,57
3 19 442,63 1,146,555
—
2 1 67 1,951,97 1,951,973
2 1 20 500,62
2 54 1,437,79 1,938,421 |
2 1 20 468,05 ‘
2 30 708,17
] 3 32 757,28 1,933,511 |
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TEST_11

[ 1 3
Participants Collection # WATS i Cost ; Total Cost
(Millions) Point lines ¢ § Fer Year
3 A 95 2,836,951 ¢ 2,836,951
3 1 27 691,531
2 77 2,076,022 2,767,553
3 1 27 642,944
2 41 990,536
3 44 1,071,814 2,705,294
4 1 123 3,715,443 3,?15.443
4 1 34 878,684 |
Z 99 2,700,877 3,579,561
4 1 34 814,640
2 52 1,276,674
3 56 1,378,583 3,469,897
5 1 146 4,552,763 4,552,763
5 1 41 1,054,970
2 121 3,336,715 4,391,685
5 1 41 981,588
2 63 1,554,627
3 68 1,680,974 4,217,189
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. TEST 12
Serﬂ.ce Time 1.5
' Maximum probability of waiting 0.1
Expected delay time for customer who waits 1.5
Expected overall wait time 0.5
- f Probability of a busy signal 0.01
Maximum allowable wait time 3.0
‘; Probability of maximum wait time 0.075
)
| Participa;\ts Collection # VATS Cost Total Cost
L (Millions) Point = lines Per Year
: 1 1 38____h,051,323 1,051,322
{ 1 1 12 304,900
2 31 790,26]1 1,095,161
-s‘ . 1 1 12 286,75
5 2 18 408,40
:’ 3 19 437,62 1,132,781
: 2 1 67 1.947,794 1,947,798
2 1 20 495,61J
: 2 54 1,435,710 1,931,324
]
E
2 1 20 463,050
2 30 706, 500
3 32 . 755,191 1,924,745
70
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TEST_ 12
Participants Collecticn # WATS Cost Total Cost
(Millions) i Point lines Per Yecar
. « . R )

3 1 95 2,836,951 2,836,951

3 1 27 687,357
'

2 77 2,073,935 2,761,292
3 1 27 638,769
2 41 988,449

3 44 1,069,726 2,696,944

4 1 123 3,715,443 3,715,443
4 1 34 . 877,849

2 99 2,698,790 3,576,639
4 1 34 813,805
2 - 52 1,272,500

3 56 1,376,496 3,462,801

5 1 146 4,552,763 4,552,763
5 1 41 1,054,970

2 121 3,336,715 4,391,685
5 1 41 981,588
2 63 1,552,540

3 68 1,676,800 4,210,928
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TEST__13
- Service Time 1.6
Maximum probability of waiting 0.1
Expected delay time for customer who waits 1.5
5 Expected overall wait time .
T : Probability of a busy signel ; .01
¢ Maximum allowable wait time .
h Probability of meximum wait time .05
A :
2 Participants Collection # WATS Cost Total Cost
: (Millions) Point lines Per Year
% 1 | ) 27 764,231 764,231
b 1 1 10 256,523
3 2 23 628,147 884,670
?} 1 1 10 256,59
2 13 "354,
# 3 14 380,96 992,409
2 1 48 1,402,&64 1,402,466
2 1 15 400,011
: 2 39 1,122,50
2 1 15 400,014
2 22 596,971
. 3 23 639,2717 1,636,263
i 72
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E iy TEST 13
=3
B
: Participants Collection # WATS Cost Total Cost
3 (Millions) Point lines Per Year
3 1 67 2,023,466 2,023,466
L 3 1 20 539,453 }
& 2 2y 1,606,979 2,146,432
§:
: 3 1 20 539,668
BE 2 30 850,074
2 3 32 908,780 2,298,522
32 4 1 86 2,633,282 2,633,282
33 4 1 25 687,339
’2 ‘ 2 69 2,091,283 2,778,622
=Y
A, 4 1 25 687,339
8.y 2 37 1,073, 644
X 3 40 1,165,164 2,926,147
5 1 105 3,242,469 3,242,469 |
: 5 1 29 827,858 !
i 2 84 2,567,787 3,395, 645
5 1 29 828,397 !
2 45 1,317,996 ,
3 48 1,417,427 3,563,820
|
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TEST 14
Service Time 2.0
Maximum probability of waiting 0.1
Expected delay time for customer who waits 1.5
Expected overall wait time 0.5
¢
| - Probability of a busy signal 0.01
| e
Maximum allowable wait tine 3.0
¢
: Probability of maximum wait time 0.05
\
Participants Collection # WATS Cost Total Cost
| (Millions) ! Point lines Per Year
1 1 48 1,33&,564 “+ 1,334,569
1 1 15 392,75
: 2 39 1,074,03 1,466,790
3 & 1 1 15 392,83
3 2 22 | 581,56
3 23 622,67 1,597,074
2 1 86 2,500,551 2,500,551
2 1 25 668,54#
2 69 1,989,591 2,658,139
2 1 25 668,60T
2 37 1,028,457
3 40 1,105,941 2,803,010
l
j
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TEST__14

S N A T

Participants Collecticon # WATS & Cost: f Total Cost
| (Millions) ' _ Point lines | ¢ Per Yeor
‘ E
3 1 i
4 123 . 3,649,285 » 3,649,285
. ! -
3 1 34 927,388
2 99 2,901,823 3,829,211
3 1 34 929,058
2 52 1,472,632
3 56 1,595,769 3,997,459
.-—'ﬂ ..\G""' T - D‘m4'~»"mlﬂwll.‘- T
4 1 144 4,641,406 4,?41,406
4 1 43 1,195,050
2 128 3,792,640 4,987,690
4 1 43 1,195,845 -
2 67 1,913,371
3 72 2,069,644 5,178,860
4
5 1 177 5,741,49 5,741,494
5 1 51 1,449,618
2 145 4,574,936 6,024,554
5 1 51 1,449,683
2 81 2,349,639
3 87 2,538,603 6,337,925
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