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The Marine Voyage Safety System (MARVSS) was conceived
and proposed by Commander, Coast Guard Pacific Area. The
Operations Analysis Branch, Commander, Atlantic Area was

• directed to conduct a technical analysis and feasibility
study of the proposed float . plan system . To determine

- the estimated costs of implementing MARVSS , a model was
developed and evaluated for one, two and three regional

• data collection point.. The study shows that the cost of
such a float plan system cannot be justified by the
Limited benefits that such a system can provide.
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• I. OBJECT OF REPORT

The Marine Voyage Safety System (I4ARVSS) 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 system.

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 developed, the Coast Guard
would have assumed a degree of legal responsibility for the

- I 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 -~i1ity and feasibility of adapting the Marine Voyage

• 

- 

Safety System (MARVSS) to a computer system.

e
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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
• postnre be assumed in the area of small boat voyage

• - following.

2



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. In order

- 
to accurately predict levels of participation in MJLRVSS,

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 survey1,

• the total number of private recreational boats was estimated

2. X*nn.th N. Bro~vb.rg, D.t.rmination of the lumber of
• . • Commeroiai and lon-oommeroiai RecreationaZ Boats in the

U. 3’e their use, and Seisoted Characterietios, Information
- 

• 
• Concept. Inooi’perated, Finai Report prepared for: Nationci

• Narine Fisheries Service, U. S. Department of Commerce -

- lO4A , Washington, D.C.
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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,~19,327

or 63.8 percent are less than 16 feet; 1,467 ,487 or 32.1 per-

cent are 16 feet in length but less 26 feet; and 187,379

or 4.1 percent are 26 feet or greater.

• _ _ _  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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The study prepared for the National 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  tri pe and average tri p• length f o r  recreationa l 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.

p.

•
~~~~~~~~: 
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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

k 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) is sent to the Coast Guard

upon departure. This system would use the volunteer feature

F 
- 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

operations and will be followed by the appropriate Coast Guard
• group commander. No further communications would be

H •

• t
• ~~~• ‘•• •~ .• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

• • • • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •• • •• ~~~~~~~~~ • •• • • • • •
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anticipated except in the event of an emergency or when

• terminatincj  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.
-:1.

Although not a requirement for participation, it would

• ~~• 

- • V be advantageous to the participants that their vessel be

radio-equipp~id 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

8



• 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 ANVER system . Whether it be for local or

• ~~~• coastwise voyages, the concept of a centralized float plan

• 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

• 

• boat file that can be accessed by various Coast Guard activities

via telephone or teletype would be necessary. All prospective

• parti’cipants would be required to submit vessel description

9



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 comoleting 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 M~RVSS Center.

• The operator working at a terminal would input the 
boatV



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-equipped . However , according to a recent

survey2, only 6.2% of the recreational boats registered

in the continental United States are radio—equipped .
F 

Therefore , this method of filing float plans would el~~inate

- 
•• 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

MARVS S Center and file his float plan prior tc. departure.

• 2. Recreational Boating in the Continental United States
• in 2173; The Nationwide Boating Survey, prep ared f o r  the• U. S. Coast Guard , Off ice  of Boating S a f e t y .

4 
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The operator at the MARVSS Center would input the float

plan directly into the computer via a CRT terminal. The

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.

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

L 
• - computer should also have the capability to process float

- : 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

b. utilization of the Coast Guard computer system. Because

the MARVSS data entry would require a full time system, the

present Coast Guard computer could not provid. all the

necessary ..rvic. required to maintain a float plan system.



7

A second option would be to procure a small duplex computer

F ¶ • to provide 100% availability for data entr y , 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

completely independent computer system. The fourth option would
- be the purchase of computer time from a computer software

firm. However , most computer services firms ate 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.

-: 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 RCC5. 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 M~RVSS Center. When

s~ -~~~~ -1•—- .: , ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ - ~~~~~~~~ — - •  -— ~ - -
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‘ a r.quest for information about a specific boat is recsivsd

at the )4ARVSS Center , both th. float plan and boat information

data would be provided.

Two methods of storing float plan information are

envisionedz

(1) Voice tape recording s of conversations between

operator, 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 S~BLM T/

- • - SARPAC teletype network or CRT terminals installed in each

- ~
- RCC which have direct interface with the computer . The

SARLANT/SARPAC teletyp. network is already being used for
• 

access between the RCC and the Coast Guard computer for

- AJ4VER/SARP/CASP messages. Although this method has worked

satisfactori ly , there are definite time delays that would

- 
• be eliminated with the terminals in the RCC5.

The total system considered in this study is shown in

Piguri 1.

.
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V. A MATHEMATICAL MODEL TO REPRESENT )~ RYSS

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
V

- , 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 co~wiOn

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 capaci ty 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 capacit y 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

V associated with various MARVSS data collection configurations.
• •

The model consists of a main pro gr am 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) Max imum probability of waiting

(2) Expected wait t ime 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

it rates , one for weekdays and weekends for each month. System

configuration, constraints and expected call arrival rates

- 

: - 
•
. are passed to Subroutine COSTIT . 1

• 

- 
-• 

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

competed by each subroutine is printed prior to calling

the rfext subroutine. The total cost for each collection

- 
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• 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 SERVE R calculates the number of operators

required to meet constraints on probability of waiting and

waiting time by repeated calls to Subroutine QUEUE for each
- 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
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distribution. References used for the formulas used

• in this subroutine are Bhat (l972)~ and Martin (l972)~ .

4-

V

- 
¶

- 
• 3. Bhat, (I. Narayan, Elements of App lied Stochastice Processes ,

• 
- John Wiley & Sons, New York, 1972

- 4. Martin, James, Systems Analysis for Data Transmission,
• - 

• 

Prentice-Hall, Englewood Cliffs, New Jersey, 1972

- •  - - 
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Figure 2; Mode l of MARYSS System
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VI. DERIV]NG ~ SOLUTION ~‘RQM THE )JQDEL

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
• following items should be considerd:

(1) The regional collection point site(s) should

nøt 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 linac. During January 1975, the telephone

company requested a rate increase. If this request is

approved , all WATS;linee will become measured time lines.
- S 

p

• 
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Th. fixed colt of these measured tim. 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 Viti. 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: VATS Teiep hone Service Charües

- 

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.

) - I7T~~~TTT; :H:Ili
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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

S 

- 

Nevada Pacific Coast 22

: • 3 Pennslyvania North Atlantic 37
- Coast

Tennessee South Atlantic 41
Coast

- Nevada Pacific Coast 22

- ‘ TABLE 4: Expected distribution of calls 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 necessary 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

en*ployment 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. tim. period regardless of the amount of activity.

32
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- The cost of computer services vary according to the

type of services required. To maintain MARVSS, tbe 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

- 

f ive years would be approximately 7 million dollars for an

anticipated participation level of 1 million float plans

- . ~ per year. If five million f loat 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 S. - -

5 

• 
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VII. TESTING THE MODEL

The model was subjected to a technique known as

sensitivity analysis, which is auite literally an analysis

• of the sensitivity of the model to changes in its assumptions -

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.

- 1• The following inputs were considered to be desired

1 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

• - Cd) Maximum allowable wait time 3.0

(e) Maximum probability of waiting 0.1

(f) Probability of bust signal 0.01

(g) Service time 1.5

This analysis showed that the estimated costs of
• 

• . implementing MARVSS were mostly affected by the number of

• 
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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 .

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

‘

LL ~~~~~~~~~~~~~~~~~~~~~~~~~~~
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• 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.

37
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- VIII. SUMMARIZAT ION

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.
LI

Summarizing the phases of this operations research
• . study, we have thus far -

— (1) Formulated the problem
- - 

(2) Constructed a mathematical model to represent

- 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
r

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.

41
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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. In

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.

• .*5

• As previously shown, the cost for such a system, based

on 1974 prices, for the initial five year period would range

- from approximately seven million dollars for one million

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 Ares , 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  

42
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to be made, however, before final authority --to comput.erize

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

1. the level of participation is critical to the operation of

the system, controls over who will be allowed to participate
• 

•

‘ in MARVSS must be established and justified before
— 

implementation.

The variation in the amount of boating activity, and

likewise the expected levell of participation in 1~1ARVSS , will

be an important factor in determining personnel requirements

• for manning central site terminals . The required number of

personnel at the MARVS S Center will vary during the course

of the year . Although it would be desired that the number
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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 period 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 S 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 is nearly 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 study have

already been proposed 5 by Commander, Atlantic Area for the

present day operational computer SAR programs.

5. ~ianning Proposal CAA -O 1-?3, Computar Terminals forRescue Coordination Centers (RCS GCPE-1200) dated lB July
19?3~,
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CONCLUS IONS

- 
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 question is Yes .

However, it is the opinion of this study that if the system

- were implemented for all recreational boats , the result

would be an unmanageable management information system.

The primary reasons for this uninanageabi]ity 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.

Most recreational boaters have a very flexible time

schedule, therefore many of the schedule trips are subject
- 

to change without notice. Failure to notify the MARVSS

Center of these changes would probably be a common occur—
- 

- - 
--- rence, since the boater woult~ 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

- 

- 

i 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
- 

- - theory the ideas sounds good , in actual practice many

46
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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.

• S
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lEST I

Service Tir’e 
- 

1.5

~axiriwn probability of wait ing 0.1

Expected delay t i r~~ for  custo~~’r who wa i t s  1.5

Expected ove r~ 1] wa i t  t i~m~ 0.5

ProbahiUty of a hu~y sign ~ ! 0.01

axi~ u~ ~.llo~~bli3 ~~~~ tiD’e 3.0

Prob i!ii! I tv of rna , :irnum waiL tirntj 0.05

— - • — —

Pa r t i c ipar ts  Collection ~: WATS Cost Total Cost

~~~~~~~~~~~~~~ 
PH-~ t lines 

____ 

Per ‘i~ ar

- 
I 

- 
38 l1,O51,32~ 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 , 947 ,798 1,947,798

2 1 20 495 ,614

2 54 L ,435,710 1,931,324

- 
- 2 1 20 463,050

2 30 706 ,500

- 3 32 755 , 195 1, 924 ,745
—5—- — - -— 

_
•_ . _ _ _ _ _________ -__________ __________ ______________________
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liii TIT IT TEST

1 1

Part ici p ant s  Collection J ~ t~ATS Cost Total Cost
(Mi llion !:) Point  l ines 7 Per Y r ir

— - -•- - -  ~~~~~R .  -~~~~~~~ —.-—. .a

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

3 
— 

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
—~~~ —— ~e.w .a-a-, .7. .-_ W  -sa _~ -— -~~~~~5aa--.r - _y~~ 

-—- -s

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

• ———--- -— — — —-—- •

iiiii__ 146 j4~552 763 4,~~ 2 T h 3

5 1 41 L ,054,970

- 

- 

2 121 4,336 ,715 4,391,685
- - -- _____-__- —

- 

• 

5 1 41 981,588

• -~ 
- 2 63 ,552 , 540

5 3 68 L ,676,800 4,210,928
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TEST ~~

- Service ‘1 ii~~ 1.5

M~xiinutn probability of wiitin~ 0.05

- Expected delny tir-!-2 Icr cu~torn~r whc vait~ 1.5

Expected overall ~-.‘z~it tii’~c 0.5

Probability of  a l~ sy si~;na1 0.01

- Maxir~uin allc ’~ ab1e ~-:ait t im~- 3.0

Probability of maxit~utt ~~~it  time 0.05

- 

- 

~~ ar ~~~~~~~~~~~~~~~~~~[T CtiJ  _
~~~11ic’r~~~~~~~~~~~~~ Fn4-’t .lir.e s f - -~~~~~~ Per Year

1 
_____ 

1 38 i,os;,322~ 1,051,322 1

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 67 - 1,947,798 1,947 ,798

2 1 20 495 ,614

- 2 54 1,435,710 1,931,324

• 2 1 20 463,050
- 

- 
2 30 706 , 500

3 32 755 ,195 1,924 , 745
— — --•--•——--__ r•---•----- . p __ -•__ -a—-—
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TEST 2

~~~~~ ~~ ___________ —— —
Participant’; Coll~~ t:ion ;-~ PLTS ~ Cost Total Cost
(Mill jonc) Pcl~ r I ~~es Per y~’’ 

-

______- - na---- ~~~~~~~~~ .fls. - -s

3 1 
- 2 , 836 , 951 2 , 836 , 951

3 1 27 687 , 357

2 77 2 , 073 , 935 2 , 761, 292

_ I _ __

- 
3 1 27 638 , 769 -

- 2 41 988,449
- 

44 1, 069 , 726 2,696 ,944
— — . , — — - ~a._ n -s•~ r.t, ~~~~~~~ an 9 a7 i tttfl

-~~~~~~~~ _ _  

.
_ J~~~~~L~~~~~L~~~~~J4 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
- -—-• -- — -- —— S -~~~

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

- 5 1 41 1,054 , 970
I-

- 
• 2 121 3,33b ,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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TEST 3

Service Time

Maximum probability of waiting

Expected delay tii~~: for customer who waits

Expected overall ~-.~~ j t  tir’c 0.5

Prcib~bility of a busy signal 0.01

- 

- flaxitnum al1c~~b1c ~:~it ti~~ 3.0

Probt~Ality of ni.~x i r -5Im uait  time 0.05

* - —-- -~~~~~~—-————.—- - -— •~~~~———~~~ —— — ----——-—— ~~~~~~~~ -

Participants 
. 

~ Collection # WATS Cost Total Co&t

- 
- 

- - - 

~~~~~~~~~~~~~~ 
I Po in t  s !

~~~~_r~~~~
_. Per Year

- 
- 

i 1 38 f1,051,32~ 1,051,322

1 1 12 304,90~
-~ 

- 
- 2 31 790,26 1,095 ,161

- 
- 1 12 286,75~

-: ~- 2 18 408,40~
- 3 19 437.626 1,132,781

- ~ . 2 1 67 1,947 ,798

2 1 20 495,614

2 54 1,435,710 1,931,324

- 
- 

2 1 20 463 ,050

- 

- 

- 2 30 706,500

- - 3 32 755 ,195 1, 924 ,745
-s-s — — ___ --— -- —

- 52 
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- 
TEST 3

—— - -__ .____— — _-___fl___ 5--- - -• - ~~~~ ___5-s . - a-. -

Participants C~l1ect- ion WATS Co~;t ToL-~~. ce~t(Mili loru. )  Poir’t I 1ir.e~ Pt-: ~c~-~-~- p
_ . n .  - . • _ ~~~~~ - - - — - ,_ -

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

3 1 27 687,357

2 77 2,073,935 2,761,292

__~~~~~~ r~~-._-_ -_ a - — — __.- _-

3 1 27 638,769
- 

- 

• 

2 41. 988 ,449
* : 3 44 1,069 ,726 2 ,696 ,944

_ _  _ 

3~ 715,443

4 1 34 877 ,849
- 

2 99 2,698 ,790 3,576 ,639

4 i 34 81.3,805

2 52 1,272 ,500

_ _  _ _ _  _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~

- I - - 

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

5 i. 41. 1,054,970

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

- 
I - 5 1 41 981,588

- 2 63 1,552 ,540

3 68 1,676,800 4,210,928

53
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- • TEST 4

Service Time 1.5

— Maximum probabili ty cf wait ing 0.1

Expected dclay t i l I e  fo r  custo~~ r who waits 1.0

Expected overall ~:~ it time

Probabi l i ty  of a busy sigri ~ 1 0.01

- Naxit~um al1c’~ ab 1e ~:ait t ine 3.0

Probabi l i ty  of ma:-:lmum wait  time 0.05

P a r t i c i p a n t s  Col lec t ion ~ WATS Cost Total Cost
- 

(Mflhio Poi ’~t l ines Per Year
~n - — 55 -~a ~~~~~~~ ~a_ -a~~~~~~ —

- _______I 
____ ______ 

j 
____ ~~~~ 38~~~~~., Q56 ,331t 1,056ç 331 

--

- 

1 1 12 312,413

2 
-— 

31 792 ,348 1.104,761

; 1 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

- 
• 2 54 1,439,885 1,948,439

- 2 1 20 475 ,990
- 

- 2 30 708,170
- 

3 32 760,204 1,964,364

54
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TEST 4

—— — __-a_ __———— ___ __ _____
- -c —— — — _____________________________

Participants Collection # WATS Cost Total Co~ .(Million!:) PL-iri t lines Per Year
~~~~~~~~~~~~~~~~~~~~~~ . -.~ .. ~~~~~~~~~~~~~ . an. .~ s s - • ~ a ,a. .a.  - &# .j - - a%Sa—&t~ —

— — f-— ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
3 1 27 694,453

-

- 
2 77 2,076,022 2 ,770,475

Sn __~~~~~_sJ-__ a awae~~ -, -~~~~~~~~~a. Sfl . —— —.5———.— —— — —

3 1 27 645,866
- 

- 2 41 992,623

- 

- 

I 3 44 1,073,901 2,712,390
. — —  — __________ — —  — 5.S5. 5. ..r.. -.-~~~~a-c rw.S.% - -. -- r - r r . S 3n —..~~~?’ ,’- -

• 4 1 123 3,717,531 3,717,531
-.- — — - .a  -5~-s~ r- ._5 - _ . - ---~~~~ Ifl tS -C

-: 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
- - -- -— — ~~-- - -S_- -.

• .r— -r .- - fl .7 S fla-se 5—- - ,rs en r —

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

- 
5 1 41 1,059 ,145

- • 2 121 3,336.715 4 ,395,860

-

- 

5 1 
41 985 ,763

- - 
- 2 63 1,554 , 627

3 68 1,680 ,974 - 4,221,364

55
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TE~ T_~~~_

- 
Service Time 1.5

• Maximum probability of waiting 0.1

Expected delay time icr custo~n~r ~ho waits 2 .0

Expected overall ~:-d.t time 0.5

Probab~1it’~ ef a busy si~ :i a1 0.01

Maxi~u~ a11o.-~chIe wc~ r. ti~:e 
3.0

* 

- 
- 

probabil ity of utax irnu -n ~.‘ait time 0.05

— — •r — — ..___ I — — _______________

- Partie~pants 
• 

Coilec~ion i~ WATS Cost Total Cost
• 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -. • _._~~~_~~. - 
i~~ _.__..._•___ . u..’.

-- ~~L _ - i_ L_ L?L. L , Q • ~~~~~~~~~~~~~~~_,

- 
- 1 1 12 304,90

2 31 790,26 1,095,161

1 1 12 286,75( 
——

2 18 408,40~
: ~- ~- 3 19 437,62( 1,132 ,781

- - — — 
2 1 67 1,947,79~ 1,947,798 

-

- - 2 1 20 495 ,611
• 

- 
2 54 1,435 ,71( 1,931, 324

- k

2 1 20 463,05(

- 2 30 706 ,50~

3 32 755,19~ 1, 924 ,745

56 

__________________

- • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - —. 
_ _ _ _ _ _ _ _ _ _
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TEST 5

~~~~~~~~~~~~

(NiI1ion’~) Po~’~t J 
lirte* Pt’r Year

1 
_ _  _ ‘ 95 2 ,83~~95i r 2 ,836~~~~ 

- --

3 1 27 
- 
687,357 (

2 77 2,073,935 2,761,292

.rW..q-S ~~~~~sS-r - - .-ff l . a aw .a 5 .  - — S— —

3 1 27 638,769

- 
2 41 988 , 449

t 

3 44 1,069,726 2,696,944
. — — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -. -~~

_.- .~ -~~— w- - - ,-~~~~. - . .~~~.,. ,. ~~~~~ - -s r 7 — - — -

~~~~~~~~~~~~~~~4 1 34 877,849

2 99 2~6~~~79O 3,576,639

4 1 34 813,805

2 52 1,272 ,500

3 56 1,376,496 3,462,801
- - — - - -- -a . -

r s_ — 
__ 

- - a. aatflfl .

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

5 1 41 1,054,970

- 2 121 j 3,336,715 4,391,685
.5—_S ___  -

~~~~

- 

- • 

5 1 41 981,588

2 63 1,552 ,540

- 3 68 1,676 ,800 4,210,928 

i::•iz~ T1 TT~
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TEST 6

• Sarv icl! Time 1.5

M~ximutn probability of waiting 0.1

- 

- Expected delay time for ct’stotuer who waits 1.5

Expected overall wait t ime 0.25

¶ Probability of a busy signal 0.01

1 Maximum allowable wait time 3.0

- Probability of maximum wait time 0.05

- 
.5—— — -—~~~~~~~~~~~~~~~~~~~— —— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- Participants Collection ~ WATS Cost Total Cost -

- 
• ~~Mflh1ons~~~~~ ? ____ 

Point lines Per Year
- _,__ ._ ___  - _p_-_ ~~~~~~~~~~~ -. .fl——t~~~~ —— -5- -

-~~~~ - 
— 1 —~~~~~~~~~~ 1 38 1,032 ,20 1,032,208

1 1 12 305,13

2 31 779 ,37 1,084,501

- (  1 1 12 289.301

2 18 423,15

3 19 447,45: 1,159,919

- 
- 

* — —  ——-----—— n__ — —

- 
- - 

— 2 
—, 

1 67 - 1,897 ,40~ 1,897 ,408 -

2 1 20 505 ,43:
— 2 54 1,402 ,13 1,907 ,571

- 

- I~ 
2 1 20 476,45

- 
- . 2 30 705 ,38

- 

- 3 32 755,55 1,937 ,396
• - — e-_--— • —-I — —-— — —

58
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- 
TEST 6

— 

Participants Collection ?~ Wfl ’S ~ Cost Tot~ l Co: - t .
(Mi llion~•) l!ne~ : Fer Yc~ra a .~~~~~ a W~~~~~~ - Se. “5 ~~sfl flj -S% • -  fle- • — -.••,• ~~~~~~~~~ - -a 5.—---,ae.s w.~~-

3 1 95 2,743,099 2,743,099

3

2 , 023 , 301 2 , 704,219

3 1 27 639,311

- 
2 41 - 982,041

- : - 3 44 1,052,463 2,673,815

L~~ _ _ _ _  _ _

~~~~~~~~~~~~~ 
( 3 ~~ 87444t 3

~~
87444

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—— - — —-—-5 —5-—--- , —

- 

5 1 146 4 ,385 ,960 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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- 
TEST____

Service Time 1.5

Maximum probability of waiting 0.1

Expected delay ti~~ for custoiuz.r who waits 1.5

Expected overall wait time 0.75

Probabil ity of a busy signal 0.01

Maximum a1J.c~- -~b le wait  time 3.0

Probabil i ty of maximum wait time 0.05

Partici pcn ts 
- Collection ?~ WATS Cost Total Cost

(~-~il 1~ ’ns~ roint 
_____ 

lir*c-3 Per Year

1 1 12 307,925

________________ 
2 31 807,531 1,115,456

1 1 1.2 288,1.53

2 18 418,232 
•

• 
- 

3 19 444,358 1,150,743

2 1 67 2~~~~ 3 

--

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
_ _ _ _ _ _ _ _ _ _  — - , —S--- -

60 
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5~~~

TEST 7 -

Particip~nt~ I Collcct ion # WATS ~ Co:t ~~~~TOta1 Cost
(~ i l1ionr~) j _ ~_yo~nt  l ines I Per Ye3r

a_. —— — a— —~ -- ~~~~~~~~~~~~~~~~~~~~~~~ —~~~~~~~~~~~ -- _-___~ ~~~•

3 1 95 2 ,931,665 2,931,665

3 
- —  - 

i f ~ 27 705,141 ’

-

‘ 
- 

2 77 2,130.737 2,835,878 

J
I~ 

— —__-e&-.__— .‘a~~—..- &r.a •~~~~ sr—-— —

3 1 27 651,029
- 

- 
2 41 

- 

1,005,805

3 44 1,087,561 2,744,395
• ___________ . —_—----—— - — .~~~~.- - aS a s r.. . . a . . . ,~~~ - - - -nMC SPW .qflflr -n

- 4 1 123 3,849,144 3,849,144
- S — ~~~~~~~~~~~~~ —_  __-___a~ — ~~~~~~~ * *  w ” a - i t- , . .

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

- _~~~~~~~S n  a~~~~~~ rS —~ —, __a . S -

5 1. 146 4 ,707 , 546 4,707 ,546

5 1 41 1, 088 , 009

2 121 3,426 ,131 4 ,514,140
-a- — .—

- 
- 

- 
5 1 41 1,001,011

2 63 1,584 ,354

- 
- 3 68 1,720,643 4,306,008

61

_ _ _ _ _  _ _ _ _  _ _ _  •
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TEST 8

Service Time 1.5

Maximum probabilit y of waiting 0.1

Expected delay ti : c for  customer who waits 1.5

Expecttd overall wait time 0.5

Probabi l i ty  of a busy  si~~;~il 0.05

Maxir -~un nlle:ablo ~ ait  ti~~ 
3.0

P r o b a b i l i ty  of r~- ; : i ~rim wait time 
0.05

* 
- — -- - -—— — — —

~~~~~~~~~~~~ 

— - - -

Particip~.nts Col]ectIc-n ?~ WATS Cost Total Cost
(~-:~ 1Hc-i ”~ _____ Polut lines Per Year

- .  -- ~~~~~~ __  A ae .—a-- —- .S- - - - - - a .  asS ~~ ne -

- - — 
-I---— - i 32 ~,002 ,6ic1~ 1,002 ,610

1 1 tO 290,50/

2 26 731,51 1,062 ,023

1 1 10 272 ,35~
2 15 386 ,92

— 3 16 414,581 1,073,865

• - 
— 2 1 59 l,875,99~ 1,875,998 

-

2 1 17 473 ,65:

2 47 1,375 ,44 1,849,102

2 1 17 440,73
- 

2 25 667 ,841

3 27 715 , 47( 1,824 ,050

— -— -a —  
_ _ _ _ _ _

62

- — - • •_ •_ ~ • - -
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- 
TEST g

~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 
-1

Participants Collec tJcn ~ U~~1S C~r t  Z Tota l Co~-t(~ i11ic,n ~~ Pain t li nr•r p~~- ‘~• c-~ r
- — ~~~~- -~ — ta—s a.~~~ .4— as - . _ — . - — ._S . .a ... — __ - - • • •  - -  _ _a_ .. ~

——  
I i I 8 5 ~~~~~2 , 739 . o22 

~~~~~
2 .739 ,O22

1
3 1 23 655,369

- 
2 68 1,991,208 2,646,577

- 
3 1 23 607,099

- 2 35 938 , 441

3 38 1, 018 , 471 2 , 564 , 011
- 

- -5-
~~~~~~~~ ~~~ - -~~~~~~~~~~~~~ ‘- ‘- - -_ -- -. -  - • na n aa.cfl • . V . A 3 ~~~~~~~~~~~~~~~~~~~~~~

— 4 1 111 3,592,099 3,592,099
- 

— - s a . -  — — - , nr -  - -
~ . -~5 - S  ta.fl ’-

4 1 29 837 ,045

2 88 2 , 597 , 562 3 ,434 , 607

-• 

- 
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

- S 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

63

- ----- ------- - 5 - —  •-- ---- --- - - - ----- —- 5 - - -  —- --- -~~~-- - ---—--- •—-- —--~~--~~~~ - - — - - -55_A
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__________ 
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TEST 9

Serv ice Ti~n~ 1.5

Maximum probability of wait in g 0.1

Expected delay tima for custe~ar who wnits 
1.5

Expected overall *.-ait time 0.5

Probability of a busy sign~1 
0.01

Naximum al1o~aLlc i~a i t  time 2 .0

Probabi l  i ty  of n~-i x i m ~ m wait  time

Part ic ipant s 
• 

• Collection ~ WATS Cost To tal  Cos t
- - 

• 
(Mu - ic ;~~ P o in t  lfr.es rc~r Yea r

:i: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
- 

1 1 12 312 , 41

2 31 793 , 18 1, 105 , 596

- .‘

~ 

1 1 12 294 , 26

2 18 418,84

3 19 446 , 39 1, 159 , 495

= ~~~~J ~IiI I6~Ii~~~4I~~4 , 06o
2 1 20 503 , 54

- 2 54 1,440,72 1,944,265

- - 2 1 20 470 ,98
- 

- 2 30 709,00
- 

3 32 762,29 1,942,277

— __________._—••-—-••-- —————S — —•—-----—------ —

64
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TEST 9

1i l l i t ’~~ ) P. ’int l 1i1(!5 I Pc r Y~~ r
- ans..a s.- - * — .5 sa. --. -’ fl 4 t  .tSflS * a ~~a aS S -.5- fl. ._ a._ 4

I
- 

3 1 95 2,839,039 2,839,039

3 1 27 696,540

2 77 2 , 077 , 692 2 , 774 , 232

2 41 995 , 545

_ _  _ _  _ _  

1, O~~~~~~~~~ 88~~~~~~~~~~~~~ 2~~~~~19 , 486

4 1 
- 

f 123 3,719,618
1 

3,719.618
fS -_— — —S-1 -~~~~~ s - _ S— ~~~~~~~ %_ - _

4 1 34 ‘ 882 ,859~

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 —--~~~~~~~~~ ---.- — -5—----— —- - —a.--

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 1,680,971 4,227 ,205

65
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TEST 10

Service Tir.c _1__5__

xiuam probabil ity of waiting - __Q_J__

Expected delay ti~- - for cti~ tonc-r who w3its

Expected overall *~ait time 0.5

Probability of a busy signal 0.01

Nax ii~~m a1ic’~’ah ie wait  -tine 4 0

Probability of maximum wait  time 0.05

Participants - Col l ection ~ WATS Cost Total Cost
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

•. 
i_&n5~~~~ _ •~~~~~~

__
~_ I_ 

__
~~~~~~~~~~~~

1_ 
—

____ ____  — 1_ ___•L 38 11,051,324 1,051,322

1 1 12 304,901

2 31 790 ,26’ 1,095,161

1 1 12 286 , 751

2 18 408 ,40.
• 

3 19 437 ,621 1,132 , 781

IT L I i~T 1,94L 79~ 1,947 ,798

2 1 20 495 ,61

2 54 1,435,71 1,931,324

- 2 1 20 463,05

2 30 706,50
- 

• 
3 32 755,19 1.924,745

66 

--— --- - - - ---5--5---~~~~~~~~~~~~~~~ -- - -



TEST 10

~~
t
~~~

P
~~~~~~

i ccIlicc
~~

on h 7 P L TS ~ Cost Total Cos~
(l-1i11ions~ Poii~t lines Per Yea r

* -: a.*aSC.ta ~~a-a~~~ - —— — - - —  . a - a . a-.. - a.aa —S,

______ I ’  ~~~~9 5 1 2 ~~36,951~ 2 ,83
~~

951
I

3 1 27 687 ,357

2 77 2,073 935 2,761,292

~~~~~~.se. ~~~~a~~~C ~~~~~~~~~~~~~~~ - ____________

3 1 27 638,769~
2 41

- 

• 44 1,069,726 2,696,944
e.~~~~~~~~~~~~~ — -——- - -_.a-. . 

- ~~- a .  * .  5 _ . __ a- -S*_-’.,_ - s a a .. J _  n _ f l  -

- 4 1 123 3,715,443 3,715,443
• 5 

~~~~~~~~~~~~~~~~~~ a r .  — — — -——- ---— — —  —.-~_
._ -.e. s~~~~~~flr - ________

4 1 34 877 ,849

- 
• 

2 99 2 ,698 ,790 3,576 ,639

4 1 34 813,805

- 2 52 1,272,50(

~
— . 3 56 1,376 ,49( 3,462 ,801

—— -- 

I- ~—-tI;6-
~ I F5E~T4~

5
~

6
~

5 1 41 1,054,97(

• 
- 

2 121 3,336,71r 4,391,685

• 5 1 41 981,58k

2 63 1,552 ,54(

- 

3 68 1,676,80( 4,210,928

67
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TEST 11

- Service Time 1.5

Maximum probability of wa iting 0.1

Expected delay time for customer who waits 1.5

Expected overal l wait time 0.5

Pr obabi l ity of a busy signal 0.01

- Maxim-in a1]o~:ab 1a wai t  tin e  3.0

Probability of maximum wait time 0.025

- —. — — —  -— - ——- -5  — —— - -

Participmt s 
- 

Collection # WATS Cost Total Cost

~Mi1l ion~) Point 
_____ 

lincs Per Yearas- — ~~~~~~~. s.. - ~~~~~~~~~~~~~~~~~ Sna -~~~~~~~~ aSS~~~~~~~~~ S ~~~~~~~ —— ~~~~ - —

- :i - 
— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i - 

38 L ,051,32~ 1,05~1, 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 l ,437 ,79~ 1, 938,421

- 2 1 20 468 ,05~
- 

2 30 708,17(
- 

3 32 757,28 1,933,511
—- _r__ ____ — ~~~~~~~~~~~~~~~~ -— - -5

68
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________________________

TEST fl

- -5- -~~~~~~~~~~ -___ _ _ _

• Participants Collection *~ WATS Cost 
~ Total Cost

(Millions) Poin t 1ine~ Fer Yea r
—— ~~~~~~~ - ~ ‘ ~~~~~~~~~~~~~~~~ -— —-a-- —‘————- ——-— .~~-.a~-• •a.——~na~~~~ — —

—

~~~~ 3 
- _ L~~~L~ L L  ~~~~3 1 27 691 531

2 77 2,076,022 2,767,553

_&4t 1a Ca.a. * , - - f l  — —_ -- — -

3 1 27 642,944 t
- 

- 

2 41 • 990 ,536
- 

- - 3 44 1,071,814 2,705,294
- — S— — —_ 

s~~~~~~a.-a’e-w - - ~~*S~~~~~S —_ - • *5-- a . n .~~~~~ _- -, _ %  .___ ._
~~~~~t___ __-._ -_--_-.— J-

- 
-
- 4 1 123 3,715,443 3,715,443

— 
. —- an ~~~~ n.  

~~~~~~~~~~~~~~~~~ f l - • T h a~~~~~~~~~ se

- 4 1 34 878,684
- 

2 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

- 6~

- -.. caa .~~. 5. ~ •. .‘ 5 “
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TEST 12

-

- Service Time 1.5

Maximum probability of waiting 0.1

Expected delay time for customer who waits 1.5

Expected overall wait time 0.5

- - Probab il ity of a busy signal 0.01

Maximum allowable wait time 3.0

Probability of maximum wait time 0.075

-

~~~~~~~~~~~ 

. 

-

~~~~~~~~~~~

_

~~~~~~~~ 

n-—  —— --

Participants 
- 

Collection # WATS Cost Total Cost
- 

- - (MflhionsL Point lines Per Year

-~ 

-- 

_ _ _  _ _  ~ o5~ 322 
-

1 1 12 304,90

-  2 31 790,26 1,095,161

-
~~ 1 1 12 286 ,75

2 18 4O8 ,40~
3 19 437,62~ 1,132,781

a— — _ _ _ _ _ _ _ _

2 1 
- 

67 - 1,947,791 1,947,798 
-

- 
2 1 20 495,61~

- 2 54 1,435,71~ 1,931,324

- 
= ~

- 2 1 20 463,051

2 30 706 ,50~
- 

- 3 32 - 755,19- 1,924,745

70 
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- TEST 12

- Participants Collection # WATS Cost Total Cost
- (1-lillions) Point lines ~ Per Ye-ar

- f l_  ~.aaw— ~- a v .— -—~. - - - - -  Sn .a....- t5.~~~~ — ___ ___s _ . ~~~~~
——— —

- 

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

- 3 1 27 687,357

2 77 2,073,935 2,761,292

I 
• - .

3 1 27- 638,769

- 2 41 988,449

3 44 1,069,726 2,696 ,944
- — —— ~~~~~~~~~~~~~ ~~~SW — ~~~_ -flS.t - -~~~~~~~ ttS, S .

4 123 3,715,443 3,715,443
- - — — — — - t— ~an a~~~~~~afl ~~~~~ n

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 -

, _________

-1 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

71 -
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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

- - Expected overall wait time 0.5

• - - Probability of a busy signal ‘ , 0.01

Maximum allowable wait t ime 3.0

Probability of maximum wait time 0.05

Participants 
- Collection # VATS Cost Total Cost

- 

- 
(~~ l l i o i~~~ Point lines Per Year

__________________ 1 27 
- 
764,23 764,231

- 1 1 10 256 ,52
— 

2 23 628,14 884,670
-1~-‘ 1 1 10 256 ,59

2 13 354;841
- - 

3 14 380,96 992 ,409

- 
- 

-- 

~

- 2 1 
— 

48 
- 

1,402,46 1,402,466 
-

2 1 15 400,01

- 
:: 2 39 1,122,50

-
, 

- 2 1 15 400,01
-

• 

- 

2 22 596 ,97

• 
-

• • 3 23 639 ,27 1,636 ,263

_ _ _ _ _  

- - • . -
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TEST 13

1 
1

-
- : - Participants Collection # VATS Cost Total Cost

- - 
- 

(Millions) I Point lines 
____________ 

I Per Year
- - 

-S 5 ____a____ 
~~~~a_ - -_ - —-- - _______-n_ - _st~

_ ——

3 1 67 2,023,466 2,023,466

- -
- 

3 
— 

20 539 ,453

2 1,606,979 2,146,432

-ç 
— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .Sfl- e-5 —a-— ----

- 3 1 20 539,668

2 30 850,074
-

~ 
~~~-

. 3 32 908 ,780 2 ,298 ,522
______________________________ — —- — , — —

4 1 86 2 ,633,282 2 ,633,282
- ~~~~~~~~~~—- —  -- -- — - -Sn —

4 1 25 687 ,339

- - 2 69 2 ,091,283 2 ,778 ,622

- -

4 1 25 687 ,339

~~ 2 37 1,073,644

3 40 1,165,164 2,926 ,147

-
- 

-

. - 5 1 105 3,242 ,469 3,242 ,469

5 1 29 827 , 858
- 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~I

Expected delay time for customer who waits 1.5

Expected overall wait time 0.5

Probabili ty of a busy signal 0.01

- Maximum allowable wait tine 3.0

Probabi l i ty  of maxi~r.ut~ wait time 0.05

Par t ic ipant s  Collection i~ VATS Cost Tote-i Cost
f li o r s)_— - ___  

Po int~~~~~~ J lines  
_ _ _ _ _  

Per Year

-5 
i 

— 
48 (i , 334,56~~ ’ -_ 1,334, 569_ —

-
-

. - 1 1 15 392 ,75

- 
- 

2 39 1,074 ,03 1,466 ,790

- 

1 1 15 392 ,83

2 22 581,56

- 
- 3 23 622 ,67 1,597 ,074

- - 2 86 2 ,500 ,55 2 ,500 ,551
- 

2 1 25 668 ,54

- 

2 69 1,989 ,59 2 ,658 , 139

- 

- 
- 

2 1 25 668 ,60~
2 37 1,028,45

- 
3 40 1,105,94 2 ,803,010

74



- TEST 14

V~TS~~~~~~~~ CocL otal Cost
(~ ii lions)  P,i -~t lines P’:r Yc-~ra5-t Sa Sfl .- •Saa - -~~~ 5- - —  S - S -- —. — . - , a  _ * .*S-

- _ _ _ _  _ _ _ _ _  
3,649,285~~~~~~~~3,649 ,285 

J

¶ • 3 
• 

1 34 927 ,388

- 2 99 2,901,823 3,829,211

I

- 
- 

- 
3 1 34 929,058

• -: -~ 2 52 1,472,632
- 

56 1,595,769 3,997 ,459
_a ~~~~~~—f l ’  •5 a. - . — as. ,’ .sa _ a e f t aaz • -err__c_fl fl.a - - flt

- 
4 1 144 4,641,406 4,641,406

- 
- 

— % a, .e.. ~~~ — -  ~~_5____ s.a_-_. — —• ,.5_-,. ___•_•_ _____ ._—_-__-_a._ •_ .~~._—_a_——_*_—__-_-a

- 
- 

- 

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

- - - 
—— —a-- - —1~

—
;- :__ ____ ____-___-_ S —--- — — _*_J__ P •—~~~~~~ t — —-5— -_

- - 1 177 5,741,494 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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