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PREFA.CE

Definitions

A common understanding of terms between the writer and the 
reader is requisite to common understanding of conclusions.

Following are definitions of terms as they will be used 

in this manuscript.

1. Computing System - The entire collection of all hardware 

and software systems that can be accessed by a user of the 

computing system to soJ.ve a problem.

2. Hardware System - A computer and its immediate, local 

peripheral equipment.

3. Software System - A logical group of computer instruc­

tions (and associated information required to execute the 

instructions) that perform a particular function for the 

computing system. For example, one software system might 

be the instr -ctions that manage one particular file, 

organization type on a given storage device type.

4. Data Management Facility - The hardware and software 

systems that store and control the information set of the 

computing system. The data management facility may be 

composed of multiple hardware and software systems.

5. Information Set - All the information stored in the data 

management facility for update/retrieval by the computing 

system. The information set is composed of one or more 

data base.

iv
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6. Data Base - That portion of the information set for a 

computing system that is stored in and controlled by a 

single data management facility.

7. Centralized Data Base System - A computing system where­

in the entire information set used by the computing system 

is stored in, and controlled by, a single data management 

facility. Other components of the computing system must 

access.the information set through the single data manage­

ment facility.

8. Distributed Data Base System - A computing system where­

in the information set used by the computing system is 

distributed through multip]e, separate data management 

facilities. Other components of the computing system must 

access the information set through the data management 

facility controlling the required portion of the informa­

tion set.

9. Communication Line - Any physical means of transmitting 

data among multiple hardware systems, such as public tele­

phone lines or microwave systems.

10. Network - A computing system composed of more than one 

hardware system, connected by communication lines, and also 

composed of one or more software system.

11. Data Retrieval Time - The elapsed (clock) time required 

to access and retrieve information from the information set.
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12. Queue Time - The amount of time spent waiting for some­

thing required, which is not currently available.

13. Process Time - The amount of time spent in acting upon 

whatever requires processing.

14. Service Time - Queue time plus process time. For ex­

ample, the amount of time a transaction spends waiting for 

the CPU plus the time the CPU takes to act upon that trans­

action (assuming no interruptions).
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ABSTRACT

The design of a hardware configuration to fit the vary­

ing needs of any given application system is a difficult 

task. Requirements for the application system often are 

vague. Data management requirements for the application 

system are often underestimated.

It is the purpose of this thesis to explore hardware 

configurations for large-scale data base systems, and to 

attempt to give some insight into possible designs for those 

systems. In particular, the question that will be addressed 

is the effectiveness of distributed data base systems as 

opposed to centralized data base systems, and the applica­

bility of the distributed systems to the solutions of common 

computing problems.

The thesis will briefly describe several computer net­

works, with emphasis on hardware configurations. These 

configurations will be broken into functional components 

for a basis of comparison and simulation. The case study 

will then be defined and two hardware configurations pro­

posed for case study analysis. These two configurations 

will be compared from performance, cost, and reliability 

viewpoints. Conclusions will be drawn both with regard to 

the case study and with large-scale data base systems in 

general.
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INTRODUCTION

Research Theme

The objective of this thesis is to identify hardware 
configurations applicable to large-scale data base systems, 
and explore the relative merits of two diametrically op­
posed configuration designs.

The design of a hardware configuration to fit the vary­

ing needs of any given application system is a difficult 

task. Requirements for the application system often are 

vague. Data management requirements for the application 

system are often underestimated.

It is the purpose of this thesis to explore hardware 

configurations for large-scale data base systems, and to 

attempt to give some insight into possible designs for those 

systems. In particular, the question that will be addressed 

is the effectiveness of distributed data base systems as 

opposed to centralized data base systems, and the applica­

bility of the distributed systems to be solutions of com­

mon computing problems.
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INTRODUCTION

Research Objective

Hardware configuration is an important aspect of the design 
of large-scale data base systems. This thesis makes use of 
a case study to research hardware configuration design.

It is possible to design more than one functional hard­

ware design, or configuration, to provide support for the 

requirements of any given large-scale data base application 

system. An obvious question that therefore must be 

answered is which functional configuration provides better 

support for the given application system.

There are many facets to this question. For example, 

load balancing and/or multiprocessing might be viable 

alternatives for a computer network configuration. However, 

it is beyond the scope of this thesis to completely address 

all facets of this question. Therefore, the follovzing sub­

set of that question is identified to bound the scope of 

this study: Under what conditions, if any, is a distributed 

data base system more effective from a performance/cost/ 

reliability standpoint than a centralized data base system?

Many different configurations have been documented in 

the trade literature, each with their respective advantages 

and disadvantages. This study will help in the evaluation 

of various hardware configurations possible to support 

large-scale terminal/data base application systems, in 
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order to increase performance and reliability, while re­

ducing cost per unit of work for the purchasing agency.

An investigation will be made to identify computer net­

work configurations currently being used by the data 

processing industry. There are two discrete parts to the 

study: design of the system center(s), and design of the 

communication network. Emphasis will be placed on the 

former. However, the importance of evaluating the network 

with regard to its impact on the system center design shall 

be considered. The line configuration task to be done for 

this study is to identify and characterize the basic types 

of communication lines and hardware configurations in 

large-scale terminal/data base applications. Chapter 5 

further discusses line configurations for the case study.

An abundance of information is available within data 

processing industry literature relating to teleprocessing 

system organizations, capabilities, costs, and advantages. 

However, these systems typically are used to provide 

computational resources (program sharing) to network users. 

That is, requests are routed through the network to a pro­

cessor with available resources (of the type necessary to 

satisfy the request if the network is heterogenous). The 

problem being addressed by this study is computing system 

organization for large-scale data base systems; the dif­

ference being that requests entering the system require 
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retrieval of large amounts of data from the computing 

system as well as the computational resources required to 

precess this data. Where this data should be placed within 

the network to minimize retrieval time is the question being 

addressed. For a large-scale data base, how should the 

hardware be configured to provide optimal cost/performance 

effectiveness? The significance of this problem is exten­

sive. Very little information has been found concerning 

this problem through a literature search. Achievement of 

the objectives of this thesis will provide insight into the 

systematic design of hardware/software configurations to 

support large-scale terminal/data base systems.

The thesis will briefly describe several computer net­

works, with emphasis on hardware configurations. These 

configurations will be broken into functional components 

for a basis of comparison and simulation. The case study 

will then be defined and two hardware configurations pro­

posed for case study analysis. These two configurations 

will be compared from performance, cost, and reliability 

viewpoints. Conclusions will be drawn both with regard 

to the case study and with large-scale data base systems 

in general.
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MAJOR CONFIGURATIONS STUDIED

Introduction

Major computer network systems are briefly described from a 
computer hardware and supportive software systems standpoint.

This chapter briefly describes two computer networks, 

ARPA and TUCC, which are used as a basis -for the configura­

tions proposed in Chapter 5 to analyze the case study. The 

ARPA network, in particular, is well documented in industry 

literature, if further information is desired.

Appendix A describes other major computer networks, all 

of which are similar in construction to' ARPA or to TUCC.
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MAJOR CONFIGURATIONS STUDIED

The Advanced Research Projects Agency Network (1) .

The ARPA network as a distributed, heterogeneous network 
composed of widely varying host processors.

The Advanced Research Projects Agency (ARPA) network is 

a heterogeneous network distributed throughout the nation. 

It is designed to explore network technology while inter­

connecting sponsored research centers. Its key goals are 

to permit access of programs, services, and data from any 

place on the network.

The communication controllers in the ARPA network are 

modified Honeywell DDP-516 computers connected via 9- and 

50-kilobit, full-duplex leased telephone lines. The com­

munication protocol operates in a store-and-forward fashion. 

Each Interface Message Processor (IMPS) assumes no further 

responsibility for a message after it is handed forward 

correctly.

Messages are broken into smaller sub-messages called 

packets to minimize retransmission in the event of errors 

in long messages. These packets of about 1000 bits are 

independently forwarded through the communications control­

lers (IMPS). The IMPS attached to the message destination 

host processor is responsible for reassembling the packets 

into the original message before transmission to the desti­

nation host. In addition, the IMPS govern routing of 



messages through the network to increase network utilization 

and minimize transit time of the message.

9

The Network Control Program (NCP) resides in each host 

processor. The NCP controls connection and termination of 

communications between programs on the varying host proces­

sors.

There are 'a large number of host processors (20 - 30) on 

the ARPA network, ranging from a PDP-11 through the ILLIAC- 

IV. The network has extensive management and technical 

steering groups, as well as a working group composed of host 

representatives. In addition, Bolt, Beranck, and Newman 

(BBN) is charged with maintenance of the communications 

section of the network.



Figure 2-1
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MAJOR CONFIGURATIONS STUDIED

Triangle Universities Computation Center (1,3)

The TUCC is a centralized, homogeneous network composed of 
IBM S/360 and S/370s.

The Triangle Universities Computation Center (TUCC) is 

a joint undertaking of the Duke, North Carolina State, and 

North Carolina Universities. It is a straightforward, 

relatively simple network installation, and has been opera­

tional since 1966. It is a centralized, homogeneous network 

composed of IBM S/360 and S/370 computers. The central node 

is a S/370 Model 165; nodes at each University are S/360 

Model 40 or 50. The S/360s do local batch jobs in addition 

to handling the telecommunications required by the network.

The network uses off-the-shelf hardware with minimal 

extensions to OS/360. The three nodes are connected to the 

central facility via Telpak A lines (40.8 kb, half-duplex) 

through IBM 2701 data adapters. In addition to the three 

TUCC nodes, local schools and colleges are serviced by the 

central computer via a variety of medium and low speed 

input/output devices.
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THE TUCC NETWORK

Figure 2-2
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NETWORK COMPONENT DESCRIPTION

Functional Network Components

Functional components of a computer network are the 
communications controllers, the communication lines, 
the communication nodes, and the network controllers.

Although computer networks can be very complex hardware 

and software systems, they can be classified in three basic 

hardware components and one basic software component. The 

hardware components are communication lines, communications 

control, and nodes on the communications network.

Communication lines are the transmission devices where­

by messages may be sent between communications controllers. 

These utilize many varying techniques such as public or pri­

vate telephone lines, micro or millimeter wave transmission, 

or wave guide systems. Lines may be digital or analog in 

format. Lines are of varying speed capacity, ranging from 

75 to many hundreds of thousands of bit transmission per 

second capacity.

The category of communication lines also includes 

modulation, demodulation, information coding, multiplexing, 

and concentration. Modulation and demodulation are respec­

tively the process of conversion from digital to analog 

format and the reverse. Modulation is necessary when trans­

mitting digital information, such as from a digital computer. 
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over telephone lines. Modulation and demodulation are 

performed by a modem, or data set. The modem is also 

responsible for coding information for transmission. Many 

different coding techniques are possible.

If the communication line utilization is low, it may 

be cost effective to include multiplexors. This allows 

multiple messages to be transmitted simultaneously over the 

same line, increasing the efficiency or throughput of the 

line and thus lowering the number of lines required. A 

multiplexor does not change the format or encoding technique 

of any message transmitted through it. A concentrator 

serves much the same purpose of a multiplexor but may change 

the format or coding technique of a message.

The communications controller is a hardware device to 

control the use of the communications lines. It may or may 

not be programmable. It initiates the establishment of 

communication and synchronization and controls when to send 

or receive messages. It controls polling and addressing. 

It addresses all error signals, and is responsible for all 

error detection and correction. The communications con­

troller may also perform any message switching functions 

necessary. However, if the communicaticns controller is not 

programmable, the network controller may perform many of 

those functions.
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The communications nodes are the hardvzare devices (and 

associated software) connected to the network through the 

communications controller. A node may consist of one or 

more devices such as the following:

1. a batch or interactive terminal

2. other data entry devices (perhaps radar input)

3. data management facilities and their associated 

data bases

4. applications processors

5. the network control processor

6. any combination of the above.

A number of other considerations are appropriate before 

implementing a network: half- or full-duplex lines, 

parallel or serial transmission, synchronous or asynchro­

nous transmission, message structure, and network protocol. 

Each of these affect the hardware organization.

The network controller is a software component of a 

computer network. In general, this includes all host soft­

ware directly involved with control of the network. This 

function may include some of the stated functions of a 

communications controller that is non-programmable. In 

addition, it is responsible for addressing messages from a 

host processor for transmission by a communication control­

ler. The network controller is also responsible for 

communications security and message accountability.
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Depending upon the actual hardware used in a computer 

network, the functions listed may be moved from one 

functional component to another. For example, if a remote 

concentrator is replaced by a remote line computer of some 

intelligence, many of the functions of the communications 

and network controller may be moved to the line computer 

as a part of the re-configuration.
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CASE STUDY DESCRIPTION

Acknowledgment

The author attended an intense class entitled 

"Designing Communication Systems" at the Systems Science 

Institute (SSI) in Los Angeles, California during October- 

November, 1973. The purpose of this class was to study 

the design of communications lines for communication net­

works from a cost/performance standpoint, through use of 

statistical analysis, simulation models (GPSS), and 

mathematical (APL) analysis models.

It is not the purpose of this thesis to discuss 

communication line configuration design itself. However, 

a communication network design case study was developed in 

the class to aid in the practical analysis of network 

design. The case study is realistic, and well demonstrates 

network design principles. With some modification, this 

case study also provides a realistic basis for a discussion 

of distributed data bases, and its associated distributed 

processing. The rest of Chapter 4 defines the case study, 

as modified for distributed processing.
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CASE STUDY DESCRIPTION

The IPL Company

Interstate Power and Light Company i.s a medium-sized 

electric utility servicing 261,000 customers in the western 

states. In addition to the main office, located in Los 

Angeles, there are eighteen local offices which serve the 

bulk of the customers. The company is a progressive one, 

wanting to provide the best service possible to its 

customers.

IPL has been growing at an annual rate of 6.6% and ex­

pects to continue this growth rate through the next decade.

IPL is a long-time customer of IBM and has progressed 

from an initial 402 through the 40.7 and 1401 to the 

presently installed 360/30 tape/disk system. The primary 

application has always been customer accounting. However., 

other applications have been installed and currently one of 

the partitions of the Model 30 is devoted to work other than 

customer accounting.

The vice-president and the DP manager feel that several 

of the most common customer service transactions should be 

handled on-line. They have spent a considerable amount of 

time summarizing the requirements for their system and 

gathering data. The task to be done now is to design and 

procure the computing system necessary for successful 

implementation of the application.
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CASE STUDY DESCRIITION

Installed Hardware

1. Central location (two-shift operation)

a. Computer system:

System/360 Model 30 - 64K 

with decimal arithmetic, interval timer, 

storage protect, one selector channel and 

console typewriter.

1403 - N1 printer and 2821 control unit 

2540 - 1 card read punch

2400 - 2 magnetic tape unit (4 drives, 800 bpi) 

and 2801 control unit

2319 disk storage facility with 4 modules

b. Other devices:

10 - 029 keypunches 

4 - 059 verifiers 

2 - 083 sorters

1 - 088 collator

c. Total rental cost of installed hardware is 

approximately $12,000 per month.

d. The Model 30 system is operating under DOS multi­

programming with a 16K supervisor, a 30K background 

partition, and an 18K foreground partition.

2. Remote locations - none.
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CASE STUDY DESCRIPTION

Personnel Requirements

1. Customer service personnel - 86 current total.

a. Local offices - one person per three thousand 

customer accounts. Each office has the requirement 

for a minimum of three people. -r-Provision must be 

made for vacations and illness, as well as clerical 

duties in off-peak hours. However, all personnel 

are available for the customer service function 

during peak hours.

b. Average salary of clerical people is $450./month.■

2. Data processing personnel (27)

a. DP manager (1) - $1,600/month.

b. Programming supervisor (1) - $1,300/month. 

Programmers (3) -- $1 ,000/month.

c. Operations supervisor (1) - $ 1 ,000/month.

Lead operator (2) - $700/month. 

Shift operators (2) - $650/month. 

Lead keypunch operator (1) - $575/month. 

Keypunch operator (11) - $500/month. 

Clerks (5) - $450/month.

3. The prime shift personnel work 8:00 - 5:00, and second 

shift personnel 1 1 :00 -- 8 :00 , which provides twelve 

hours of systems time per day.
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4. Office locations and number of accounts and personnel:

Office
% of
Total

No. of 
Accounts

No. of
Clerks

No. Name Accounts Now 5 yrs . Now 5 yrs.

1 . Albuquerque, NM .031 8000 11012 3 4

2. Boise, ID .015 4000 5506 1 2

3. Flagstaff, AZ .015 4000 5506 1 2

4. Fresno, CA ' .015 4000 5506 1 2

5. Helena, MT .015 4000 5506 1 2

6. Las Vegas, NV .027 7000 9636 2 3

7. Orange County, CA .061 16000 22024 5 7

8. Pasadena, CA .042 11000 15142 4 5
9. Phoenix, AZ .031 8000 11012 3 4

10 . Portland, O.R .05 4 14000 19271 5 6

11 . Reno, NV .034 9000 12389 3 4

12. Sacramento, CA .061 16000 22024 5 7

13. Salt Lake City, UT .027 7000 9636 2 3

14. San Diego, CA .073 19000 26154 6 9

15. San Fernando, CA .069 18000 24778 6 8

16. San Francisco, CA .088 23000 31660 8 11

17. Seattle, WA .069 18000 24778 6 8

18. Spokane, WA .023 6000 8259 2 3

19. Los Angeles, CA .250 65000 89475 22 30.

1.000 261000 359274 86 120
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CASE STUDY DESCRIPTION

Current Customer Accounting Application

IPL uses a more or less standard approach to customer 

accounting. In order to simplify the workload and spread it 

out over the month, a "cycle" billing scheme is used. The 

accounts handled out of each office are divided into 21 

cycles, or one for each working day of the month. This 

allows the central billing system to send out 1/21st of the 

bills daily. Also, the same number of meters are read daily. 

The payment is made to the local office nearest to which the 

customer lives. Management would prefer to have deposits 

made to local banks to maintain a local corrmunity relation­

ship .

The master file, kept in the main office in Los Angeles, 

is arranged in account number sequence. The first two digits 

of the twelve -digit number are cycle number; the next two 

digits are town code. The next seven digits are meter nura- 

ber. The last digit is tenant number. This allows the 

number to reference a location; that is, service address, 

instead of a particular customer. Each time a different 

person requests service at a location, the tenant number is 

incremented tc make the account number unique for this 

customer.

An accounts receivable register for each cycle is sent 

to the respective office when the cycle is billed. A daily 



25

cash journal, is also prepared for off-cycle accounts (those 

accounts not. being billed today; however, payments have been 

received and are being posted). This provides the informa­

tion required when a customer comes to pay but has no 

remittance slip. The time required to find the bill is 

between two and five minutes.

The accounts receivable register is also used as a 

source of information when trying to satisfy a high bill 

inquiry; that is, the customer is complaining because he 

thinks his bill is too high. The current and twelve pre­

vious months’ registers are maintained in order to supply 

this information. Because cf the volumes of paper involved, 

the amount of time required to handle this inquiry varies 

between five and thirty minutes.

There are, of course, numerous transactions initiated 

in the local offices which result in the maintaining of the 

master file. These are all included in the batch system.

Each local office maintains a ledger card file which 

contains, for each service location, meter and service 

information. The file is hard to maintain, and difficult 

to correlate to the central master file.

Because IPL is considering installing a teleprocessing 

system, they contracted a time-motion consultant to examine 

the amount of time that clerks spend with the customers they 

service. Following are the results of that study.
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The minimum time a clerk spends with a customer is 15 

seconds for-all transactions.

Above the 15 seconds minimum, additional time to service 

the customer appears to be exponentially distributed.

The average additional time spent with a customer by 

transaction type is given below. This does not include the 

time to look up the answer to a customer request, but does 

include conversation, information recording, and payment 

times.

Before
is ■ Se

Request 
irviced

After Request 
is Serviced

1. Cash Payment 30 sec. 15 sec. .

2. Inquiry-A/R Balance-Pay 30 sec. 30 sec.

3. Inquiry-A/R Balance-No Pay 30 sec. 15 sec.
4. History Inquiry 60 sec. 90 sec.

5. Turn On 120 sec. 15 sec.

6 . Turn Off 30 sec. 10 sec.

7 . Billing Adjustment 180 sec. 25 sec.
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CASE STUDY DESCRIPTION

Proposed Customer Accounting Application

In addition to performing the customer accounting job 

currently done on the S/360 Model 30, the system will pro­

vide much in the way of readily-addressible information 

required to make the operation more efficient and economical 

and also make the customer more pleased with the service 

rendered him. In particular, provision for the following 

system capabilities should be considered:

1. Historical records of consumption by service

address (usage for the current and twelve 

previous months).

2. Immediate access to the customer's current

accounts receivable file.

3. On-line entry of information concerning the

initiation and termination of service for 

any given customer.

4. Decreased tine lag in entering cash payments

into the system.

5. Retrieval of the customer's basic record by

account number, name, or service address 

(see transaction information).

6. The system will have to accommodate a peak rate

of 20% of the average daily volume per hour.
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7. Ninety percent of the responses in less than seven

seconds (that is, maximum of seven seconds — 

ninety percent of the time — between the keying 

of the last character of a message until the 

response starts being printed. Commonly called 

Last-in-first-out, or LIFO, response).

8. IPL would like 90% of their clerks to spend less

than 180 seconds from the time they are ready 

to input data until a transaction is completed 

(time away from customer).

9. IPL feels they would like to be able to service

the customer so that most (90%) people would 

be out of the office in less than six minutes.

10. IPL would like the system to support their needs 

for a minimum of five years, assuming their 

current growth rate remains constant for that 

time.

Data Base Statistics

The customer basic record is 300 bytes in length as 

currently designed. This length includes two fields for 

money transactions throughout the billing cycle. More 

than two such entries, or various other conditions, cause 

the creation of trailer records.
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The content of the customer basic record is:

Field ' Bytes ?y.Ee
Print
Length

Account Number 12 P 15

Billing Cycle 2 P 2

Branch Office 2 P 3

Meter Number 7 P 8

Tenant Number 1 P 2

Record Code 1 X

Service Address 25 P 25

Name 22 P 22

Personal Data 15 P

Date of Turn On/Off 6 P 8 •

Credit Rating 1 X

Service Code 1 X

Due Date 4 p 5

Account Balan De 4 p 6

Arrears 5 p 8

Deposit 3 p 4

Payment Date 4 p 5

Current Usage 2 X 5

History Usage 36 X 108

Last Meter Reading 5 p 5

146

154 bytes of purely application-oriented data, maintenance

information, etc., total 300 bytes.
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Whereas all application-oriented information is in­

cluded in the 300 bytes, no provisions have been made for 

accounting control, audit trail, back-up, recovery, trans­

action reprocessing, etc. Any space required for this 

type of information will be net plus to the 300 bytes.

There are 261,000 (359,274 in five years) active 

accounts and 30,000 inactive (vacant) accounts.

Some customers require a trail.er record in addition to 

the basic master record. Each basic master record has zero 

to five trailer records. Seventy-five percent of the 

master records have no trailers. There is a total of 130,000 

trailer records.

As indicated, the trailer records can be generated by 

more than two money transactions per billing period, or by 

an address overflow condition, or by multiple meters. The 

trailers are of the same record format and sequence as is 

the master file; however, the actual information required 

to be stored averages 150 bytes per trailer and varies from 

50 to 225 bytes. 

Transaction Type Statistics

The number of messages of a given type in a month is 

determined by multiplying the stated percentage times the 

number of active accounts. Assume the total number of 

messages is prorated to a given location by the percent of 

the active accounts at that location. Assume also that the 
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activity is uniformly distributed over the days of the 

month. Except for some post cash transactions and some 

inquiries on accounts receivable balance., all the per­

centages below are mutually exclusive; i.e., a person 

doesn't go into a branch office to ask multiple questions.

Transaction types and volumes — expressed as a per­

centage of total active accounts:

Frequency - %Transaction Type

1. Collect - Post Cash 100.0

2,3. Inquiry - A/R Balance

(pay or no-pay) 10.7

4. - Inquiry - History 2.8

5. Update - Turn On 5.5

6. Update - Turn Off 5.1

7. Update - Billing Adjustment 0.9
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Transaction Information

Transaction Type Input Data 
(Freq.%)

Output Data

1. Post Cash - Single Transaction ID

Account Number

Payment Amount

Operator ID

Received Payment

Acknowledgment

2 • Inquiry - A/R Transaction ID Other two items of

Balance - Pay

- and -

Account No.(25%) identifying data

3. Inquiry - A/R or Name (50%) Service code

Balance - No Pay or Service Addr

(25%)

Bill, Amount

- Past due

(arrears)

- Amount

- Taxes

- Total

Billing date

Current usage

Previous meter

reading

Current meter

reading
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(month * 12)

Transaction Type Input Data
_________________ . (Freq.%)

Output Data

4. Inquiry - History Transaction ID Other two items

Account No. identifying data

(75%) Billing date

or Name (15%) Current bill

or Service amount

address (10%) - Past due

(arrears)

- Amount

- Taxes

- Total

Past History -13 

months

- Service code

- Usage

- Annual rate
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address

Transaction Type Input Data 
(Freq.%)

Output Data

5. Turn On Transaction ID Account Number

Service Addr. Turn-off date

Turn-off reading

*THEN* ♦THEN*

Name Cash receipt

Prior Address acknowledgment

Deposit Amount

6 . Turn Off Transaction ID Other two items

Account Number identifying data

(25%) Billing date

or Name (50%) Current bill amt.

or Service - Past due

addr. (25%) (arrears)

- Amount

- Taxes

- Total

*THEN* *THEN*

Turn off date Turn off

Refund Mailing acknowledgment
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Transaction Type Input Data 
(Freq.%)

Output Data

7. Billing Adjustment Transaction ID Other two items

Account No. identifying data

(25%) Current bill amt.

or Name (50%) - Past due

or Service (arrears)

addr. (25%) - Amount

- Taxes

- Total

*THEN* ♦THEN*

Authorization Adjustment

Debit/credit acknowledgment

code

Adjustment

amount

8. Post Cash - Batch Transaction ID Batch entry

Operator ID acknow1edgment

Batch total amt.

Batch item count

^TPEN* ♦THEN*

Ac count No. Payment received

Payment acknowledgment
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CASE STUDY DESCRIPTION

Application Statistics 

.I. Bill Payment Statistics

A. Eighty-five percent of all payments are accompanied 

by the remittance slip.

B. Printed on the bill mailed to the customer is the 

address of his local branch office. He is requested 

to make his payment there. Seventy percent of the 

people mail their payment; the remaining 30% 

actually walk-in to their office to pay their bill.

C. Remittance slip statistics:

Pay with 
Remittance
Slip______

Pay without 
Remittance
Slip______

Total

Mail Payment .595 .105 .70

Walk-ins .255 .045* .30

Total .850 .150 1 .0

D. There are two reasons for inquiries on account 

balances:

1. someone who wants to pay has walked into the 

office but doesn't have the remittance slip.

2. someone who calls or walks into the office

but does not pay.

Inquiries are broken down as follows:
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Inquiries and

Pay .045*

Not Pay .062

.107**

*This 4.5% is the same as the 4.5% in C. above.

Since these people pay without a remittance slip, 

an inquiry must be made to fine the amount they 

owe.

**There are a total of 10.7% of the customers who 

inquire on accounts receivable balance.

II. Data Fields Statistics

A. The average name size is 15 characters.

B. The average service address size is 20 characters.

C. Device control characters average 10% of the total 

message length (input and output).

Ill, CPU Process Time Statistics

A. All times are approximate and shculd be used only 

for this case study.

B. All times are expressed in centiseconds.

C. Application processing times include I/O set-up 

but no disk or other I/O device time.
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D. Processing time by transaction type:

Transaction Type Transmission No. CPU Time

1. Post Cash - Single In 1 80

Out 1 50

2. A/R Inquiry In 1 80

Out 1 50

3. A/R Inquiry In 1 80

Out 1 50

4. History Inquiry In 1 80

Out 1 95

5. Turn On In 1 80

Out 1 50

In 2 50
- Out 2 50

6. Turn Off In 1 80

Out 1 50

In 2 50

Out 2 50

7. Adjustment In 1 80

Out 1 50

In 2 50

Out 2 50
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E. The following multipliers may be used to compute 

processing times for other CPUs. These numbers 

are representative, but not necessarily completely 

accurate. No commitment by IBM is expressed or 

implied for correctness of these numbers.

CPU Multiplier

S/360 M30 1 .0

S/370 Ml 35 .7

S/370 Ml 45 .5
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CASE STUDY DESCRIPTION

Objectives of. the Case Study

It should be realized that systems design is a study 

in economics and that the performance requirements of the 

system materially affect system cost. Each design tradeoff 

must be explainable in economic terms and the total solution 

must be cost justifiable.

Systems designs should go through a technical audit, or 

review, before being implemented. It is more economical to 

correct errors in the design phase than in the implementa- 

tion/test phase. The technical audit is an informal, highly 

technical review and justification of the system design (or, 

in this case, solution of the case study). The audit must 

include, but is not limited to, the following:

1. Central hardware selection and configuration.

2. Terminal selection.

3. Message formats.

4. Lino configuration design.

5. System operation.

6. Operating and communication systems software 

selection.

7. System control and backup procedures.

8. Data base design.

9. Detailed j.mpl emen tat ion (and conversion) plan 

including peisonn.?! requirements.



41

10. Application designs.

11. System justification.

These items are further discussed in Chapters 5-9. For 

purposes of this thesis, item 1. above will receive the 

majority of the attention.

The objective of the case study in this thesis, then, 

is to provide a realistic, well defined computing applica­

tion as a basis for comparing different concepts in hardware 

configurations.



5. PROPOSED CASE STUDY CONFIGURATIONS

02
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PROPOSED CASE STUDY CONFIGURATIONS

Configuration Spectrum

Defining a configurarion spectrum provides the environment 
for evaluating application requirements in relation to the 
data base configuration.

The overall purpose of this study is to establish a 

basis for the comparison of hardware/software configurations,, 

with particular emphasis on the data management facility, 

that best fits the unique requirements of large-scale data 

base applications. The initial survey of computing systems 

revealed numerous configurations varying greatly in size, 

degree of sophistication, and purpose. While many configura­

tions are evident, the basic functional components are essen­

tially the same, regardless of the actual hardware/software 

that comprise each computing system. Therefore, it is 

obvious that the distinction to be made when evaluating each 

configuration is not in the functional components as such, 

but rather hew these components are organ?zed and configured 

within each system. The configuration spectrum evolved as 

a mechanism for providing computing system environment 

alternatives against which a given applications requirements 

could be evaluated. The spectrum provides a method for re­

lating extremes in network configurations in terms of their 

ability to support, a given set of requirements.



In attempting to define the configuration spectrum, 

consideration was given to the structure of all the computing 

systems surveyed, concentrating on the arrangement of the 

functional entities within the structure. From the initial 

research, the scope of the spectrum evolved, ranging from 

the functional concentration of centralized processing to the 

democratic organization of distributed processing.. The pur­

pose of the configuration spectrum, in addition to providing 

alternatives for requirement evaluation, is to represent 

generalized computing system structures currently in use. 

These structures must, of necessity, be generalized in order 

to account for extremes in functional organization in the 

various configurations as well as to provide for efficient 

evaluation of application requirements and capabilities. At 

one end of the configuration spectrum is the centralized 

structure where all functions are concentrated into one node 

which controls the processing of the entire computing sys­

tem. The opposite end of the spectrum is the distributed 

processing or peer-level configuration which allocates equal 

functional responsibility to each node in the structure.

Appendix B discusses other hardware configurations 

prevalent in use today throughout the industry. These con­

figurations will not be included as proposed case study 

configurations for the reasons stated in Appendix B.
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PROPOSED CASE STUDY CONFIGURATIONS

Total Function Concentration Through Centralized Processing

Centralized processing allows concentration of the data 
communication and data base functions at one point in the 
configuration.

Centralized processing is a common network structure, 

typically referred to as the master/slave configuration. In 

the context of the configuration spectrum, this particular 

structure is representative of the totally concentrated 

approach. The functional elements of this configuration 

include a central large-scale computing system and any num­

ber of satellite host processors attached directly or 

through a conununication controller interface to the central 

system. The supervision and control of the data communica­

tion processing as well as the data base processing are the 

responsibility of the central system. In this configuration 

the central system schedules work for the satellite host 

processors. These processors perform all of the application 

oriented functions, making use of the data communication and 

data base services of the central system as necessary. All 

terminal data is routed to and from the appropriate host 

processor(s) via the central system. The host processors 

may be configured to interface with a remote job entry (P.JE) 

data source, but all of these inputs must be routed to the 

central system for processing. As with other* types of 
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communication in this configuration, all requests for access 

to the data base are routed to and processed by the central 

system.

An example of the centralized processing concept is the 

network of computing systems that comprise the Triangular 

Universities Computation Center (TUCC). The TUCC is made 

up of three satellite host processors connected through 

communication controllers to the central system. This 

system is used for administrative type processing, support 

of RJE devices, and computer aided instruction.

The centralized system for the case study is composed 

of an IBM System/370 Model 145 and its associated components. 

Appendix C shows the configuration in detail.

The processor is located in Los Angeles, California.

The data for each of the local offices is maintained on-line 

in this system. The local offices are linked to the pro­

cessing center through leased telephone lines. Remote 

terminals are IBM 3270s and associated hardware.



A Centralized Configuration

Figure 5-1
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PROPOSED CASE STUDY CONFIGURATIONS

Equality of Function Through Distributed Processing

Distributed processing provides a democratic approach to 
the organization of the data communication and data base 
functions within a configuration.

Distributed processing is a relatively new concept in 

computing system structures where each node in the configu­

ration is equal in terms of functions performed. Variously 

referred to as peer-level processing or ring structures, 

distributed processing configurations have the distinction 

that both the data communication and data base functions 

are directly associated with each host processor. The func­

tional elements in this configuration include communications 

controllers, and host processors with directly attached data 

bases. The system of host processors are connected through 

the communicauion controllers. These controllers provide 

terminal and inter-host routing, line support, store-and- 

forward capabilities, as well as other generalized conununi- 

cation support for the two or more host processors. The host 

processors perform all of the application oriented functions 

including data base processing. The majority of the required 

data will be available from each local data base; however, 

there exists the capability to access the data base of another 

host processor through the communications controller interface.
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An example of the distributed processing configuration 

is the Advanced Research Project Agency (ARPA) network with 

nodes located throughout the continental United States. This 

system is connected through a series of specialized pro­

grammable communication controllers known as Interface 

Message Processors (IMPS). These controllers interface with 

a wide variety of computer hardware ranging from mini­

computers to IBM 360/91s. Originally, a research project 

in resource sharing, the ARPA network has expanded to include 

nodes at many universities with commercial uses as a by­

product .

The distributed system for the case study is composed 

of two IBM System/370 Model 135s, and their associated 

components. Appendix C shows the configuration of each in 

detail.

The processors are located in Los Angeles, California, 

the main office, and in San Francisco, California. Each 

local office is assigned to one of the processing centers, 

where their data is maintained on-line. The local offices 

are linked to their respective processing centers through 

leased telephone lines. In addition, the processing centers 

are linked by a similar line.
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A Distributed Configuration

Figure 5-2
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PROPOSED CASE STUDY CONFIGURATIONS

Line Configurations

Leased, full-duplex telephone lines operating at 600 charac­
ters per second will be used to connect local offices to the 
processing center.

Various line configurations have been evaluated and 

costed, ranging from half-duplex leased telephone lines 

operating at 300 characters per second to full-duplex lines 

operating at 600 characters per second. For the case study, 

line traffic was not high enough to consider higher capacity, 

more expensive lines.

The cost of lines was relatively constant for all con­

figurations. Five lines would be required to support the 

centralized system when operating with leased, half-duplex, 

300 character per second lines using polled, released line 

control techniques. The cost of this line configuration 

would be $6037.50 per month (AT&T Type 3002 - Tariff 260) .

Increasing line speed to 600 characters per second 

reduces requirements to four lines. However, modem charges 

increase and total line cost drops only slightly. Changing 

to full-duplex at 300 characters per second requires tvro 

lines and full-duplex at 600 characters per second requires 

only one line.
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Full-duplex lines, operating at 600 characters per 

second, will be used for the case study. Figure 5-3 shows 

the line configuration and cost for the centralized system, 

and Figure 5-4 shows the line configuration and cost for 

the distributed system. Costs are based on AT£T Type 3002, 

Tariff 260.

The purpose of this thesis is not to define criteria 

for optimal.line configuration. A number of mathematical 

models are available for that purpose. Therefore, any 

reasonable line configuration is acceptable for case study 

analysis as long as the same standards are used for design­

ing the line configuration for the centralized and the 

distributed system configurations.

The line configurations above were chosen due to their 

comparatively equal cost with other configurations. Addi­

tionally, the full-duplex lines are not heavily loaded. 

These configurations will support the system even if growth 

has been underestimated by a factor of two, while a half­

duplex configuration requires additional lines to support 

added growth.
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Line Configuration

From: To; No. of 
Terminals

Cost of 
Link

Albuquerque, NM Flagstaff, AZ 1 $542.52

Phoenix, AZ Flagstaff, AZ 1 295.35

Flagstaff, AZ Las Vegas, NV 1 433.95

Las Vegas, NV • Pasadena, CA 1 452.10

San Diego, CA Orange County, CA 1 221 .10

Orange County, CA Pasadena, CA 1 94.05

Pasadena, CA Los Angeles, CA 1 33.00

Portland, OR Seattle, WA 1 333.30

Seattle, WA Spokane, WA 1 468.60

Helena, MT Spokane, WA 1 520.58

Salt Lake City, UT Boise, ID 1 557.54

Spokane, WA Boise, ID 1 544.83

Boise, ID Reno, NV 1 606.05

Reno, NV Sacramento, CA 1 275.55

San Francisco, CA Sacramento, CA 2 195.69

Sacramento, CA Fresno, CA 1 351.45

Fresno, CA San Fernando, CA 1 399.30

San Fernando, CA Los Angeles, CA 1 66.00

Los Angeles, CA *Los Angeles, CA 4 0.00

23 $6,390.96

*Data Processing Center

CENTRALIZED SV£TEM LINE CONFIGURATION

Figure 5-3
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Line Configuration

From: To: No. of 
Terminals

Cost of 
Link

Portland, OR Seattle, WA 1 $333.30

Seattle, WA Spokane, WA 1 468.60

Helena, MT Spokane, WA 1 520.58

Spokane, WA Boise, ID 1 544.83

Salt Lake City, UT Boise, ID 1 557.54

Boise, ID Reno, NV 1 606.05

Reno, NV Sacramento, CA 1 275.55

Fresno, CA Sacramento, CA 1 351.45

Sacramento, CA San Francisco, CA 1 195.69

San Francisco, CA *San Francisco, CA 2 0.00

Albuquerque, NM Flagstaff, AZ 1 542.52

Phoenix, AZ Flagstaff, AZ 1 295.35

Flagstaff, AL Las Vegas, NV 1 433.95

Las Vegas, NTv Pasadena, CA 1 452.10

San Diego, CA Orange County, CA 1 221.10

Orange County, CA Pasadena, CA 94.05

Pasadena, CA Los Angeles, CA 1 33.00

San Fernando, CA Los Angeles, CA 1 66.00

Los Angeles, CA *Los Z-^ngeles , CA 4 0.00

*San Francisco, CA *Los Angeles, CA __0 640.70

23 $6,632.36

*Data Processing Center

Distribute.'"! System Line Configuration

Figure 5-4
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PERFORMANCE COMPARISON

User Capabilities

The computer network shares its resources and capabilities 
among its various users through data sharing, program 
sharing, special facilities sharing, and load sharing.

One purpose for a general computer network is to expand 

the computer capabilities offered to its users. This ex­

pansion is accomplished by combining individual computer 

nodes through communications media for the purpose of shar­

ing the network's resources and capabilities among all 

users. The capabilities commonly expected of a computer 

network include data sharing, program sharing, special 

facilities sharing, and load sharing.

Data sharing provides data access for individual net­

work users regardless of data location within the network. 

Depending upon the type of network involved, data may be 

concentrated in one common data base or distributed over a 

number of losal data bases. Therefore, gaining access to 

this data could involve a single query to a local data base 

or multiple queries to data bases throughout the network. 

However, with data sharing, the network data relevent to a 

specific user is available for his data processing needs.

Program sharing is similar to data sharing in the sense 

that the individual user can utilize any of the network's 

program resources without consideration of the program 

location. The termina? user would typically utilize this 
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capability. This user can request any one of a number of 

program services from a single terminal. Such a request is 

forwarded to a network controller which locates the appro­

priate network node containing the required program. With 

communication established, the necessary program processing 

occurs and the results are returned to the terminal.

Special facilities sharing allows the network user to 

utilize any special equipment or capability which is located 

only at specific nodes. This capability provides the user 

with access to special hardware such as unique graphic 

equipment, hardcopy facilities, or special tape drives. 

This sharing not only expands the scope of user processing 

capability, but also offers cost advantages, in that ex­

pensive special equipment is not duplicated vzithin the 

network.

Load sharing is the most difficult capability to achieve 

in a computer network. Ideally, load sharing.allows a net­

work node with an excessive processing load to transfer a 

portion of its processing to a less burdened node. This type 

of capability presents many problems to current network 

technology, not the least of wh?ch includes the use of 

heterogenous computers.

The network described in the case study, although 

specialized for one particular company, provides each of 

these four capabilities. Data sharing, program sharing, 
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and special facilities sharing is offered to each terminal 

user in each of the local offices. The case study system 

utilizes load sharing only in the sense that the two CPUs 

send commands to each other to retrieve data from the other 

data management facility.

As defined above, load sharing would be possible only in 

the distributed system. The two processors could pass work 

between themselves, but only if it did not involve the data 

base, or if the necessary data base records were passed 

along to the processor receiving the work.

In multiprocessing systems, or in large-scale installa­

tions where multiple homogenous processors have direct 

access to the computing system's data management facility, 

a pure form of load sharing is possible. Any item of work 

from an overloaded processor may be passed to a processor 

with idle res mrces, and the task can be completed without 

interference to the overloaded CPU. For example, in a 

System/370, Model 158 MP or 168 MP, operating under VS2 

Release 2, a single task may switch back and forth between 

the two processors, depending upon the dynamics of the 

system.(5)
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PERFORMANCE COMPARISON

Comparative Criteria for Computing System Configurations

Response time and network component utilization are the 
performance standards that will be used in the comparative 
analysis of the computing systems.

The proposed configurations for case study analysis will 

be evaluated with respect to two performance standards: 

response time and network component utilization. These are 

the crucial standards by which the effectiveness of each 

network configuration can be judged. It must be understood 

that these performance standards are interrelated; that is, 

the performance for one standard will influence to a greater 

or lesser degree the other standards.

Response time is the elapsed time between transaction 

initiation and completion. The most obvious response time 

example is t?.e use of an interactive terminal. In this 

particular case, response time begins when the terminal user 

depresses a key to transmit his input and completes when the 

response is received at the terminal. Such a response time 

may simply be composed of the line transmission times to and 

from a CPU and some processing time. However, the process 

can be much more complicated. The terminal response may 

necessitate one or more accesses to a data base located 

peripherally to the application CPU, or in another CPU. In 

addition, individual transactions must compete with other 
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transactions for use of these resources. This resource 

contention can substantially increase an individual trans­

action's response time and must be carefully considered. 

These factors illustrate the complexity of this performance 

criteria, and it is obvious the functional components of the 

various configurations influence to a large degree the re­

sponse time.

Computing system component utilization is a percentage 

measurement of the processing capabilities utilized in the 

components of the network. This measurement provides a 

basis for comparing the configurations for efficiency and 

growth capacity.
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PERFORMANCE COMPARISON

Configuration Performance Comparison

The GPSS Model is used as a basis to compare performance in 
response time and computing system component utilization 
between the two proposed configurations.

Response Times

The LIFO, or terminal, response time for the distributed 

configuration ranged from 95 to 113% of the centralized con­

figuration LIFO response time. The distributed configuration 

sometimes gave faster response, even though the processors 

are'slower. Since the total load is shared over two pro­

cessors in the distributed configuration, each has loss to 

do than the centralized processor, causing smaller queue 

times for the distributed CPUs. This can balance out the 

longer process times in the distributed configuration.

Average CPU queue time in the centralized configuration 

is .24 seconds. In the distributed configuration, CPU queue 

time averaged .19 and .13 seconds for the two CPUs. The 

difference appears to be small until one considers how many 

instructions can be executed in that time difference.

Since nothing in the local offices change between the 

two configurations, the only effect upon the local office 

is caused by differences in LIFO, or terminal response time. 

The small difference in LIFO time between the centralized 

and distributed configurations leads to negligible difference
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in time away from customer and in customer time in branch 

office.

External performance, or response times, between the two 

configurations therefore are equivalent. Customer time in 

office averaged 141.16 seconds over all cities in the cen­

tralized configuration, and 135.01 seconds in the distributed 

. configuration. . •

Line Utilization

Line utilization for both configurations is quite low. 

For the centralized configuration, line utilization is 18%, 

plus 5.5% for the terminals in Los Angeles, or a total of 

23.5%. For the distributed configuration, line utilization 

for line one (Los Angeles) is 8%, plus 5% for the terminals 

in Los Angeles, or a total of 13%. Line two utilization is 

7% plus 2% fee the terminals in San Francisco, or a. total 

of 9%.

Three-hundred-character-per-second lines, instead of the 

proposed 600-character-per-second lines, would increase line 

utilization. For the centralized configuration, this would 

mean a line utilization of 40-50%. A model execution shows 

that this configuration still meets design response goals. 

However, 50% is approaching the range (50 - 60%) where ser­

vice time increases exponentially as line utilization in­

creases. Thus, a small underestimation of line traffic or 

of message size, or both, could cause unacceptable response
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times for the centralized configuration.

Three-hundred-character-per-second lines for the dis­

tributed configuration, on the other hand, would increase 

line utilization to 25% and 17%*, respectively. Both these 

numbers are well within the acceptable range. The slower 

line speeds increased LIFO response time an average of only 

six percent, which was still within the design goal of 

seven seconds. Average customer time in office over all 

cities increased to 142.54 seconds, or 1.38 seconds longer, 

on the average, than the centralized configuration.

Therefore, 3CO-character-per-second line speeds cannot 

be recommended for the centralized configuration, but are 

recommended for the distributed configuration. Lowering the 

line speed will decrease both cost and line transmission 

errors for the distributed configuration.

CPU Utilization

The CPU utilizations for the two configurations are quite 

different. The centralized configuration 'S/370 Ml 45) model 

reported CPU utilization of 53%. The distributed configura­

tion (S/370 M135s) model reported 42% and 31%, respectively. 

One way to contrast the two configurations is to compare the 

CPU left available fcr other processing above what the case 

study requires. For the centralized configuration, this is 

100 - 53 - t-n% availcable (Ml 45).

*Actual model execution results.
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For the distributed configuration, this is

(100-4.2)' + (100-^1) = 53,1 + 69,v available (:il35).

To make a direct ecaparison.

69 * 5/7 = 

91.0,1 (1-1145)

That is, the distributed configuration leaves 9\/a of a Model ■ 

145’s processing power available. This is twice what is 

Bva.ilable in the centraliaed configuration.

TherefO;-,e, the distributed configuration requires con­

siderably lec s of the total proces’sln^ capaollity of the 

co.-iputing system than the centralized configuration to pro­

vide equival-nt terminal response times. 

L'ata Mana-""::.:. nt pacilit■; LTtlli/:ation

Data r-a-; areicent facility "utilization v/us 6.4;1 for the 

c-ontrallies onfi^oration. For the distributed confiy.’ration, 

data uar.aye : nt- facility utilir.ution '."as 3-6,< and i.a.d, for 

the bardv.'or-"- systems in Los .-jiyeles and dan Francisco, 

respectively. The average response time for the data man^ye- 

ment facility in the centralized confiyuration v-'as 7.7 centi- 

sec-onds. That is, it Look 7.7 contlseconds, on tas averaye, 

to retrieve all the infornatlnn required to process any 

yi.ven turbinal transaction. the dlsiribatud confiyuration, 

uveraye data aanayeuent fo.oility reopense time was 7.61 and 

7.45 centiscconds.
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COST COMPARISON

Processing Center Costs

Cost of each of IBM System/370 Models 135 and 145 are 
compared in relation to case study configurations.

Component configurations for both of the IBM System/370, 

Models 135 and 145 are shown in Appendix C.

All costs quoted in this section are derived from the 

IBM Consultants Manual, and reflect normal monthly rental 

rates, with no discounts for long-term leases or any other 

discounts. It should be realized, therefore, that costs 

quoted in this section may be higher than actual lease 

rates. No obligation is expressed or implied on the part 

of IBM for correctness or completeness of these quoted 

configurations and costs.

The S/370 Model 135, as configured in Appendix C, 

Figure C-1, leases for $21,021 per month.

The S/370 Model 145, as configured in Ixppendix C, 

Figure C-2, leases for $36,634 per month.

Processor costs for the distributed system proposed for 

case study solution, with two S/370 Model 135s would be 

$42,042 per month. Processor costs for the centralized 

system is just the cost of a S/370 Model 145, $36,634 per 

month.

The prices quoted above consider equivalent I/O equip­

ment on each processor. Therefore, the distributed 
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configurations contain twice as many disk and tape drives as 

the centralized system. This may or may not be required, 

depending upon what background jobs are to run on the 

machines. If not required, rental rate can be reduced by 

$3,455 per month on systems in the distributed configuration.



68

COST COMPARISON

Line Costs

Cost of the leased lines are discussed in relation to the 
proposed case study configurations.

Line configurations for analysis of the case study were 

discussed in Chapter 5, Line Configurations. The cost of 

each link, as shown in Figures 5-3 and 5-4, was calculated 

using AT6T tariff information. Distances between cities 

were calculated using standard H,V coordinates for each city 

from the Donald Elliptic Projection of the United States. 

The cost of terminals and modems is included as part of line 

costs.

Total line cost for the centralized system is $18,724.95 

per month. Total line cost of the distributed system is 

$18,9 55.36 per month. Figure 7--1 breaks down the total cost 

for each configuration.



69

Line Cost

Centralized Configuration

Cost of lines $ 6,390,96

C-2 conditioning 532.00

Cost of terminals 9,885.00

Service terminal charge 291.00

Additional service terminal charge 11.00

Data set charge 1 ,615.00

$18,724.96

Distributed Configuration

Cost of lines $ 6,632.36

C-2 conditioning 532.00

Cost of terminals 9,885.00

Service terminal charge 291 .00

Data set charge __ 1,615.00

$18,955.36

Line Costs

Figure 7-1
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Personnel Cost

Personnel costs are discussed in relation to the proposed 
case study configurations.

Personnel requirements to support the current customer 

accounting application are discussed in Chapter 4, Personnel 

Requirements. Some changes can be made with the implementa­

tion of an online system. The system is being designed to 

support requirements in five years; therefore, for the sake 

of simplicity, personnel requirements will be costed at a 

level rate using the number of people required in five years. 

Actual cost may be lower or higher, depending on actual 

personnel growth rate, and cost of salary increases over 

the five-year period.

The minimum number of customer service personnel to 

still meet, s; stem requirements was determined through the 

GPSS model bv decreasing the number of clerks at each office 

until requirements were not met at each respective office, 

or until clerk utilization at that office rose above 70%. 

This number of clerks is then the minimum required to sup­

port response time requirements. Note that the output in 

Appendix E shows clerk utilization higher than 70% because 

the model at this point simulates online customer accounting 

of mail-in payments. This simulates the real-life situation 

where a clerk may be. busy when a customer walks in to make 



71

a payment, causing the customer to wait momentarily.

The minimal number of clerks required to support re­

sponse time requirements in five years is 93. However, 

to account for vacation, illness, and other time off, a 

total of 110 clerks are required, totaling $49,500 per 

month in salary.

Data processing personnel requirements are different 

for the centralized and the distributed configurations.

Centralized system - Personnel requirements will re­

main the same as stated in Chapter 4, except as follows:

a. Programmers (4) - $1,000/month.

b. Lead keypunch operator - not needed.

c. Keypunch operators (3) - $500/month.

d. Clerks (2) - $450/month.

Data processing personnel for the centralized system 

total 16, and total salary is $13,000 per month.

Distributed system - Personnel requirements will re­

main the same as stated in Chapter 4, except as follows:

a. Programmers (4) - $ 1 ,000/month.

b. Operations Supervisors (2) - $ 1 ,000/month.

c. Lead operators (4) - $700/month.

d. Shift operators (4) - $650/month.

e. Lead keypunch operator - not needed.

f. Keypunch operators (3) - $500/month.

g. Clerks (3) - $450/month.
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The bulk of the data processing personnel remain at the 

main office in Los Angeles. Only one operations supervisor, 

two lead operators, two operators, and one clerk reside in 

San Francisco. Data processing personnel for the distributed 

system total 22, with a total salary of $17,150 per month.
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COST COMPARISON

Cost Summary

Total system cost is summarized for each processor 
configuration.

Figure 7-2 summarizes the total system cost, including 

processor, communication line, and personnel costs, with 

respect to the proposed centralized and distributed con­

figurations .



CENTRALIZED DISTRIBUTED

Processor type S/370 Ml 45 two S/370 Ml 35

Processor cost $36,634.00 $42,042.00

Communications cost 18,724.96 18,955.36

Personnel cost 13,000.00 17,150.00

Total cost $68,358.96 $78,147.36

Cost Summary

Figure 7-2
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RELIABILITY COMPARISON

Reliability: A Function of Redundancy

Computer systems reliability is an important aspect of 
systems design. Back-up procedures must be devised for 
use in the event of system failure.

Reliability is an important aspect of system design. 

It is imperative to the customers or users of any system 

that the system be available when needed. Suppose someone 

walked into his bank and was told he could not make a with­

drawal from his savings account because the computer was 

down; he might well be frustrated enough to move his account 

to another bank.

The point to the example is that reliability is an im­

portant consideration and, for this reason, back-up proced­

ures must be devised for every system.

It is obvious that reliability is a crucial aspect of 

hardware procurements. Contracts for hardware procurements 

specify reliability as a requirement (although, unfortunate­

ly, sometimes just as a general comment such as "the system 

shall be reliable"). Actually, the national average on 

mean time between failure, and mean time to repair for pro­

posed equipment should be a required figure in an offeror's 

proposal (if applicable). Some contracts go to the extent 

of not paying rental until an installed system has demon­

strated its reliability by continual operation for some 

period of time without f-tilure.
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However, no matter how well the system was manufactured, 

and no matter how much preventative maintenance is per­

formed, it will eventually break down, possibly at the 

height of customer usage. The well-managed company will 

be prepared for this occasion, and its back-up procedures 

will be immediately effective. Service may be below par 

until the system is repaired, but at least the customer 

will be able to make a withdrawal from his savings account.

For small companies, perhaps a manual method would be 

adequate for back-up. In the case study, a listing of cur­

rent account balances for each branch office could be mailed 

to each respective office on a weekly basis. Then, in the 

event of computer failure, or loss of communications capa­

bility, the listing would be available to aid customer 

serv.ices.

Larger c^mipanies might W'ell consider duplexing their 

system. The Mission Control Center at the Johnson Space 

Center in Houston, Texas, supported the Zipollo and. Skylab 

missions, and is a good example of a large-scale system. 

Three Univac 494s for communications, five IBM 350/75s for 

application processing, and two CDC CYB2R/73s for data base 

processing, were used. Within each of the three classes, 

all machines were switchable; any one could be used for 

support. Each machine was complete of itself (in its 

class); no components were shared with any other machine 
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in the same class (no single points of failure). Two of 

the 360/75s were used during critical phases of Skylab to 

support the real-time system. The other three 360/75s were 

used to support the Skylab terminal applications. Both 

machines supporting the real-time system received identical 

input and performed identical operations, but results of 

one were "bit-bucketed," except for certain monitor dis­

plays. If something happened to the primary 360/75, turning 

one switch (requiring much less than a second) permitted the 

secondary 360/75 to take the primary role. If something 

happened to both machines, less than ten seconds were re­

quired to initialize and have operational a third 360/75, 

vjhicb might have been supporting the terminal system, 

running jobshop or some other non-Skylab related job. 

Obviously, reliability is extremely important in manned 

spaceflight systems.

The major drawback to duplexed systems is cost. Most 

companies do not find it cost-effective to have an extra 

computer waiting to be used only if the first one fails, 

especially when it would have to possess similar capability 

as the first. However, it might be justifiable if the 

second machine can be used for other services that can be 

interrupted in the event the first, computer fails.
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RELIABILITY COMPARISON

Configuration. Reliability Comparison

From a reliability standpoint, the function of any comput­
ing system is to provide support of customer transactions 
throughout the entire work day, without failure.

Computing system reliability is the major issue for this 

comparison. Other items, such as software reliability, 

should be fairly constant between the two configurations.

Wilkov, in his definition of computing system reli­

ability (6), includes CPU (node) and communication line 

reliability. The most reliable configuration is one where 

failure of a node or a line affects communication between 

the least number of operating nodes; or, the operable system 

is not affected without failure of a maximum number of lines 

or nodes. Therefore, a reliable system is one in which there 

are redundan - paths among all nodes. Obviously, services 

tied to a failing node are not accessible, but the rest of 

the computinj system is serviceable.

Two lines are used for the distributed configuration; 

therefore, a single line failure could affect at most half 

the local offices. The probability of both lines being in­

operable seems small. Thus, if one line does fail, offices 

tied to the failing line must go to manual back-up pro­

cedures to serve their customers until the line becomes 

available. If the line fails on the centralized system. 
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or if both lines fail in the distributed system, all offices 

must use the back-up procedures.

With either configuration, modems could be equipped with 

back-up switchable support. Then, in the event of line 

failure, public lines, through DDD, could be used until the 

leased line problem was corrected. However, line speed 

would probably have to be dropped to 300 characters per 

second over the non-conditioned lines.

A processing center failure in the centralized system 

stops operation of the entire network. Again, in the dis­

tributed system, only half the network would be affected. 

If we went a step further in the distributed system and put 

mini processors with their own data base storage at each 

local office, CPU failures would affect only the local 

office.

With the distributed system, a processing center failure 

need not force local offices to a manual back-up procedure. 

The line connecting the two processing centers could be 

connected to the line tying local offices to the failed CPU 

through a multiplexor or concentrator. All local offices 

would then be connected with the operable CPU. However, a 

problem still exists: tlie data for local offices normally 

tied to the failed CPU still resides on the failed CPU. 

This is a very difficult problem, and one that must be ad­

dressed before distributed data base systems will be an 
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extremely viable configuration alternative.

For the case study, each center will exchange current 

data with the other center once a week. This could be done 

through the mail or over the line between the two centers. 

Then, in the event of failure in one processing center, the 

other processing center can support with no more than week- 

old data, which matches the manual back-up procedure. When 

the failed processing center again becomes available, all 

its transactions during the failed time period must be re­

processed to bring the online data base up to date, and 

resolve any conflicts caused by using the old data.

If the processing centers are sufficiently close, the 

permanent, online data bases may be switchable among the 

CPUs. This allows a secondary processor to directly access 

and update the permanent data base for a failed processor. 

This arrangement is implemented in the Real Time Computer 

Complex at NASA's Johnson Space Center, with a 2314 Direct 

Access Storage Facility that is switchable to any of the 

five IBM S/360 Model 75s. The data base for the Skylab 

Terminal System, residing in this facility, was switched 

to whatever CPU was supporting the terminal applications 

using the data base.
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Case study analysis shows that for equivalent cost the 
distributed configuration offers better perf or-nance and 
better reliability than the centralized configuratlon.
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Chapter 6 diecusasa the relative performance of the two 

configuratlcns. To summarise, terminal response, time away 

from customer, and customer time in branch office are equiv­

alent between the two configurations. So, the design goal 

of equivalent external response times between ths config­

urations is met.

However, internal CPU performance for the two ccnfig- 

uratlons is different. The centralized, configuration uses 

53% of a System 370 Model 145, while the distributed oon~ 

figuration uses a total of 73% of a System 370 Model 155,

The 73% 0P0 used in the distributed configuration trans­

lates to 5^%* of a Model 145. This lower percenta.ge utili­

sation,while only slightly lower than the centralized con­

figuration, is most lilrely due to smaller queue times in 

the distributed configuration, I believe that a more detailed 

model of CPU process tlws, including queue maintenance, 

woule show a greater difference between the two configurations.

A comparison of data management facility utilization and 

response times for a centralized versus a distributed oomput-

*Uslng the 5/7 ratio as defined and used in the model.
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Ing system is ?n important goal of this thesis. Relative 

performance and comparative cost of the two configurations 

is the crucial aspect of the decision to implement one or the 

o the r c onf igura t, 1 on,

As stated in Chapter 6, the model of the distributed 

configuration reported lower data management, facility util- 

laatioz>.s and. faster data management facility response times 

than the model of the centralized configuration. Data manage­

ment facility response times were as much as 6% faster for 

ths distributed configuration. An even greater difference 

might be observed if data management facility utilization 

were higher than the reported 7%', Lower data management- , 

facility utilization contributes to the faster response 

times, because of shorter queue times, and also provides 

greater growth potential, in utilization, than the central­

ized configuration.

Chapter 7 discusses the relative coet of the two con­

figurations. The centralized, configuration total cost is 

$68,353.96 per month. The distributed configuration total 

•cost is 578,147.36 per month.

A strict cost, comparison would show the centralized 

configuration a better alternative than, the distributed 

oonfiguration, due to its lower cost. However, these costs 

can not necessarily be compared directly. Chapter 6 discusses 

dropping line speed to 300 characters per second instead
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<’>f 609 characters per second. At tha lower spesd8 line 

conditioning is not neoeaaary, reducing juonthly cost by 

$532 for the distributed, ocnfiguration. Chapter 7 points 

out that the peripheral equipment on each syatea in the 

distributed configuration is the sane as on the system in 

the centralized configuration. Therefore, twice as many 

tape and dlak drives are available in the distributed con­

figuration as in the centralized configuration. If this is 

not needed, rental can be reduced by $3,455 per system per 

month.

Therefore, the distributed configuration costs 

$2,346.40 per month over the cost of the centralized con-
> 

figuration. This additional cost for the distributed c©n- 

figuration Is only 6% of the monthly rental, cost of a e 

Model 145«
The cost/performance comparison of the two configur­

ations is therefore complete for this thesis. For approx­

imately equivalent cost, the distributed configuration 

offers better CPU and data, management facility performance 

than the centralized configuration. 

Other Factors

Other factors contributing to the conclusions are 

available resources and reliabllitjr in the computing 

system.
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Anotlicr way to compare the two configurations is to 

consider the CPU available for other functions above what 

the case study requires. For the distributed configuration, 

127% of a Model 135 is equivalent to 91% of a Model 145. A 

direct comparison is now possible between the two configura­

tions: 17% available for the centralized configuration, and 

91% available for the distributed configuration. This dif­

ference is significant! It shows that, while maintaining 

equivalent external response times, the distributed con­

figuration can support nearly twice the background load that 

the centralized configuration can support.

Also, consider what would happen if the processing- load 

for the case study were doubled in each processor. Just 

assume that the processing load were underestimated by a 

factor of two. Doubling the 53% utilization of the central­

ized configuration would require a faster CPU just to get 

the processing done. On the other hand, doubling utiliza­

tion of each processor in the distributed configuration 

yields utilizations of 84% and 62%. While 84% is high, both 

are within an acceptable range, demonstrating that the dis­

tributed configuration has better potential for supporting 

growth of the application system.

I contend that these differences are significant enough 

to give the distributed configuration a distinct performance 

advantage over the centralized configuration.
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As Wilkov (6) pointed out, reliability means more than 

not having a particular piece of hardware fail. Reliability 

must be defined in terms of the users of the computing sys­

tem. The user of a computing system usually does not care 

whether or not a particular hardware box is or is not oper­

able. All he cares about is that he can get his problem 

solved within a reasonable time period. The only time a 

user is concerned about particular hardware failures is 

whenever a unique, or singular, piece of hardware fails. In 

the centralized configuration, the CPU is singular; that is, 

there is no hardware backup for it. If it fails, the user 

cannot use the system until the CPU is repaired.

In the distributed configuration, there are more hardware 

devices than in the centralized configuration. Therefore, 

there may be more hardware device failures in the distributed 

configuration. However, these hardware failures should have 

less effect upon the system users than hardware failures in 

the centralized configuration.

This discussion has shown that for the case study, the 

distributed configuration offers better performance and 

better reliability, at only slightly larger cost than the 

centralized configuration. I can only conclude that the 

distributed configuration is a better alternative than the 

centralized configuration for the case study.
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CONCLUSIONS

Other Considerations

An interesting question would be to ask how to improve 

performance in the case study.

Adding terminals and clerks in each local office would 

decrease queue time in the local offices to some extent. 

However, this may cause longer queue times in the CPU and 

therefore cause longer LIFO response times.'

Nov; the interesting part of the question is how do we 

decrease queue time in the CPU, and thereby reduce LIFO 

response time? The standard, obvious answer, used many 

times, is to get a bigger, faster, and more expensive CPU.

I believe there is another answer that may be better.

A logical extension of the conclusions drawn in the previous 

section is that multiple CPUs connected in a distributed 

configuration could provide more cost-effective processing 

capabilities than one, or a few, large processors.

However, as in all trade-offs, the pendulum can swing 

too far in the other direction. It seems clear that the 

processing job cannot be broken into too many pieces, be­

cause interprocessor communication would become so large 

that it would negate any response time gained by overlapping 

the processing. An attempt to determine this break-even 

point would make an interesting research topic.
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One other model run was made which has a bearing on this 

point. The run was to compare performance of a distributed 

configuration versus a centralized configuration in a dif­

ferent environment, and merits discussion.

In a distributed configuration, some probability exists 

that a terminal request being processed by one CPU will need 

data from a data management facility of another CPU. Pro­

vision for this was made in the model, and the probability 

of intercommunication occurring can be modified by changing 

a GPSS function in the model. For the case study, the prob­

ability of this occurring was specified at about one percent 

of all transactions.

One execution of the model was made specifying 100% 

probability of intercommunication occurring. Results showed 

very poor performance. External response times were larger 

than their respective goals. Queue times increased dras­

tically, with queue time for the CPU more than doubling. 

Utilization of all network components increased.

It is obvious, then, that for the distributed configura­

tion to be effective, the information set must be divided 

such that a large percent of data requests by a CPU are 

satisfied from the data management facility directly associ­

ated with that CPU.

It is important to note here, and further disucss in 

Appendix B, that another popular hardware configuration 
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exactly matches the distributed configuration with 100% 

probability of intercommunication. One installed example 

of this hardware configuration is the Distributed Computer 

System. The DCS provides a single data management facility, 

through which all processors must access all required data.

I conclude from this model execution, that, unless it 

is impossible to divide the information set to preclude a 

large amount of interprocessor communication, a better cost/ 

performance ratio could be achieved by distributing the data 

through the computing system.
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APPENDIX A: OTHER MAJOR CONFIGURATIONS

CYBERNET (1)

The CYBERNET is a distributed, heterogeneous network 
composed of CDC 6600 and 3300s.

The CYBERNET network was formed to connect Control Data 

Corporation's existing data centers, and provides an example 

of a currently operating commercial network. It was ex­

pected that by connecting the centers, they would gain:

1. greater throughput by load balancing

2. greater utilization of available resources

3. better reliability

4. the convenience of enabling a customer to choose

a configuration that is best suited to his problem 

rather than one which is best located geo­

graphically .

CYBERNET is a distributed network consisting of CDC 

3300 and 6600s connected by voice and wide-band (UO.Skbs) 

lines. The 3300s are used as network controllers.
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APPENDIX A: OTHER MAJOR CONFIGURATIONS

CYCLADES (2)

The CYCLADES network is a distributed, heterogeneous network 
composed of CII, PHILIPS, CDC, and IBM computers.

The CYCLADES network is being developed in France to 

link twenty heterogeneous computers located in universities, 

research and data processing centers. Experimentation in 

data communications, computer interaction, cooperative re­

search, and distributed data bases are goals of the network 

implementors. A particular objective is to provide various 

departments of the French Administration access to multiple 

data bases located in geographically distant areas.

Host-to-host protocols are based on a simple message 

exchange procedure. CYCLADES used a packet-switching sub­

network as a transparent message carrier. Message addresses 

can have variable formats, and messages are not delivered in 

sequence.
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APPENDIX A: OTHER MAJOR CONFIGURATIONS

Distributed Computer System (1)

The DCS network is a distributed, heterogeneous network.

The Distributed Computer System (DCS) is a distributed, 

experimental network constructed at the University of 

California at Irvine. All nodes of the network are of the 

PDP family of mini- and midi-scale computers. Network 

communication used Bell System T1 technology to implement a 

digital communication ring. The communications controller 

is a fairly sophisticated, but non-programmable hardware 

device called the ring interface. There are three types of 

ring interface:

1. to support a host computer

2. to support direct attachment of a terminal

3. to support the construction of a network of rings, 

operating similar to basic ring operation.

The stated aims of the network are:

1. low maintenance cost and modest start-up cost

2. low incremental expansion cost

3. easy addition of new services

4. reliability.

The network is not planned as a commercially viable 

system, but to explore distributed architecture issues.
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A distributed data base capability is planned and is in­

cluded in the figure. The main novel feature of the 

communications protocol, designed for a distributed system, 

is that messages are addressed to the receiver by means of 

the name of the receiver, not by the receiver's location. 

Thus, the receiver can be allowed to migrate to other com­

puters without having to inform the transmitter of its 

movement.



THE DISTRIBUTED COMPUTER SYSTEM

Figure A-1 UD 
V
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APPENDIX A: OTHER MAJOR CONFIGURATIONS

Michigan Educational Research Information Triad (1)

The MERIT network is a distributed, heterogeneous network 
composed of IBM 360/67s and CDC 6500s.

The MERIT network is a cooperative effort among the 

Michigan State, Wayne State, and Michigan Universities. Its 

aim is to share educational computing resources through a 

computer network.

The MERIT network is a distributed, heterogeneous net­

work consisting of three nodes. Each host computer is 

connected to the communication network by means of a modified 

DEC PDP-11/20. The communications lines are a group of dial­

up, 2000 bps voice grade lines.

The PDP-11/20 is capable of providing a variable length 

message transfer from PDP-11/20 main storage to host storage 

or to the communication system. In addition, it allows the 

host computer to treat the PDP-11/20 as several peripheral 

devices. This simplifies the host software since it allows 

the dedication of a pseudo-peripheral device to each user.

The PDP-11/20, or communication controller, is capable 

of acting as a store-and-forward system. Thus, if a path 

is destroyed, an alternate path exists via another com­

munications controller.



MERIT NETWORK

Figure A-2
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APPENDIX A: OTHER MAJOR CONFIGURATIONS

The OCTOPUS System (1)

The OCTOPUS System is a mixed organization, heterogeneous 
network composed of CDC 6600s and 7600s.

The OCTOPUS System is an elaborate heterogeneous network 

composed of a complement of devices, including two CDC 6600s, 

two CDC 7600s, and eventually will include a CDC STAR. These 

machines operate as time-shared facilities, serving the 

Lawrence Berkley Laboratory. The Laboratory plans to pro­

vide a centralized data base to serve the wide variety of 

input-output devices that view the network as a single re­

source.

The communications protocol utilizes a store-and-forward 

method, over twelve-megabit capacity hardwired cables. The 

system can be considered as two superimposed subnetworks. 

The first is a File Transport subnet consisting of the 

workers, a transport control computer - a dual DEC System 

10, and the file storage. The second network is a Teletype 

subnet consisting of PDP 8s (each supporting 128 terminals), 

the workers, and the transport control computer. It should 

be noted that the Teletype subnet is a distributed network, 

while the File Transport subnet is a centralized subnet. 

The dual DEC System 10 insures reliability in this central­

ized subnet. In addition, while the subnets are logically 

independent, there are cross couples providing redundant 

paths in the event of failure.
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APPENDIX A: OTHER MAJOR CONFIGURATIONS

Time Sharing System (1)

The TSS is a distributed, homogeneous network composed of 
IBM S/360 Model 67s.

The TSS network is composed of homogeneous computers 

with distributed processing. Each host consists of a 360/67 

operating under the TSS/360 operating system. Some of the 

nodes also have local networks of 360s, but these do not 

appear as hosts in the TSS network.

The nine nodes are connected via voice grade, switched 

(DDD) lines through IBM 2701 and 2703s. Therefore, all 

error recovery, store-and-forward, and other line control’ 

functions execute in the host machine. There are plans to 

expand to 50 kbs lines when the demand exists. There are 

also plans to attach a 370/145 to act as a communication 

processor anc data base manager.

Since all machines on the network are similar, program 

and data interchange is possible. Both dynamic file access 

and remote batch are available.
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APPENDIX A: OTHER MAJOR CONFIGURATIONS

TYMNET (4)

TYMNET is a distributed, heterogeneous network composed of 
Burroughs, IBM, CDC, XDS, and DEC computers.

TYMNET, of Tymshare, Inc., is a distributed network 

where data can travel from node to node without" going 

through a central location. However, network control is 

centralized.

As of April, 1973, TYMNET supported 54 cities with 37 

large-scale computers using over 40,000 miles of leased 

telephone lines. The network consists of 80 communication 

processors called Tymsats (Tymshare satellites). Each city 

serviced has at least one Tymsat. The Tymsat is a modified 

Varian 620 minicomputer with at least 8K words of memory. 

Each Tymsat can handle up to 32 asynchronous low-speed lines 

(110-300 baud) and up to three synchronous lines (2400-4800 

baud). The Tymsat provides automatic baud rate detection 

and code conversion for these lines.

Tymsats are connected with C2-conditioned Bell long 

lines through Bell 201 and 203 modems. Lines are full- 

duplex, although half-duplex is also permitted. A check­

summing algorithm is used to detect errors on the synchronous 

lines connecting Tymsats. Messages are broken into packets 

of 12 to 66 characters. A 16-bit vertical check sum and a 

16-bit spiral check sum are added at the end of each packet. 
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When a packet is successfully received, that packet's number 

is returned, to the sending Tymsat. If an error is detected, 

the block is disregarded and not acknowledged by the receiv­

ing Tymsat. An unacknowledged packet is automatically re­

transmitted by the sending Tymsat.

A Tymshare computer is linked to the network through a 

Tymsat base, differing from a Tymsat in that it does not 

support asynchronous lines. It connects directly to a 

memory buss on a host computer and has up to five synch­

ronous lines for connecting to other Tymsat bases.

The controller of Tymnet is the network supervisor, a 

program that runs under time sharing on an XDS 940. It 

handles log-ons, performs diagnostics, keeps statistics, 

and, in general, controls the network.
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APPENDIX B

Other Processor Configurations

Two other variations of hardware configuration are the 
front-end and the front-end/back-end configurations.

Two other hardware configurations merit discussion due 

to their current popularity in systems design. However, 

they will not be included as proposed configurations for 

the case study due to their similarity to the two proposed 

configurations, and due to their inherent disadvantages.

Front-end configurations

A high degree of sophistication and effective data 

communication and network processing is achieved in the 

front-end concept (Figure B-1). This configuration 

emphasizes the concentration of all related data com­

munication functions in a large-scale front-end system. 

The functional elements of the front-end configuration in­

clude the large-scale data communication system connected 

directly or through a comrriunications controller interface 

to the host processors. The data base(s) may be attached 

directly to the host processors, and all application 

oriented functions, including data base processing, is 

handled by these processors. The basis for the front-end 

concept is that through the concentration of all data com­

munication functions in one large-scale system, this
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Network/Terminal 
Data

Front-End Data Communications Configuration

Figure B-1
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function is performed more efficiently. Some of the func­

tions performed by the front-end system are network support, 

terminal support, and message switching. One of its most 

important functions is that of controlling communication 

between the host processors, including the routing of mes­

sages, commands, and data from the data bases.

An example of concentrated front-end processing is the 

mission configuration in the Real Time Computer Complex. A 

large-scale communications oriented system does the front­

end processing, including support for the Manned Space Flight 

Network, message switching, and terminal controller, while 

host computer systems are dedicated to application functions.

Front-end/back-end configuration

The front-end/back-end concept (Figure B-2) allows 

maximum computing power to be applied to each of the dis­

tinct functions in the configuration: data communication, 

application processing, and data base processing. The 

functional elements incorporated into this configuration 

include at least three distinct computing systems; one to 

handle the data communication function, one to handle all 

application processing, and one to handle the data base 

processing. These systems are connected directly or through 

a communication controller interface. The front-end or data 

communication system provides full support for all terminal 

and network processing including message switching and line
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Network/Terminal 
Data

Front-End/Back-End Specialized Processors

Figure B-2
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control, /additionally, this system provides centralized 

access to all host processors in the configuration, routing 

messages into and out of the network. The back-end or data 

base system provides access to the data base for all of the 

host processors. The data base system could also be the 

mechanism for inter-host communication, rather than using 

the front-end system. The host processors provide all of 

the necessary application functions, using the front-end 

system for external communication and the back-end system 

for data base processing.

An example of this type of configuration is the termi­

nal system used to support Skylab missions in the Real Time 

Computer Complex. The front-end system receives and pro­

cesses terminal data, and then routes it to the host pro­

cessor where the data is processed and stored on the back­

end data base system.

Variations of this configuration are possible. The 

data communications and the data base processor could be 

combined in a front-end configuration. Each host could 

support its own data communications while utilizing the 

back-end data base processor. The Distributed Computer 

System is of the latter format.
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Configuration disadvantages

Centralization of data communications or data base 

support obviously permits a great deal of sophistication, 

or specialization of the processor(s) responsible for those 

tasks. This leads to efficient, cost-effective utilization 

of communication and data base support tools.

However, one aspect of these configurations that seems 

to be continually underestimated is the amount of communi­

cation required among the communication and data base 

processor(s) and the host processor(s). Design of efficient 

communications protocol between any two processors is a dif­

ficult task; and when every terminal command must pass 

through inter-processor communication and ten or twenty, or 

more, data base requests per terminal, request must go through 

inter-processor communication, efficient protocol becomes 

most crucial to systems operation. In some cases, host com­

puter resource usage for inter-processor communication 

exceeds what would be required if the host processor per­

formed the actual data base support itself.

The interface handler between the host processor and 

the data base processor for the Skylab missions at the 

Mission Control Center can be used as an example. The data 

base processor for this system supported up to 2.1 billion 

8-bit bytes of data. With such a large on-line data base, 

a separate data base processor was deemed necessary: the 
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host processor was already too busy to manage that much data. 

However, the interface handler in the host processor, con­

trolling communication with the data- base processor, required 

better than sixty thousand bytes of main memory, and better 

than ten percent of the CPU, even after using special designs 

and capabilities of the Real Time Operating System. An 

interesting experiment, now, would be to redesign the system 

such that the host processor was responsible for all data 

base processing, and compare performance, or throughput, of 

the two designs.

Obviously, inter-processor communication is a signifi­

cant portion of host processor resource utilization, and 

proper consideration must be given to this point in design­

ing computer configurations.
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APPENDIX C

Hardware System Components Listing

Following is a list of hardware system components as 

taken from the IBM Consultants Manual. No obligation on the 

part of IBM is expressed or implied for completeness or cor­

rectness of this list.
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System/370 Model 135

3135 Processing Unit (Model I)

3046 Power Unit

Special Features

12K Storage Increments

Extended Precision Floating.Point

Channels

Selector Channels

Block Multiplexor Channels

Byte Multiplexor Channels

Console Functions

3210 Console Printer - Keyboard

3210 Printer Adapter

I/O Units

14 42 Card P.ead - Punch

Integrated Printer Adapter

1403-N1 Printer

1416 Train Cartridge

Disk Files

Integrated File Adapter

.3333 Disk Storage and Control

3330 Disk Storage
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Magnetic Tape

3803 Tape Control

3420 Mag Tape Unit

Communications

Integrated Communication Adapters

Synchronous Data Adapter Type II
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Figure C-1
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Systein/37 0 Model 145

3145 Processing Unit (Model J2)

3047 Power Unit

Special Features

Clock Comparator and CPU Timer

Channels

Same as Ml 35

Console Functions

Same as Ml 35

I/O Units

1442 Card Read - Punch

3811 Printer Controller Unit

3211 Printer

3216 Interchangeable Train Cartridge

Disk Files

Integrated Storage Control

3333 Disk Storage and Control

3330 Disk Storage

Magnetic Tape

Same as Ml 35
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Communications

3704 Communications Controller (Model A4)

Channel Adapter (Type 1)

Communications Scanner (Type 2)

Line Interface Base (Type 1)

Line Set (Type 1H)

Business Machine Clock
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3286 
Printer

System/370 Model 145 Configuration

Figure C-2
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APPENDIX D

Performance Model Explanation

Following is a brief discussion on the GPSS model logic 

flow and verification of the major functions and uses of the 

model.

Model Logic Flow

Figure D-1 shows an overall view of what happens in a 

branch office in the case study, and, correspondingly, the 

basic logic flow for the model. Appendix E shows the de­

tailed logic flow for the distributed data base system.

In Figure D~1, steps 5-8 comprise the terminal re­

sponse time, which the IPL Company desires to keep below 

7 seconds. Steps 3-9 comprise time away from customer, 

which IPL wants less than 180 seconds. Steps 1-11 make 

up time in branch office, which IPL wants less than 6 

minutes.

Function Verification

Intergenerate time -
Z<359274 accountsX /'20% peak hour\ /'*50.5%\

21 days ) V ) \ >

= 1728 transactions per peak hour

= .48 transactions per peak second.

So, interarrival time = 1/.48 = 2.08 seconds.

*Total transactions coming into office; see TTYPE function.
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1. Customer walks into branch office.

2. Customer talks to clerk.

3. Clerk goes to terminal.

4. Clerk keys-in message.

5. Message sent down line to data processing center.

6. Message is processed.

7. Reply sent down line to terminal.

8. Reply is printed on terminal.

9. Clerk leaves terminal.

10. Clerk talks to customer..

11. Customer leaves branch office.

What Happens in a Branch Office?

Figure D-1
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Transaction type - TTYPE function -

Walk-in transactions, as percent of total active accounts, 

from Chapter 4:

1. 25.5%

2 . 4.5%

3. 6.2%

4. 2.8%

5. 5.5%

6. 5.1%

7. .9%

Total -- 50.5%

Each transaction type, expressed as percent of transactions

coming into branch office:

percent cumulative percent

1 . 50.5 50.5

2 . 8.9 59.4

3. 12.3 71.7

4. 5.5 77.2

5. 10.9 88.1

6. 10.1 98.2

7. 1.9 100.1

The cumulative percent above was used to define the TTYPE 

function in the model.
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Model Validation

Each table was compared against its generation function 

for statistical equality. In addition, the following three 

areas were investigated.

A. Warm-Up Period

One definition of warm-up time, or time required for 

normal queues to build up, is to simulate enough time such 

that the least frequent transaction occurs at least five 

times.

Using this definition, the warm-up time for the GPSS 

1100 model was calculated.

Least frequent city = 1.5%

Least frequent transaction type = .9%
So: (%15) (.0 09^ *X = 5

or X = 5/0.000135

where X equals the number of transactions that must be 

generated during the warm-up period.

Then: X = 37,037. At average intergenerate time of 

two seconds, warm-up time = 37,037*2 seconds, or 20.6 hours.

A warm-up time of 20.6 hours is not meaningful. The 

peak period being simulated is only one hour. The actual 

computer time used for a 20.6-hour simulation warm-up 

would be extensive.
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Therefore, a warm-up time of 30 minutes, one-half the 

time being simulated, was chosen. Actual computer time 

usage was still better than two hours for the simulation 

as shown in Appendix E.

B. Simulation Period

The simulation period, or length of each simulated time 

period, should also be long enough for the least frequent 

transaction to occur five times. It was chosen to simulate 

two hours, or 1/10th of the 20.6 hours, as an appropriate 

trade-off between actual computer usage and complete 

statistical validity, according to the definition. In 

actual practice, it is doubtful that there would be statis­

tically meaningful difference between a two-hour and a 

twenty-hour simulation for this model. The next section 

will explore this further.

C. Number of Runs

It is necessary to make more than one model run to en­

sure results are not due to one particular sequence of 

pseudo-random numbers, and that the model is stabilized. 

Since the simulated time period is only 1/10th that calcu­

lated for run time, it is important to assure that the 

model has reached stabilization.
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To decide if the model has stabilized, the customer 

time in office in the smallest city in each run will be 

compared. If the time in office is statistically equivalent 

in each run, it will be assumed that the model is stabilized.

Following are the results of one particular set of runs:

Run Number
Reported Mean 
Time in Office

Standard 
Deviation

1 117.18 93.118

2 123.10 92.11

3 120.86 93.08

Due to the closeness of these numbers, it appears the 

model is near the stabilization point with three runs. As 

the three runs plus the warm-up period require better than 

two and one-half hours actual CPU time, and four to five 

hours elapsed time, it was decided not to increase the 

number of runs above three.

Other Notes

A. Model Errors

/appendix E contains the results of a typical execution 

of the distributed configuration model. One error in the 

output should be pointed out.

An exponential function is used to calculate inter­

generate time for transactions coming into a branch office. 

The intergenerate time is then tabulated, in GPSS table T81, 

as a check on function validity.
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The printout showing value distribution for T81 appears 

to validate the function: all the characteristics of an 

exponential function appear to be met.

However, in the printout showing the mean and standard 

deviation for T81, the numbers are considerably different 

than what is expected. This appears to be an error in the 

GPSS simulator 'itself, in not resetting IA type tables at a 

RESET command. The non-weighted sum of arguments over the 

three runs appears to validate this contention.

All other values appear to be valid. There is no reason 

to doubt the correctness of the rest of the model.

B. Model Notes

Cities 4 and 14 were deliberately under-designed to see 

what effect this would have on performance (and cost).

City 4 was given only one clerk in the local office.

LIFO response time was not affected, and, naturally, with 

only one clerk, queue time for the terminal in that city 

was zero. However, queue time for the clerk averaged 181 

seconds, almost five times the average clerk queue time 

over the 19 cities.

City 14 was given only one terminal when, very likely, 

two would be required. Again, this did not affect LIFO 

response time. However, queue time for the terminal 

averaged 74 seconds, while the average over the 19 cities 
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was 18 seconds. This also affected clerk queue time, 

averaging 80 seconds, while the 19-city average was 37 

seconds.

It is recommended that the IPL Company place two 

terminals in city 14, and at least two clerks in city 4, 

in order to get 90% of their customers out of the office 

within the six-minute goal.
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APPENDIX E

GPSS Model Listing

Following is a listing of the GPSS 1100 model of the 

distributed configuration, and the results of a representa­

tive execution of the model on the Univac 1108 at the 

University of Houston.

The model was coded such that differences in code be­

tween the centralized model and the distributed model were 

minimized. For this reason, a listing of the centralized 

model is not included.

The centralized model differs from the distributed model 

only in the definition of four GPSS functions:

CPPT, the CPU assignment function;

LINE, the line assignment function;

CPUSPD, the CPU speed assignment function; and

CRSFN, the function to assign the amount of communica­

tion between multiple CPUs in the configuration.
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ROFF function , D R F S 1 , . 0 3 1 , 1 . 0 'I 6,2 .061,3 . O 7 A , H .091,5 . 1 1 R , 7,
♦ .179,7 .

.570,15
??1,H .257,9 .306,10 .3Hn,ll .
.ASH.JT, . 727 , 1 7 . 750 , )P 1.0,1'?

801,12 .828,13 .501,1“



sn 
«t I 
*f 7 
*4 3 
<4 <4 
HS 
<4 A 
<4 7 
<f p 

q<? 
sn 
S! 
5?

S1! 
Sb 
56
5 7 

5R 
S9 
6H 
A i 
62
6 3

6 5 
6 6
A 7 
AR
6 9
7 0 
7 1 
7 ?

3 
7 p 
/5 
7 6
7 7 
7R 
79 
80 

H 1 
P 7
8 7
B R 
R

R A 
H 7 
HR 
R9 

90 
V 1 
97 

93 
99 
9 A

» T R A f-J s A C T I O U 1 Y P F
TTYPr Fi'firr T ON »n Rfl I , .sue; , 1 .59*4, ? .7!7» 3 . 7 7 2 » *4 7 R R 1 , q .9R7,6 1.0,;
• mum n r P n F T R A 9 *» I 5 5 JO n $ REP T F- A N S TYPE
XMfS FUMCTIONfO P»P?,l»l 2,1 3,1 <4 , ! 5,2 6,? 7,2
• CLFP< TALK T1MF BEFORE 4 NOU FRY
TTIM1 FUNCTION,0 P$P2 , I , 3000 2,3000 3,3000 9,6000 5,12000 6,3000
+ 7,1 ROOD
• Ct.FRK Talk TIME AFTER INQUIRY
TT I M2 FUNCTION,0 P’FP2, 1,1500 2,3000 3,1500 <4,9000 5,1500 6,1000

7,2500

I N L N r, 
*
♦
OLNT 
+

I F'PRO 
+
*

OTPRn

9 
« 
»

CPP T

*

♦
LIME 
+
* 
TERM L

INPUT MESSAGE LENGTH
FI i N c T I 0 M , O P S p 7 , 1 , 3 1 2,2 <4 3,2<4 *4,2 1 5,28 6,2 <4 7,2 <4 8,51 9,37 
10,17

OUTPUT MESSAGE LENGTH
EM MCTfON,O P$P7, 1 , 3 3 2,9 0 3,90 *4 , *4 I 3 8,2 8 6,7 7 7 , A o 8,8? 
9,8010,89

INPUT PROCESS TIME
FUNCTION,0 PSp7,1,8Q 2,80 3,80 8,80* 5,80 6,80 7,8n 
8,50 9,50 10,50 

OUTPUT PROCESS T1MF
FUNCTION,0 PSP7,l,50 2,50 3,50 4,95 5,50 6,50 7,50 
8,50 9,50 10,50 

CPU (PARTITION) ASSIGNMfnT RY CITY
86 = LOS ANGELES
87 = SAN FRANCISCO

FUNCTION, 0 P S p 1 , 1 , 8 6 2,87 3,86 4,87 5,87 6,86 7,87. 8,86 9,86 
1 0,87 11, 87 12,87 1 3,87 1'1,86 15,86 16,87 1 7 ;R7 !p,87 19,RA 

(IMF ASSIGNMENT RY CITY 
91 , ° 2 = LOS ANGELES 
93,99 = SAM FRANCISCO

F U M C TI 0 M,D P S P1 , 1 ,9 j 2,93 3,91 4,93 5,93 6,91 7,9i 8,91 9,V] 
10,93 11,93 12,93 1 3,93 1 '» , 9 1 15,9) ) a , 9 <4 17,93 t ° , 9 3 <9,92 

TFPwpiAL ASSIGNMENT RY CITY
FUNrTlOM.P PSPl, 1, 1 2 , 2 3 , 3 4 ,« 5,5 6,A 7,7 8,8 9 , R 10,10 
11,11 12,12 13,13 1'4,14 IR,15 16,16 17,18 1KJ 19 19,20

CPUSPI)

relative 
S / 3 60 <'30 
S 7 3 7 0 - 3 5
S / 3 7 0 m 1 4 5 
S / 3 7 0 ?•' 1 5 8 
F U N C T I o ’ I , n

CPU SPEEDS 
1 . 0 
. 7
• 5
• 2
P «. c p It N IJ M , 8 A , . 7 8 7 7

• DATA A S F N11M P. F p
DATKAS FUNCTION,n PSrPUUUM,pA, 76 8 7
* MUMPER of TRa I I F R R F c o P p S
MTPAI FUNCTION,0 RFSI,.75,1 .85,2

77 88,78 09,79 90,80

93,3 .97,8 .99,5 1.0,6

5 F F K F U N c T I 0 N , C R F S 1 , 1 , 4
#

S F R c u F 11N c T I 0 N , C P F S 1 , 1 » 1 
«

R F A I) 0 F 11N C T I 0 N , C R F S 1 , 1 , 0
• DETERMINE amOIU.'T of C.RORS-TALK
CPSFN FHHCTlOMiO RlSl,99H,U 1001,1

• SWITCH CPU FOR CROSS-TALK 
SWITh FUNCTION,0 PSCPUNUM , 8 a , 87 8/, 86

•; r

M 9
UH
0 1

»
* V A R I A RI F DEFINITIONS

TERM VaRIarLF«J PSP 1 <30 to Term pool no.



1 30
in? TAR VARI ARLE • J P S p 1 ♦ 6 0 0 TABLE m 11 mdrr

t')3 ♦
IB *4 FXGb M1 V A R I A Rl F FN<FEXP0N«208

IBS F X G t M 2 VARlARLr F N S F X f 0 M «• ? i 0

!OA AD V1 ME VARIABLE FN'$FXPON»PSWORf I
10 7 •

SOR speed VARIARLE 600 G LINE SPEED (CPS)
jn*7 TAT 1 ME V AR I arlf • 05 0 Tt'RN-ARnilkin TIME
Pn pdlld V A P 1 A R L E <VVTATIMF*!0/VSSPF.FD>*!00 0 polling DF( Ay

H 1 T X T I M VAR 1 ARLE F N S I M L N G • 1 e 1 0 input TEXT 1FNGTH
11 ? fey VaR I ARLE (VSTXTIN/2.)«100 0 KEY - JM time

il 3 L I N I m V AR I ARLE vrpolld+ivrtxttn/vsspffo)* J O0 Fg) l inf-tn time

1 1 *4 CPL I VaR I ARLE VRPOLLn-HFNSIMI.NG/VSSPEED) ♦ 1000 L I N F - t M T ) M F
T X T 011 variable FNSOLNTe!.l 0 OUTPUT TpYT | fngTm

) 1 6 L TOUT vari arlf vspolld-hvrtxtdii/v'fspffd)* 1 DO fj ||MF-nUT TIME
! 7 C P 0 U T v A R I A R L E . VSP0I.I n+lFNSOLNT/VRSPpED’* 1 no 0 1. I me-out Time

11 « PR I N VaRIARLE V S L I n U T / 1 5 • 0 RUfFE° PRINT Time

11 •? •

120 initial save 1 . o
?!
2?

*

23
-24 • model FLOW
?b ♦

26 1 R F G ! M n p I G I N A T E 0 TIMF<V$FXGEN1) 0 walk tn payments

2/ 2 T A BUI ATE T8 1 0 I N T E R a R R I V A L T I m f
7R 3 S A VFX 8 A VE 1 . X$s AVE 1 + 1 GOTO <* 1 , ABORT ) 19 COUNT YACTS
29 q COMPARE X $ S A V E1 IF 2 0 0 0 ABORT IF TOO MANY
3n 5 ASSIGN Pl , FN$ ROFF 0 ASSIGN CIt v
3 1 6 ASSIGN P2,FM'5TIYPF 0 ASSIGN XAGT TYPr
32 7 T A RUL A T E TYPE 0 MSG T v p F DIST
3 3 8 T AP.OL ATE CITY 0 CITY r. f c T
3-4 V ASSIGN P 3 , F N S X M j s 0 N U e Dr mffSAGFS
31- 1 n ASSIGN cpstrp,fn$crsfm 0 ASS I Gm CROSS-TA| K
36 1 1 I NQUFl'F Q(PSp1 ) .QUE•TI MF 0 QUF FDP fl FRK
3 7 1 ? ENTER S(PSP 1 ) 0 GRAB A CLFRK
3R 1 3 OHTOUFUF Q(PSP 1 ) , OUF. TI ME
39 1 ‘4 ADV ANGE TI me( 1500 I 0 I N I T I a | Cl FRK T A ( v
9 0 i 5 TDT ADV ANGE
q ] 1 A assign WQRKl ,F N S T TIM 1 0 MEAN TA| y T T M F
M 2 1 7 A D V A N G E TIME! VSADVTME) 0 T A t K offOPF I MO il 1 P '
*4 3 !R AGAIN ADVANCE
q n I 9 MARK P9 0 Time r o d m ci i s t o m f r
1$ 2f> I N Q U F 11 E Q ( VS TERM ) , OUF. . T I ME 0 QUF FOR Tfpmjmai

96 2 i EMT r p S ( V S T E R M ) 0 GRAB term FROM POo|
H 7 22 nilTOHFUF Q ( V S T E R M ) , QIJ E . T I M E
9 R 2 3 assign PS.Fri^TERML 0 FIRST Term IN 0 F r j(
R 9 29 PACK advance G 0 T 0 ( * 1 , H F P E I 0 FIND r , OST ►! D m - p 11 s 1
SO 2 5 gate U , F(PSPS ) 0 term in office
5 1 2 6 ASSIGN p 5 t 1 + p s P 5 g n I n ( p a c r ) 0 NEXT tfpmimaL
S7 27 HERE SF I 7F F(PSP5) 0 G F T StaTS RY TFPm

S 3 2 8 ASSIGN P 7 t P S P 2 0 WORKING mgg TYPE
‘>M 29 i.OOPP advance

5 b "3 0 ASSIGN P 6 « F N s I N L N G 0 IMPUT mgg IFNGTm
56 3 1 ADVANCE TI ME(VSK F Y ) 0 K F Y ” I n T I M f
b 7 32 MARK PB 0 LIFO dfrodnsF Time
55 3 3 I noufiif Q ( FNS| J A'F ) , Qilp . T I MF 0 OUF F on [IMF
5 9 3 9 S F 1 7 r F ( F f11 f. INF) 0 GRAP I T M F
6 0 3b 011 T 0 H F U F Q ( F N s । [ N r 1 , Q11F . T 1 M F
A I 3 6 AnV A MGE l l«f ( V‘F.|, ] m I M ) 0 INPUT v M I S S f 0 m Tint
6. 2 3 7 RELEASE F ( FNM. INF) 19 R EI F A g r LJMF
6 3 e -



A«4 • 131
i 6 5 • START CPt.l PROCESSING
16 A V
A ? 3R ASSIGN CPUNUM,FnT>CPPT 0 ASSIGN CPU MUMfipp

iAB 39 IMQIIFOE Q < P$CPUNUM ) , QUF • T I MF 0 QUF Fnn FPU
|A*» 80 SF I ZF F ( PSCPUNijM ) 0 GRAP CPU
i ?n Ml OIITQUFUE 0 ( PSCPUNIJM ), Qiir . T I MR
i7 1 82 ADVANCE T I ME ( FNS J f!PRO«rN$cPHC>PD > 0 INPUT PROCESS TlMr
17? 83 ADVANCE GOTO(*1.CRSTLK)
173 88 COMPAPf P$cRSTKPfOO 0 any cross-tal<
IM MS ASSIGN R T N , M N R T N 0 RETURN POINT
i7S 86 AOVANCE GOTO(CpUPRc>
I7A «
177 87 MNPIN AOVANCE TlME(FN$nTPRO*FNSCPUSPD> 0 OUTPUT PROCESS T]mi

1 7« MR RELEASE F( PSCPUNIJM) 0 RFLEASE CPU
179 •
i»n •

IR 1 • FND CPU PROCESSING
IR2 •

|H3 *
IBM 8 9. I M Q U F U E O(FNSLINElfOUE«TlMF 0 QUF Fop LINF
I 8b \bO ' SFIZF F(FNSLINp) 0 GRAB I 1M F
18 A 5 1 OUTOUFUE 0 ( FNSt. I MR 1 i OUE . T 1 MF
>87 52 ASSIGN P9»FN«0LNT 0 OUTPUT MSG LENGTH
;a8 53 ADVANCE TlME(VSLinUT) 0 OUTPUT XMjT TIME
! 8 9 5 8 r f L F A S E F(FNSLJNf) 0 P F L F A s r L I n r
ivn 5 5 ASSIGN V’.'ORK.MPSpR R GET LIFO TIME
(9 ] SA T A RUL A TF KPSpl ) 0 LIFO DrSpofiSF T f m r
SV? 5 7 A D V A N C F T T M E(V S P RIM) 0 PUF FED PRINT Tp’F
19 3 5 8 ADVANCE GOTO( +1 tTHERE )
(98 5 v C 0 m p a P E P 5 P 3 G 1 1 0 MOPE m J J S ?
)9S 60 ASSIGN P7,PSP7+3 0 MSG T*pF
196 6 1 ASSIGN P3,PSP 3-1 GOTO(LOOPP> 0 DO NEXT MCG
197 *
I w« 6 2 T H f R E Release F(PSpb) 0 R F [ E A S F T F P M I N A I
199 6 3 L F A V F S(VSTERN) 0 L F a V E TFPM storage
i (if; 68 ASSIGN WDRK.MPSpM 0 G F T T ) F FROM COST
10 1 65 tabulate t(vs tf rm) 0 Tine r p d m c 11S T n m f r

<!) ? 6 6 OUT ASSIGN . AORK1,FN«;TTIM2 0 MF AN tALK TJMF
'fl 3 6 7 adv ante TIMp (vSapvTuE) 0 T At r seTfR I NOU t PT
in q 6 8 AdV AMrF GO T 0(♦1 iOUT T 1 0 T F THIS "JAS 1 N O A
165 6 9 c n M P A R E P s p 2 E 0 2 0 pay then do cash

1(1 A 70 ASSIGN P2»1 0 pay TP anfact ion

10 7 /! ADVANCE GOTO(AGATN)
KIR 17 01J TI ADVANCE
16 9 7 3 LEAVE S(PSP 1) 0 LEAVE C| FRk' POO f
=1 I 0 7 8 T A B Ul a T E T(V S * A R ) 0 TIME IN OFFICE
1 i 1 7 5 S A V F X SAVE! iX$SAVE1-1 G) DECREMENT C 1 0 g r t p
1 1 ? 76 TABULATE TR? 0 INTFRDFPARTIIRF T I M
1 1 3 77 TERMINATE
1 f 8 e

M 15 •
'♦ 1 A 7 8 ORIGINATE 0 TIM E < V $ F X G E N 7) 0 MAIL TN PAYMENTS

M 1 7 '79 S A V F X SAVEl.XSSAVEl + l
4 1 R 8 6 ASSIGN P1 ,F N $ B 0 F F 0 CITY
'< ; v 8 1 ASSIGN P ?i 1 0 X ArT T V PF
1 7 1 82 A SS f GO P 3 , 1 0 NO, or X M T T S
'i / 1 8 3 ASSIGN CPSTFP »F J.jTcRSfh 0 ASSIGN CR0SS-1 A J v
'12? 8 8 ADVANCE GOT01 + i » AIOHI)
I? S 85 COMPARE RSSlF^PliGTO 0 IS A r I F PF A V A I 1 a <•
4 ? H 86 ENTER 5(0%Pl) GOTO!TOT) 0 TAFF rJ FR* - DO i T
4 ?S •



1 ?A 

1? 1

R 7
HR

GfOUT s AvF"X 
TFRMTMATF

$ A v F 1 t X i S a V E 1 - 1 132
1 ?>»
1
i W
3 t

132 RV

•
•
♦

C P U P P c

CP!) PROCESS SUBROUTINE

ADVANCE TI ME<8•FNtCPUSnn) 0 DRM * IOS TIME
133 VO A n V A M C E G 0 T n ( + 1 , N 0 n S K ) B GO TO DISK ON FIPS
' 3*4 9 1 COMPAPF• PSP2 LF 7 0 XM I csI ON ONLY
i 3 5 9? PFLF ASF F ( P $ C P U N (J M ) 0 rfleasf CPI’
13 5 9 3 ASSIGN DRNUMtFNTDATRAS 0 DATA BASE MUMRFR
137 yq I NQUFUE 0 ( P *5 0 R N11M ) , Q U F • T I M F 0 ouf Fno DATA RASE
3R 95 Sr J ZF F ( P S 0 p N U M ) 0 GRAB DATA BASF
‘3*4
i h n

V6 
97

nUTOUrllr
ASSIGN

Q ( p 5 n R N !1M ) , 0 U E • T I M F" 
NSFEKfEMSMTRAI 0 NO OF T P A I L F R PC D S

!*l 1
i*4 7

9R 
99

TPAL A n V a M C F 
advance TiME(EMtSEFK) B seek TIME

1*4 3 ! on A D V A m C E time<fnsserch> 0 SEARCH TIm r
1*4*4 1 (J 1 ADV ANC F TIME(FN5RFADD) 0 READ TIME
IM5 1 n? ASSIGN MSFEK.P»NSFEK-1 GOTO(♦1 ,TPA| ) 0 ANY M D p F RECORDS?
q a

-4 7
. 1 U3

1 08
C D M P A p F 
RFLFASF

PSNSEEK E 0 0
F ( p $ 0 R N14 M ) 0 RFLEAgF DATA RASE

A K 1 OS JNQUFUE Q ( P$CPUNUM ) , Ql.ir . T I MF 0 OUF Enn CpU
«9 1 0 A SF I ZF F ( P $ C P U N U M ) 0 GRAB GPU
5
5 I
52

1 0 7
1 UR
1 uv

m n n s r
OUTQUFUF
ADVANCE
ADVANCE

Q(P$CPUNUM > ,QUr•TIMF

GOTO(*RTn ) 0 RETURN TO G A I. 1 F P
5 3 
5*4 
55 

ISA 
5 7 
5H 

ISV 1 1 0

*
♦
*
•
»

CPSTLK

CROSS - T At

ASSIGN

K SUBROUTINE

PTN.CRSTk-1 0 RETURN POINT
4 AU 111 release F(PSCPUNUM) 0 RFLFASP THIS CPU
IA ! 1 I 2 advance T I me(VSCPLIN• 0 LINE - IN TIME
162 1 1 3 ASSIGN CPUNUMiFNSSWI Tn 0 SWITCH CPU
1 A 3 1 1 ‘f I mqiifUE Q(P$CPUNUM> , QiJF . T IMF 0 QUF FDD DTHFR CPI!
I a q 1 1 5 SEIZE F ( PSCPUNijm ) R G P A R n T 4-1F p CPU
‘AS
I 6 A

1 1 6
I 1 7

011 J 0 i; v 11 r 
ADVANCE

Q(pSCPUNUM) , i)lir . T IMF
TlME(FN$INoR0»rM$EPllSPD) 0 INPUT ppnrrss TPF

16 7 1 1 ” ADVAMCF GO TO I CPUPI?C > 0 COMMON iogic

IA»
A 9 1 1 9 cpsrk i a n V A 4! r F T TMFIFN'SoTPPO^fnScPUSPD) 0 OUTPUT P R H r F s s T I M1
7 0 1 2 0 R F (. f a S F. F(PSrPUNUM) 0 Rfi EA^F otmf” rpu

I 7 ! 1 2 1 AD VANCE TimeIVSepONT) 0 LINE - OUT time
47 2 1 22 ASS I GN CPUNUm , fmSSWITu 0 Sw I T c 4J R A r K Tn r t p
I 7 3 1 2 3 I NQIJEUF Q ( P $ C P11N 0 m ) , Q |i r . T I m f 0 queue for this fPU
1 ? 0 1 28 SF I 7e F ( PScPUNlJM I 0 SEIZE This c p 11
1 7 5 
1 7 A 
1 7 I 
4 7« 
f 7 V 
180 

q ) 
M 7
R 1 

i>* q 
18 5 

«' #> 
ft 7

1 25
4 2A

1 2 7

1 2H

♦
*
•
«
♦
A B n K T
•
*

♦

0! 1 T Q i 1 F U E 
advance

S T OP , r

TIMING LOOP 

originate.

0 ( P S C P'! N 11M > , Q U r • T IMr 
GOTO(MNRTU)

1

(: T$MF(6nnO) 0 ONCE A minute



TFPMfMATE , f? 1338 H 12 V
H9 «
VO «
t I ♦
V7 •
9 3 •
9H

c nn r p ol section

stavt.np 30 B 3 0 MIN WtPM.ljP

c »(, i t r f s .*
E 7 F3 F9 F5
F 7 FH F 9 F 1 n

i F 1 2 F 1 3 F 1 9 F 1 5
6 E 1 / F 1 8 F 1 9 F2n
1 E 22 F23 F29 F2G
6 E 2 / F2H F29 F3n
6 F 7 / F 86 F87 >91

2 F 9 3 F 99 F95

OR AGES:
82 S3 59 55
87 58 59 5 1 0

i 8 1 2 51 3 519 5 1 5
6 8 1 7 5 18 519 S3 1

2 833 539 535 53 6
Z 838 539 590 59 ]
2 893 59 9 595 • 59 6
7 8 9 « 599

f t' r s :
(■? ? 03 09 0 5
(j7 08 09 0 1 0

1 -012 O 1 3 Q 1 9 0 1 5
6 0 1 / 0 1 8 0 1 9 02n
i 0 22 02 3 029 0 20
1 0 32 033 039 0 3
6 0 3/ 0 3 8 Q39 0 9 n

1 09 2 0 9 3 09 9 09c

6 0 9 / 0 9 8 09 9 05 A
» 08/ 083 Q5 9 05c

'6 0 7 / 086 0 87 09 |
? 09 3 Q99 095 Q9a

। 7 0 VK 099

R ' •» ’/ J F R S !
P2 P 3 P9 P5
P 7 P8 P9 CRftFP

T•rI MF WARk' I CPUMOM R Tn M'OPp
►J 1 1 M NSF FK

Ml r •, :
I 7 r 3 T9 T5
1 7 T 8 19 T1 n

I I 1 2 f 1 3 T 1 9 T 1 c,
A I 1 / T ! 8 T 1 9 ; T 3 1
? 1 A3 T 3 9 T35 T 3 A

1 7 I 3H T 3 9 T90 T9 1



? TH 3 T4M T45 tha

1 1 M H T H V T6 1 T6?
3 F6H I 65 T66 T67

K FA* T 70 T 7 1 T7?

3 I 7H T 75 T 76 T7?
B T 7 V TH i T82 TYpF

TY

v f * s:
VF I

134

NCTI DNS :
PfiM HOFF T T YPF XM I F T T J m 1
! M2 1 N L M G OLMT I NPPO otpro

P T LINE T E P M L CPUSRD DA TR AS
R A t SFLK SFRCH RE ADD -=CRrfn

T TH

R I A RLES:
RM I A B EXGEM 1 F X G F N 2 A D V T M F
r rn r A T I MF POLED T XT T N KEY
N ’ M CPL I N TX TOO L 10'JT CPOUT

1 f.'

OCFS I
1 «EG I N 1 S TOT 1 n again

28 RACK 27 FIE PF 29 LOnRP
*4 7 MMR T N 62 THE RF 6 6 OUT
7 7 OUT T 8 7 G T 0 U T 89 CPUPRf

TR A | 108 M 0 0 S K 1 1 0 CRSTLK
1 1 9 C R S T K 1 1 2 7 ABORT

MPFR OF TPANSACTIOMS AiLOV-'Eni 2 26

95
9 6
V 7

R F s F T 
RESET T(81 -R ? )
START 120

c ! t i t r F s:
F2 F 3 F8 FS
F 7 FH F9 F 1 n

1 F 1 2 F 1 3 F 1 8 F 1 c
A Fl/ F 1 8 F 1 9 F2n
1 F 22 F23 F28 F2S
A F 2 / F?8 F29 F3n
6 F 7 / F86 FH7 F9 t
V F 9 J F 98 F95

n r a r, r s !



57 SB SR s 1 n
I 5 1 2 5 1 3 S 1 H 5 1 5

1 6 51 / S 1 H S 1 9 S3!
12 533 S3H . 5 35 S3 A
$7 53» S39 SHO SH |
12 5R 3 SHH SH5 SH A
1 7 5*48 SH9

)FUFS :
02 0 3 OH 05
0 7 08 Q9 o 1 n

' 1 0 1 2 0 1 3 Q 1 H 0 1 5
. 6 0 1 7 0 1 8 0 1 9 Q2n

0 22 023 Q2H Q2S
> 1 032 03 3 Q3H 03S
!6 03 7 038 039 QHn
1 1 OH 2 OH 3 QHH OHS

16 QH 7 "OHB QH9 05n
i 1 052 05 3 OSH OSS
r6 07 7 086 Q87 QRl
'2 x 0’3 09H 095 0 9/,
’ 7 y 98 Q99

> R A fr T F" R S t
P2 P3 PH P5

> P7 P8 P9 CRftkr

'F » T T ME ft'QKK 1 C P 0 N11 M RIN W 0 R K
1 N U M N S F E K

135

> 8 L F 5 :
r 2 T3 TH T5
T 7 T8 T9 T 1 n

1 1 1 2 T 1 3 T 1 H T 1 S
6 I 1 7 T 1 8 T 1 9 T3 )

;2 1 33 T 3H T35 T3A
i 7 I 3H T 39 THO TH 1
(2 F m 3 THH TH5 TH A
I 7 r p b TH9 T6 1 TA?

.3 r 6H TAS T66 T67
• H T AV T 70 T7 1 T 7 7
' 3 1 7H T 7 5 T 76 T 7 7
’ P I 7 V T8 ! T 82 T Ypp

r v

i v f * s ;
i VF 1

) h r r i o m s :
' POM HOFF T T YPE XM 1 S T T J m 1

1 I M2 I ML NG OLNT I NPRO 0 T pro

’PT L I nf T F R m L CPU9P0 DATRAS
P A J SEP K Sf RCM REAMD ‘ C R S r N
'MH

■v ? a ft t f s :

Rm I A M F X G f M 1 F X G r N ? A n V T M r



C e L t •

p n 

t xrnii

T X T t N 

L I D««T

rEv

CP^n T

m, nrrs:
1 ar*.' • 1 5 TOT ! <> AGA 1 0

7“ g « r 27 MF RF 7*» L nnpp

« 7 w *. 3 * i A7 Tmf WF 6 A out
77 r • - * * o 7 fiTlWT A Q (PUPWf

V R T w t • JOB NnoSr 1 1 " CRSTLF

1 » r u <. i r 1 7/ A WORT

fjiiMaro - l r - , ,/e x < T t n*'^ A|.Ln*F^: ??A

7Fvm!*'AT]0N 
c n U M T 

i 70

u • p f «• c "(iTil p L n c v fURR TOTAL Pl.OfK ruRo Total n| OCF C 1199 T RLfift FMPR TOTAL

e 1 M « • r c a »j q Tt? a M e TRAm TRAN tf TO A*' TO A‘J tt TP am TRAN

« •» J «e M a ? 0 3MPA 3 f 3UAH u n 3 M 8 R G n 3MHM

K 5-* « / n 3 M P p H r> 3MR8 o n 1 M R Q t n n 3MHR

i t *> B ja zn ) 2 n tut? 1 3 n 3 M o 2 1 M 9 1509 1 5 n MR5M

: * o m te h m 1 7 3M MRAj |R H 5 1 H 1 1 9 r 5 1 M 1 20 I 2 s 1 55

? * S > ** t 27 n 5 ! Y ? 3 n 5 I M3 pu n 7096 2G n t 953

7A r 1 v*>3 2 ? 0 b | M 3 ?H n 5 ! M3 ?9 0 5959 30 0 5957

■X1 1 ** »> C * 1 .3 2 r. b9**9 3 3 n 69H V 3u n 59 M 9 35 0 59H9
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] q a ‘*"'7b’. 1 .nooo ? 7 I 9.6 A 9 I 4 40.2*7 I 4 q •*025 | ) . nopp 2719.A*9 1400,2*7

7 19 7yu 1 2 9 2.0000 RAR,?. 777 30*9.6117 339 29m3292.onnp RA A 2.2 77 in A 9.*07

136 ?3"*3I VA.90 0 3 A 9“4.0 3 A 3 0 n 5 t 9 ? ? 336 2 3 3 3|96.0000 6944,036 3045.92?

1 7 1 M 340*4*4 . nooo 7AOO.«67 1306.112 5 J 2 ,434944.nr no 7 R 0 (] . R 6 7 1 30^.1 ]2

330 IM 3 95*7.0000 1 n '4 2 2 • 9 1 5 4390.049 i 30 34395*2.0000 !n42?.9|5 4399.049

ISA 3/25*9.0000 ?4U3 .*71 1 ] 4 7.5 L U 1 S5 3775*9.noon 2403.671 1 1 47.56“

1 1 °5 72*4 1 0 ” 1 .0000 2735.765 1*15.575 11 R5 324 1 AO| ,noon 2735.765 1 1 15.575

c n ) 0 , pnm . Ono . non G . n 0 n 0 . non . non

c. * 1 n . n ) . f’nrj , n r. , n O n fi • non - r n t



T ( c, 2 ) 0 • 0000 • 000 -ono 0 • nnno • non • 000
T ( c 3 1 0 ,0000 • uoo .ono 0 .nnnd .non • non

T ( ) 0 .0000 .000 • onn 0 • qnrn • ono • non

T f •SS T 0 .0000 .000 • ono 0 • nnno • non • non

r < t. A ) 0 • 0000 .000 • onn 0 • nnpo • non .non

T < «» 7 3 0 .0000 • ono • ono 0 • nnno .non • non

T 1 5H ) 0 .0000 .000 • onn 0 • nnno • non • non

T < C,9 T 0 . oouo • uno • 000 0 , nnnn • non • HOQ

T t 60 > 0 .0000 .000 • ono 0 ■ noon • non . non

I * 1 1 AO ) 777B3M.OOOO i1nHc-212 5 75«• 14 7 1 60 1 7 72834.nnno 1 1 080.212 S75».t17

T*2 R9 v: o'* 3 3. nooo 10735.202 6203.?9a R9 910933.nnno 10735,702 6203.796

T A 3 9P 1051929.0000 10733.918 7R*! .02 3 98 1 nsi974.nnnn 10733•91R 7881.073

TA* 59 7987059.0000 5n62R.O39 31S°R.A77 59 29H7Q54.ponn 50628.034 31598.677

TAS 9H vnss'jq.OOOD 9611.745 604 3.510 94 903504,nnno. 9611.745 6043.510

T * 6 1 38 1**7<|7HM.OOOO ! 0A«6•55! 7 ?R7.55Q 1 38 1 m /« 7 y <#, nnno 10686.551 7287.558
T A 7 2AM 5028395.0000 19096.761 10879.040 764 5020345.nnnn 19046.76! 10879.040

r a« 22* 2279856-0000 1 no«7•858 52n2-7ni<, 726 277V8S6.nnnO 10057.858 57n?."'n*

T * 9 1 55 1865075.0000 12032.7*12 8399, I 1P 1 55 1 865075.nnno 1 2032.74'2 8309.j18

r ?n 771 3MMA2I7.nooo 12577•93H 7699,6ni 774 3446217,nnno 1 257 7.43“ 7699,601

o 7 J ! 56 | 9'1 7 9(15.0000 17983,365 9559,7QP 156 1 9m7405.nnnn 1 2483.365 9559.7RO

T 72 307 *<67t) 977.none 1 I 4.892 9796.605 307 4670972.0000 15214.892 9296.686

173 1 19 I M 39 **oo .0000 10319,479 9063,897 1 39 1 h 3**4on.nnnn 10319.424 9H6 3.897

T 7« 3 2M 593*41 79.0000 J R315•367 8«»9 n, 6 1 «9 324 5934i79,nnno 18315.367 8490.614

1 75 312 5266374,0000 16979,409 1 0 7ti5.99R 3 1 2 52*6374.nnnn 1 68 79.404 1 0245,998

I 7 6 a r g H6 7 IR57.0000 9733,075 5637.853 480 4671852.nnno 9733.025 5632.**53

T 7 7 3 1 6 6 3 30 7 1 7;nooo 70033.* 15 10436.109 3 I 6 6 3 30717 .ponn 20033.915 1 0436, J 09

f | M <* 1MA0565.0000 10 1 82. H 1 2 8439,20! 1 44 1 460565 . nnnn 10142.812 8439,281

T 79 1 1 07 1 1976- 70S 8 4 3 7 . ) u n 1107 1 I 926.705 8432.140

T t Bfi ) 0 .nooo .000 • Onn a .nnnn . non .000
T C. | 3 M p R 893961.0000 256.296 2952,205 3488 «9 39ai, nonn ?56.796 2952.705

T "2 HRM2 89387d.0000 184,609 2 5 0 7 • 9 a 5 4R42 893878.0000 184.609 2502.965
» V Pf 3 M p R 9026.0000 7.5A8 1 . 9 1 R 3488 9n?6.nnno 2.588 1 .918

CI1* 3 u R H “5595»nooo 1 3.072 5. ?sn 3480 45595.0000 I 3.077 5.350

4 ( e S 1 0 .nooo • uno • Onn 0 . nnnn • non .non
r ( P6 ) 0 .0000 .ono • Onn 0 .nnno • ono . non

T t * 7 > 0 .0000 • one • Onn 0 .nnno • non .non

T C e R 1 0 • noon .000 . onn 0 , nnno .non .non

T I P 9 ) 0 .0000 • uoo . onn 0 .nnnn • ono . non

7 1 9 n j 0 .nouo • uno .Qon 0 .nnnn • non • non

T t 9 1 1 0 .0000 .000 • onn 0 .nnnn • non • non

T ( oy > 0 . 0000 .000 • Ono 0 , nnno . 000 .000

t r 9 1 ) 0 • 0000 • ono , Onn n • nnnn .npo • ono

T ( 9 « » 0 .0000 • one • Onn n . r.nno . ncn • non

T f »5 ) 0 .0000 .000 . non 0 • nnnn .non • non
T < 9 A 1 0 .nooo • uou . onn 0 , nnnn • non • onn

T ( « 7 ! 0 . 0000 . uou • nor n .nnno , non • onn

t r 9P ) 0 .0000 • uno • Onn 0 .nnno • non .000

r ( 99 ) 0 .0000 • 000 • ono 0 • nnno .non . non

t i a t r s- a ** r t t 1

L T * ' t
OnSeQVFf) 

rVFQHfiJf*

f U«UL * T|v r 

nF total PfecrMTASf
AOQ.rjnnn I90»00

qF»ja!mI»T. r°F CUrwr TF^ AQE ALL ZE*n

100-00

T 1*| r NA**F : 7 Z

L 7*7 T 

AOn^nnrn

na*rpvrn 

F^FOUfHCT 

I t *»

PT»CFMT

OF TOTAL 

ioo.no

CUMULa T ! VF PERCFNTA^E 
ion.on

p r »»t t * f \ *. rcf^iir-frfrF

(HMUL * T f v r 

»FwA!NDFc* 

• no

vi'l T J o| r

0 r M F A M
3.53!

CUMULAT1vr 

PF M** 

• no

Vfll T ! Pl E 

OF MEAN 

3.77<t

DFVT* TI AW 

r q n m * F > N 

e. Zh
L
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T3f M A M F

iippF p
Lt^T T 

hnn.uoofj
•FM A I M I Nfi

ORSFRVFn
F KF0IIFMc Y

1 ? 1
FREQUENCIES

PERCENT 
OF TOTAL 

1oo.on 
APE ALL ZF

C IIMul A I I VF 
PERCENT age 

100.00
RO

CUMULA TIVF 
RRMa INOFR 

. 00

MilL T I P| F 
OF MEAN

3.339

n F V I A T I O N
FROM mean

6.903

RLF NAME: ™

IIPPF
L I 1 ! T 

a n n, n n n n 
'EM A J M I MG

ORSFRVEH 
FREQUENCY 

76 
EREnUFNCIES

percent

OF TOTAL 
iou.nn

ARE A LI 1F

cumulative

PERCENTAGE
1 00.00 

RO

C"MULAT IVF 
REMAIN0 E o ' 

.00

MULT I Pl F
OF MEAN

3.536

OF V I
FROM

a T I n M
MEAN 
7.909

RLE *1 A m f : Tb

IJPPF P
LIMIT

6 n o. n n o o
E M A I M t N G

ORSFRVfo 
FRFQUENCY 

1 1 1 
FREQUENCIES

PERCENT C U M U L A TIv e 
OF TOTAL PERCENTAGE 

100.00 ion.00
ARE ALL zero

cumulative 
.REM a I NOE p 

. 0 0

MULT I RLE 
OF MEAN 

3.95R

n F V I A T 1 o N 
FROM MEAN 

10.033

RIF M AMF ; T6

UPPER
t. I M I T

a n o. u p n n
E M A I N I M G

0 R s F R V F n 
FRFP'IFNCY 

1 6 9 
FREQUENCIES

percent CUMULATIVE
OF TOTAL PERCENTAGE

100.00 100.00
ARE ALL zero

C 11M u L A T I v r 
REMAIN0 F p 

.00

MULT I RLE 
OF MEAN

3.9R0

nF V T
FROM

A T I n M 
MEAN 
7.599

RIF name; T / ■

UPPER
LIMIT

A n n , i) n nn
F m a I n i N G

0 R S r R V F Q 
FREQUENCY 

39 3 
erf nurMriRS

percent cumulative 
of TOTAL PFRCENTAGF 

10 U.0 0 10 0.00
are all zero

cumulative

REM a I NDEQ 
.00

m U L T I P I. E 
OF MEAN

3.5 <4 9

nrV I
FPO“

A T I n.j
MEAN
6.991

RM" M A M F : T«

U P ° I" R
LIMIT

a n ri, n n rm 
Ema j m ] i| g

OrSfpvfa
F R E Q H F M r Y

7 A A

F P t. p u F N r [EG

PERCENT CUMULATIVE 
if total percentage 
10U.00 100.00

ARE ALL Zero

cumulative
R F M A I N 0 E n 

.00

MUL T 1 R| F 
nF M r AM 

3.533

OF V I
E P Q m

A T I n m 
M F A M 
7.992

r i r ij a m f : TV

i) P p E P
1. I M I T 

ajip, -imin 
f H ,* 1 M | N G

0 p S F P V f D 
frequency 

1 R 9 
F R E n u F N C I E S

PERCENT cUmU! A TIvp 
OF TOTAL PFRCENTAGF 

100.00 100,00
ARE ALL ZERO

C'lMUL AT I vr 
P F M A I N Q E R 

.00

MUL I I P| F
OF MEAN

3.29P

nF V i
FROM

A T I ON
MEAN
6.9 9 A

RIF M A M F ; f i n

UPPER
L T -M I T

Ann.nnno
EMA 1NI NG

0 n S F R V F n 
FREQUENCY 

3 29 
frequfncifs

PERCENT CUMIN A T I VF 
OF TOTAL PERCENTAGE 

100.00 100.00
ARE ALL ZERO

CUMULA TIvp 
PFMA I NOFp 

.00

MUL T I R| F 
OF MEAN 

3.926

nF V T 
FROM

A T I nN 
MFAN 
9.59fi

RLE name: T 1 I •

UPPER
I I M I T

Arm,nnrm

orsfrvrn 
erfoufncy 

1 9 I

P F R C F M T
OF TOTAL

1 • I u. n U

( UMIII A T I VF 
P1 R C F N I A G F 

100.00

CUMULA TIVF 
R F M A I M 0 I r 

.0!)

MULT1 PL E
OF MEAN

3 , R 7 n

nF V I
FROM

a T I nN 
MEAN 
9.937
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1 a ; F N A M F ! T 1 7

UPPER
L ! M T T 

AOO.0000 
f F M A f M I M G

0 P. S F R V F n 
FREQUENCY 

36« 
FREQUENCIES

P F R c F N T c u M u I A T I V F 
DE TOTAL PERCENT AGF 

100.00 100.00
ARE ALL ZERO

CUMULAT IVF 
REMAINDER 

.00

Mill. T I Pf F
OF MF A N

4.036

DEVIATION
FROM MEAN 

10.899

l R t, F M A M F ! T 1 3

upper

LIMIT
600.1)000

’ E M A I M 1 N G

o p. s r r v f n 
frequency 

1 7M 
FPEOUFNCIES

PERCENT CUMULATIVE
OF TOTAL PF R C F N T A GF.

100.00 100.00
ARE ALL ZERO

CUMUL AT IVF 
remainder 

. 00

MULT J Pl E
OF MEAN

3.979

DEVIATION
FROM MEAN 

10.905

i R L f name: T I 4

UPPFP
LIMIT

600.0000
)F H a I N I OG-

OBSERVED 
FRFDUENC Y 

3R6 
FREOUENriFS

PERCENT CUMULATIVE
OF TOTAL PERCENTAGE 

100.00 100.00
ARE ALL zero

CUMULAT IVF 
rfmaInder 

. 00

M u l T 1 P | E 
OF MEAN 

3.537

deviation
FROM MEAN 

7.511

i P I F N A M F : T 1 S

UPPER
LIMIT

6 0 0.00 00
■EMA I N I N G

OBSERVED 
FREQUENCY 

3R8 
freoufncies

PERCENT CUMULATIVE
OF TOTAL PERCENTAGE 

100.00 100.00
ARE ALL ZERO

CUMULATIVE 
rfma I NDER 

.00

MULT I plE
OF MEAN

3.615

DF V I A T I ON
FROM MEAN 

7.796

RIF MAMF! T 1 6

UPPER
LIMIT

600.0000
F M A i m j N G

0 R S r R V E D 
frequency 

57 3 
FREOUENriFS

PERCENT CUMULATIVE 
DF TOTAL- PERCENTAGE 

100.00 100.00
are all zero

CUMULATIVE 
REMAINDER 

.00

MULT I RLE 
of mean

4.001

OF V I 
r R Q m

A T I n m 
MEAN 

11.254

RLE MA me; T 1 7

UPPER
LIMIT

600.0000
E m A T M { M G

ORSFRVFn 
frequency 

3«4 
frequencies

PERCENT CUMULATIVE 
nF TOTAL PERCENTAGE 

10U.00 100.00
ARE ALL ZERO

CUMULA TIVE 
REM a INDEf 

.00

MUL T I P| E
OF mean

4 . OOR

DF V I 
FROM

a T I n m 
M F A A' 

10.034

RIF M A M F: T 1 R

LIMIT 
6fm.nooo 

FMA IMI MG

OBSERVED 
F R E Q U F N C Y 

1 72 
FREOUFNCIES

PERCENT cUmUi ATjvr 
D F TOTAL PFPCENTAGF 

100.00 100.03
ARE ALL ZERO

CUMUL AT IVF 
remainder 

.00

multiple 
OF MF A N 

3.831

DF V T 
FROM

A T I OA' 
mean 
8.999

RLE M A M F ; T I 9

UPPER
LIMIT 

*00.0000 
r M ft 1 M J M G

ORSFRVFD 
frequency 

139 3 
FPEOUFNC I F9

PERCENT CUMULATIVE
OF TOTAL PERCENTAGE 

100.00 100.00
ARE ALL Zero

cumulative 
RFMAINDER

• 00

MULT IP! F 
OF MF A M 

3 ♦ 554

DEVIATION
FROM MEAN 

7.615

B! F M A M F : T ( ? 0 I

R! r fj a Mf • j ( 7 ! )



145r l r m a f : t ( 2 2 >

.RIF M A M f : T ( ?3 )

SELF name: T ( 2R )

IRLF M a E f : T ( 2S >

‘BLF NAME? T ( 26 )

i ft L F N AMF : T ( 27 )

IRt.F name: T ( 28 )

*RLF name: T ( 29 )

\RLF name: T ( 30 )

‘RLE name: T3 1

’ F M A I M t M G F R L 0' J F N r I F. S APE ALL ZERO

UPPF.p ORgFPVFD PERCENT CUMUL AT IvF cumulative MULT IPLE 0 F V I A T I n N
LIMIT FRFOUFNGY OF TOTAL percentage REMA I N0E9 of mean FROM m p a N

I 7 0 0 0.0000 1 AR 100.00 100.00 .00 5.603 8.921
? F A I N 1 N G FREQUENCIES ARE all zero

> P, L F name: T3?

upper 0 p S r R v F D PERCENT CUMUL. AT J \'F CUMULAT Ivf M 11L T I P I F nrV I Atinu
LIMIT frequency OF TOTAL percfntaqf pfmaindep nF mean c- p n M M F f N

7 o o n , n o n 0 96 100.00 100.00 .00 6.955 1 1 . 9 9 ?
?FMA INI NG FREQUENCIES ARE ALL ZERO

. 81 F N A M F : T33

UPPER opservfd PERCENT CUmULATIVF CUMULAT IVF MULT IPLE nF V I A TI ON
LIMIT FREQUENCY nF TOTAL PERCFNTAGE R F M A I N D E Q Of MEAT' FROM MEAN

; 7 000.0000 102 100.00 100.00 .00 7.213 13.667
’F MA I N I NG F P E 0 U E N C I F S ARE ALL ZERO

t R L F N A M r ; T39

UPPER ORSrRVpn PERCENT c u M U L A T I V F cumulative MULTIPLE n F V 1 A T I n N
limit F H F O' IF MC Y OF TOTAL PERCENT A^E RFMa I NDEp OF MF A N FROM MEAN

17000.oooo A7 100.00 100.00 .00 8 . 8 18.19!

>F«A 1 N I NG FREQUENCIFS ARE ALL ZERO

(RLE NAME •. T 3G

U PEER OPSFRVFO PERCENT CUMUL A TIVF CUMUtATIVF MULT I P| F n f V 1 a T 1 n
LIMIT FREOUENCy OF TOTAL PERCENTAGE RFMA INDER OF MEAN from mean

7 o n o. u o o o 98 100.00 100.00 .00 7 . R*l 1 17»55n

* F M A 1 N I N G FREQUENCIES APE ALI ZF RO

iB( F NAME : T 36

UPPER 0 R S F R v F n percent CUvU; T I VF CUMUL A TIvr m 11 l T I p I F PF V! A TI on
limit FREQUENCY OF TOTAL PF RC r 0 I A GF ' R r M A I N D F n OF MEAN FROM MFAfl

7 0 0 0 . INI no 1 4 4 100.00 100.03 • 00 6.179 10.943

' PI F M A m f •_ T 3 7



HP^FR
LIMIT

• ?nnii,ooim

o n s r r v F n 
FRFOIIFNC Y 

2P3

P F R C F N T 
nF TOTAL 

100.00

FUMUt A TIVF 
pfrcfntagf 

100.00
i?fM«|N|NG FREQUENCIES ARE ALL 2fR0

UHLF NAMF: T3R

UPPER observed percent cumulative

LIMIT FREQUENCY OF TOTAL PERCENTAGE
Iznnn.nnon 23R ' iou.no loo.on 

?F MAIMMG EPEOUEMCIF^ ApE ALL ZERO

AHI F NAME; T39

UPPER OnSFPVFO PFRCFNT CtlMUL A T J''F
LIMIT FRFQIIFUCY of TOTAL PERCENTAGE

I7nna.nnnn 161 mo.oo 100.00
?EMA I N 1 NG FREQUENCIES APE ALL ZERO

I H O 
CUMtlLATIvF MULTIPLE deviaTIoh 
REMAINDF p OF MEAN FROM mean

• no 3.769 <4 . R A 9

CUMULATIVE MULTIPLE OEVTATIOM 
REMAINOEP OF mean from mean

.00 5.232 A.ms

CUMULATIx'r MULTTPIE ncVTATinr- 
RFMAINDEo OF MEAN from mean 

.00 6.3RR t 0.1?n

F*" A jf) ]NC, FPL QUFMCIFS APE All. ZERO

imf name: Tin

upper OpSFRVFD PERCENT CUMULATIVE CUMULATIVF M U L T T P | E OFV I ATI AM
LIMIT F R F 0IIE M C Y OF TOTAL percentage remainn e o OF MEAN FROM MEAN

i 7 n n n. n o n o 2«9 100.00 100.00 . 00 9.109 6.3 7 «
? r.M A I n j N G FREQUENCIES ARE ALL ZERO

)R l r name: T9 1

uppfp OflSFRVFO PERCENT C u M U I. A T I V F CUMULAT Ivr MULT I Pf E DEVIATION
LIMIT frequency OF TOTAL PERCENTAGE P F M A I N 0 E '■> OF MEAN FRQM mean

i 7 n n n. n n n n 167 100.00 100.00 .00 6.621 1 2 . A- 5 0
!FM A 1 N I NG EREQUENCIES ARE ALL zero

1 pif name: TH?

IIPPFR ORSFRVFD PERCENT CUMULATIVF c U M U L A T I v r MUL T I P|. F nr v t 6 T I 0 N
LIMIT frequency IF TOTAL percentage RFMA INDEp OF MEAN FROM M F A U

7 non. i)nno 323 100.00 1OO.UO .00 3.207 9.325
’ F M A J N I N G F P E o U E N C I F. S A •’ E ALL ZERO

RLE NAME: T*f 3

UPPER ORSFRVFO PERCENT CUMULAT IVF CUMULAT Ivr MULT I Pl.F DEVI a T I on

LIMIT FRFQUFNCY OF TOTAL percentage R F M A I N 0 E p OF MEAN FROM MEAN
7non,oonn 1 9 R iou.no 100.00 .00 6.25 1 9.697
EM A I N I f'G FRE OUFNCIES ARE all zero

RIF N A Mf ; TH

UPPF P ORSFRVFD P F R c F N T CUhUi A T I VF CUMULAT Tvr MULT I PL E DFVTATjnN
LIMIT FREQUENCY OF TOTAL P E P C F N T A G F RFMA INDEp OF MEAN FROM MEAN

7o on. fi non 3 3 5 98 . R 2 9R . 8 ? 1 . 1 R 1.95R 2.7 1 n

Riii.ii). unno 2 .59 9 9 . M 1 .59 2.073 3 . n 3 5

•overflow ORSFRVFD FREQUENCY • 2

rif name: TIE

UPPER O n g F P v F D percent C UNI ll. A T I vF .<* Ill'ul A T I Vf Mill. T I P| F D F V T A T I n *•’
LIMIT FRFQUFNCY of total percentage PFMAINDEP OF MEAN FROM MEAN

Tfmn.unnn 335 99.70 9 9.70 . 30 2.99R 3.30)
•'uinij ,unnii 1 • 3 0 1ur.00 .no 2.59? 3. a 3n
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t r i f n a m r : t ‘f k

(IPPFR 
limit 

7non.unnn 
F M A I N I M G

ORSrPypn
FRFQUFMCV 

SI 7 
FREOUENriFS

pfrcent cumulative 
of total percentage 

100-00 100*00
are a! l zero

CllMuL A T I vF 
RFMAINOEP

*00

MtlLT T PLE
OF MEAN

6.070

DEVIATION
FROM MEAN

In.a rd

tfitP name: TH7

upper

LIMIT
7noo.onno 
hooo.nonn 
^overflow

ORSFRVFD p f r c f m t 
FREQUENrY OF TOTAL 

30R 93.33
9 2 • 7 3

♦ •• ORSFRVFD F p F 011F N C Y

CUMUL AT IVF 
percentage 

93.33 
96.06

CUMULATIvr 
remainder 

6.67 
3 • 9 4 

1 3

MULT IPLE
OF MEAN

1.631
1*727

deviation

FROM MEAN 
1.495 
1.723

R ( F M A M F ! T H R

UPPER
LIMIT 

7000.0000 
training

ORSFRVFD 
FKEQI'FNC Y

I 5S 
FREOUENriFS

PERCENT CUMlll AT I VF 
OF TOTAL PERCENTAGE 

100.00 100.00
ARE ALL zero

CllMtlLATl vr
REMAINDER 

.00

MULT IPLE
OF MEAN

7.073

DEVIATION
FROM MEAN 

12.719

RLE N A M F ; T99

UPPER
LIMIT

7000.0000
'EMA I M I N G

ORSFRVFD 
FREQUENCY 

1185 
FREQUENCIES

PERCENT CUMUI AT 1VF 
OF TOTAL PERCEM T A GF

100.00 100.00
ARE ALL ZERO

CUMULA TIVR 
REMAINDER

■ *00

MULT I Pl.F 
OF MF A N 

6.21 4

DEVIATION
FROM MEAN

1 7.7P7

RLE N A M F ; T ( 50 1

Pl.F N A m F : T ( 5 1 )

OLE name: T ( 52 »

B(. F name: T I 5 3 >

PI F name: T ( 54 )

RLE name: T ( 5 5 >

RLE hame : T ( 56 )

Pl F n ame: T ( 5 7 )

RLE n ,4 m e : T ( 58 )

Pl.F N A M F : T ( 59 1

Rt F NAME : T ( 60 )

RLE name; T6 1

'FKilMinr, FRtnUFNriFS ARE ALf 7FR0

IIPPFR ORSFRVFD PERCENT CUMUL AT IVF CUMIJLAT I vr MULl I R| E DEVIATION
LIMIT FREQUENCY OF TOTAL P F R C F M T A G F rfmaindfr OF MEAN FROM MF AM

uineo, nnnn 1 5 7 9 8.12 op . j ? j . RH 2*708 3.285
16'io-i. (i imo 3 1.88 100.00 . no 3*249 4.377

f fl A MF J I 62



1 48

salf namf: t6a

UP pF R
LIMIT

ORSERVFD
FREQUENCY

PERCENT
OF TOTAL

CUMULAT I VE 
PERCENTAGE

CUMULAT IVE 
remainder

MULTI PLF
OF MEAN

n E V T A T I n N
FROM Mf»m

50000.0000 8 7 97.75 97.75 2.25 2.931 3.1RA
16000.noon
► •OVERFLOW*

I 8 L F N A M F :

1
•• OBSERVED

T63

1.17
FRFQUFNCY

'98.88 1.12
1

3.517 8.153

UPPER OBSERVED PERCENT cumulative CUMULAT IVF MULTIPLE DEVIATION
LIMIT FRFQOENCY OF TOTAL percentage REMaInde° OF MEAN FROM MEAN

10000.0000 95 96.98 96.98 3.06 2.795 7.4 sc,
16000.0000
►•overflow*

IRL E name:

1
•• OBSERVED

T68

1.07
FREQUENCY

97.96 2.08
7

3.358 3.206

upper OPgERVED PERCENT CUMUL A T1VE CuMuLAjIvr MULT I Pl E deviation

LIMIT frequency OF TOTAL PERCENTAGE REMaINDEd OF MEAN FROM MEAN
10000.0000 2 1 35.59 35.59 68.81 .593 -.653
S6ono.uoon 
1•OVERFLOW•

t Bl F name:

1
•• ORSERVFD

T65

1.69
FREQUENCY

37.29 62.7 1 
37

• 7 11 -.863

upper orsRrvfd PERCENT CUMULA TIVE CliMuL A T I \/F MULTI PL E DEVIATION
LIMIT FREQUENCY OF TOTAL percentage remainder OF MEAN FROM MEAN

5 0 O 0 0.0 0 0 0 93 98.98 98.98 1.06 3.17! 3.374
36000.0000
►♦OVERFLOW*

0
•*  OBSERVED

• 00 
frequency

98.98 I .06 
1

3.785 8.366

• •r,VERFl.OWe»e OBSERVED FREQUENCY:

11P P F P ORSPRVFD P F R c E M T CUMULATIVE
LIMIT FKFQUEMCY OF TOTAL*  PERCENTAGE

innnn.nnnn i.ts 97.R3 97.83
56000.0000 n .00 97.83
I»OVFPELow»♦• ORSFPVFD FREQUENCY:

CUMOL AT IVF MULTIPLE 
REMAINDER of mF a M

2.17 2.RO7
2.17 3.369

1 8 (. r M A M F : T 6 7

UPPER OBSERVED PERCENT CUMULATIVE
LIMIT FREQUENCY OF TOTAL PERCENTAGE 

50000,0000 236 89.39 89.39
56000.0000 18 5.30 98.70
►•overflow*•• observed frequency:

CUMUL AT I '/ r 
REMAINDER 

10.61

multtplf

OF MEAN
1 .S7S

5.3 0

D F V I » T 1 0 h 
from mean 

2.650 
3.874

deV I A T I no 
from mean

1.007
1 .558

5 R L F *• A M F : T 6 8

OPsFrvFD 
F R E Q11F N C Y 

228 
2

cumol a tive 
percentage 

99.12 
100.00

UpPF r
LIMIT

30000,0000
.36000.0O00
remaining FREQUENCIES ARE ALL ZERO

percent 
OF TOTAL 

99.12 
.88

AR! F N AMF I T69

UPPER
LIMIT 

"Mm o n. n n n n 
16ooo,nooo

orsfrvfd percent 
FREQUENCY OF TOTAL 

189 96.13
3 1.98

CUMIN A I I '-E 
PERCENTAGE 

96.13 
9 8.06

CuMuLAtIvR mijLtipi E
REMAINDER GF MEAN

.88 2.978

.00 3.569

D F V 1 A T 1 n N 
FRO**  MEAN 

3.827

rU'iUl.ATIvr MULTIPLE DEVTATION 
REMAINDER OF MEAN FROM MEAN

3*87  2.893 7.18?
1.98 2.992 7.857



& P (. F U A M F : T / 0 1 49

UPPFR onsrpvrn PERCENT CUMULATIVE
LIMIT FREQUENT Y OF TOTAL PERCENTAGE

30000.0000 2AR 96.35 96.35
36000.0000 6 2.IV 98.59
♦•overflow*** orserved frequency:

RRLF name: T/1

UPPER ORSERVED percent cumulative
i LIMIT FREQUENCY OF TOTAL PERCENTAGE
30000.0000 199 95.51 95.51
$6000.0000 2 1.78 96.79
♦•overflow*** observed frequency:

ARIF name: T / ?

upper observed percent cumulative
LIMIT FREQUENCY of total percentage

3000 0.00,0 0 27 8 9 0.55 90.55
36000.0000 13 9.23 99.79
►•overflow*** observed frequency:

Bf F name:

CUMUI. AT I VF 
RFMA INDER

3.65
1.96

9

MULTTPI t
OF MEAN

2.385
2.862

DE V J A T J ON
FROM MEAN

2.261
3 . OR 7

CUMUI. AT I vf 
rema JNDER 

9.99

MULTIPLE 
OF MEAN 

2.903

DEVIATION 
FROM MEAN 

1 . ”32

CUMULAT Ivf MULT I PL E DEVIATION
remainder OF MEAN FROM MEAN

9.95 1.97? 1 .590
5.2 1 2.366 2.236

1 6

upper OBSERVED PERCENT CUMULATIVE
LIMIT FREQUENCY OF TOTAL PERCENTAGE

30000.0000 135 97.12 97.12
16000.0000 1 .72 97.89
►•OVERFLOW*** OBSERVED FREQUENCY:

sole name: t/9

upper observed percent cumulative

LIMIT FREQUENCY OF TOTAL PERCENTAGE
30000.0000 296 91.36 91.36
36000.0000 15 9.63 95.99
►•nVERFLOW*** OBSERVED FREQUENCY:

CUMUL At I VF M(iL T I PI E 
remainder OF MFAm 

2.88 2.907
2.16 3•9 8 p

CUMULATIVE MULTIPLE 
REMAINDER of mean 

8.69 1.63«
9.01

1 3

DEV I A T InN
F 90M MEAN 

2.17) 
7.839

able name: T /5

UPPER observed PERCENT CUMULATIVF cumulative MULT IDLE DEVIATION
LIMIT FREQUENCY OF TOTAL PERCENTAGE REMAINDER OF ME AM FROM MEAN

30000.0000 289 92.63 9?.63 7.37 1.777 1.28)

36000.0000 1 1 3.5 3 96.15 3 • 85 2 • I 3 3 1.866
• •nVERCrow* •• OBSERVED frequency • 1 2

able name: T /6

UPPER OBSERVED PERCENT CUMUL ATIvr CUMULATIVE MULT I RLE OF V I AT IOM
LIMIT FREQUENCY OF TOTAL percentage REMAINDER OF MEAN from mean

30000.0000 975 98.96 98.96 1 .09 3.082 3.598

16000.0000 2 .92 99.37 .63 3.699 9.A6«
►•OVERFLOW* •• observed FREQUENCY • 3

4Rt F name: T / 7

UPPER OBSERVED percent cumulative cumulative MIIL T I P| F n F v I A T I n N
LIMIT FRFQUFNrY OF TOT At P E R C F N r A G f RFMA INDFR OF MEAN FROM MEAN

lunrifi. noon 27 1 8 5.76 n 5.7 6 19.29 1.997 .955

3 Sfiot) . 0000 2 1 - - 6.65 9 2.91 7.59 1.797 1.530



2*4VFRFI O’.'* • » ORSFRVFD FPEttUFNCY 150
t HI F M A M F ! T / R

UPPER
limit

ORSFRVFO
FREQI'FNCY

PERCENT
OF TOTAL

cumulative 
percentage

CUMIJL AT 1 VF 
remainder

multiple 
OF MEAN

DEVIATION
FROM MEAN

tnnnn♦nnoo 1 38 95.83 95.83 9.17 2.958 2.353
16 n o n. o o n o 
►•overflow*

ip.lf name:

3
•• OREFRVFD

T /9

2.08 
FREQUENCY

97.92 2.08

3

3.599 3.OAy

UPPER ORSFRVFD PERCENT CUMULAT IVE CUMULAT 1Vr MULT I RLE DFV I A TIDN
LIMIT frequency OF TOTAL PERCENTAGE R E M A I N 0 E R OF MF A N rR0M mean

t o o n o. n n n o 1 067 96.39 96.39 3.61 2.515 2.193
iftnoti • non o 
►♦overflow*

! 8
ORSERVFD

1.63
FREQUENCY

98.01 1.99
22

3.018 2.855

I R I. F M A M F ! T ( 8 0)

IRLF NAME: T81

UPPER ORSFRVFD PERCENT CUMULATIVE CUMULATIVF multiple DEVIATION
LIMIT FREQUENCY OF TOTAL percentage REMA I NOE'’ of mean FROM MEAN

ton.nnoo 1 330 38.13 38.13 6 1.87 • 390 -.05?

12n.onon 196 5.62 93.75 56.25 .968 - . 096

i 9o.noon 1 90 5.95 99.20 5 0 • P- 0 • 596 -.039
1 go.noon 1 68 9.82 59.01 95.99 .6 29 -.033
180.0000 1 99 9.27 58.29 9 1.71 .702 -.026
200.0000 1 39 3.99 62.27 37.73 .780 -.nr?
220.0000 1 3 1 3.76 66 . U3 33.97 .858 -.012
290.0000 1 1 0 3.15 69.18 30.82 .93 6 -.006

260.onoo 107 3.07 72.25 27.75 1.0 1 9 .00 1

280.0000 87 2.99 - 79.79 25.26 1.092 . OOP
300.0000 8 6 2.97 77.21 22.79 1.17 1 .015

320.0000 79 2.12 7 9.33 20.67 1.299 .022

390.0000 68 1.95 8 1.28 18.72 1.327 .028
360.0000 59 1.55 82.83 17.17 1.905 .035
380.0000 52 1.99 89.32 15.68 1 .983 .092
900.0000 39 1.12 85.99 19.56 1.561 .099
920.0000 99 1.90 86.89 13.16 1 .639 .055

9 u 0.0 0 0 0 9 8 1.38 88.22 11.78 1.717 .062
960.0000 50 1.93 89.65 10*35 1 -795 .069

980.0000 37 1 .06 PQ. 7 1 9.29 1.873 .076

5 0 0 • 0 0 O n 29 • 69 9 1.90 8.60 1.951 ♦ 083
520.0000 3 3 .95 92.35 7.65 2.029 .089
59 0.170130 20 .57 92.92 7.08 2.107 .096
560.0000 28 .80 93.72 6.28 2.185 . 1 03
580.0000 1 6 .96 9 9 . T8 5.82 2.263 .110

► ♦ n v F R FI 0 W ♦ •• 0R8ERVFD FREQUENCY * 203 -

)ri.f name: Td2

UPPER ORSFRVFD PERCENT CUMUL AT IVF CUMULA TIVF MULT1 Pt E DEVIATION
I I M f T frequentv OF TOTAL PERCENTAGE pfmaInder OF MEAN FROM MEAN

I o o. o n n n 2 35 0 9 8.53 9« . 5 3 51.97 .59 2 -.039
: 2(i.tiono 299 6.07 5 8.61 95.39 . 650 - . 026
i9n.unoo 2 7 7 5.72 60.33 99.67 .758 -. n i h

160.0000 25 7 5.3 1 6 5.63 39.37 .867 -.nip

t f’o.noon ? 1 6 9.96 70.10 29.90 .975 - . 002
2"h,nnnn 202 9.17 7 9.27 2 5.73 1.083 . 006

22n.noon 1 3 1 - 2.7 1 7 6.97 23-03 1.192 .019



151
;»<in . tli.mn 1 <4 3 z .95 79.93 20.07 1 • 300 .022
•/*(<, unnn 1 4 3 2.95 82.88 17.12 1.808 .030
^p'j. tuinn ! 0« 2.23 85.11 1 R . 89 1.517 .038
31m. iinim 97 2.00 87.11 12.89 1.625 .086
3?U.lJP0'3 RS 1 • 7 A HR . 87 11.13 1.733 . 058
3 *f o • u 0 o n 60 J . 2R 90.11 9. R9 1.882 .062
3ao.unno 70 1 . R5 91.55 8 . R5 1.950 .070
3 H n e u 0 0 0 SR 1.12 92.67 7.33 2.058 .078

toneunno RR • 91 93.58 6. R2 2. 1 A7 .086

M2n.onnn 3 3 . .68 9R . 2 6 5.7R 2.275 . 098
*< 4 n. u n n n 3R .70 9R . 96 5.OR 2.383 .102

<4 a n. u n n n 3? .66 95.62 R . 38 2.892 .110
*4 ro . noon 26 • SR 96.16 3.8R 2.600 .118
5 o n. u n o n 1 9 • 39 9A . 55 3 . R5 2.708 . 1 26

5 ? o. o n n o 21 • R3 96.98 3.02 2.817 ,138
5 r o. u o n n 1 9 • 39 97.38 2.62 2.925 .182
5A0.uono 23 . RR 97.85 2^1 5 3.033 . 1 SO

6Ru.onnn 1 9 • 39 98.2R 1 7?6 3.182 . 1 58
••OVERFLOW •♦• ORSERVFD FREQUENCY • 85

4RLF name; TYPE

UPPER 0 R 5 f R V E 0 PERCENT CUMULATIvr CUMtJL AT I vr MULT I P| E DEVIATION
LIMIT FKFQIJFNCY OF TOTAL PERCENTAGE RFMA I NDEp OF MEAN FROM MEAN

1 .0000 1 7R0 R9.89 R 9 . H9 50.11 . 3RA - . 8?R
2. oonn 29R 8.5R 58 . R3 R 1.57 .773 - . 306
3.0000 RR 1 1 2 • AR 7 1.07 28.93 1.159 .215
H.oono 1 90 5. R5 76.52 23 • R8 1.58 6 .736
5.0000 378 1 0.8 R 87.36 . 1 2.AR 1.932 1 .258
a .onnn 3 70 I U . 6 1 97.96 2 . OR 2.319 1.779

?.onoo 7 I 2.OR 100.00 • 00 2.705 2.300
R F M A I H I 0 G ERE HUEMGIES ARE ALL ZERO

able mamp; CITY

UPPER Odsfpvfo PERCENT CUMULAT[VF ( UMIIL A T I vr mi.il T 1P| E DEVIATION
LIMIT FKEOIlEMfY OF TOTAL PERCENTAGE RFMAINDEp OF MEAN FROM mean

! .unnn 1 1 R 3.27 3.27 96-73 .076 -2.257

2.0000 65 . 1 . RA 5.13 9 R . 8 7 .15 3 -2.070
3. u n n o A A 1 . R9 7.02 92.98 .229 - 1 . R 8 3
<4. unon A? 1 « 7R 8.80 9 1 . 2 U .30 6 - 1 . A9A
5. on no 60 1-72 10.52 89 . R 8 • 382 - 1 .509
a . ij n n n 8 5 2 . R R 12.96 R7 . OR .859 -1.322
7.0000 2 1 9 6.28 1 9.2R 80.76 • 5 35 -1.135
r . onnn 1 35 3.87 2 3.11 76.89 .612 -.988

9. unnn 1 1 1 3.18 26.29 73.71 .688 -.76 1
1 o .unnn 1 92 5.50 3 1.79 68.21 .765 -.578
l 1 .unnn 1 1 5 3.30 3 5.09 6R • 9 1 .88 1 -.387

i7.noon 225 6 . R5 R 1 . 5R 5R.R6 .918 -. 20n
1 3 . u n n o 8 1 2.32 R 3.86 56.18 .998 -.0 13
i h . onnn 255 7.3 1 5 1.18 RB . R2 1.071 .17 3
1 s. uono 2R 7 7.OR 5R . 26 “1.78 1.187 .3 60

1 a . onnn 286 B. 20 66 . R6 33.58 1.228 .587
i 7 ."unnn 22R 6. R2 72.88 27.12 1.300 .738
! R . U 0 0 n 88 2.52 75.RO 28.60 1.377 .92 1
1 9. ijrioo R5R 2 R . /. 0 100.on • no 1.853 1.108

P F 1 n I n I riG F PF OUF K|r I F S A PF All ZERO

681 c name: T ( RS 1

API r n a m f ; T ( 8 A )
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ARt F N AMF t T ( RH )

* «1. F N A M f : T ( R9 )

ablf name: T ( 90 )

A RL F NAMF ! T ( 9 1 )

A6L F N AMF : T ( 92 )

ABLF M A M F : T ( 93 )

ARIF name : T ( 9 9 )

ARLF name: T ( 95 )

ARIF name: T ( 96 J

ABLF n ame : T ( 97 I

i»8LF N AMF : T ( 98 )

6 BL F n ame : T ( 99 }

’ A M n o M RANDOM RANDOM RANDOM
-mebator MULT I PL J E9 I ncrement SEED

i. 1220/03125 0 16620/Pr'73
2 3191592653 27 1 82BI 829 3191592653
3 27 I R28 1 R 29 3191592653 2718281829
'1 10609999373 7261067085 10609999373
5 17299876309 7261067085 17299876309
6 30517578125 7261067085 30517578125
7 2565/27293 3598|228 2565727793
R 107936937 9292359 107936937
9 2293R /6222I 689 1 22938762721

! 0 621999377 92111326 621999377

498' RESET
499 RFSET T ( 8 1 - 82 1
>00 START 1 20

11 I T 1 FS : 
I F2 F3 F9 F5
■> F 7 F 8 T9 F 1 0
1 1 F 1 2 F 1 3 F 1 9 F 1 5
I 6 F 1 7 E 1 8 F 1 9 F2o
’ 1 F 22 F23 F29 F2S
>6 F2/ F28 F29 F3o
16 F7 / F86 FH7 F9 i
>2 F 93 F99 F95

r n « a g f s :
i 52 S3 59 Sb
■> 57 S8 S9 S 1 0
1 1 5 1 2 5 I 3 S 1 9 S 1 r,
1 6 5 1 / S 1 8 " S 1 9 S3|
1 2 533 -S39 S35 S3A



3 T 
».?
4 7

S3H
SH3 
bHH

S39
SRI
SS9

S80
SR5

88 1
886

IEUFS :
1 Q2 03 Q8 05

$ Q7 08 09 0 1 0
1 1 Q 1 2 0 1 3 Q 1 8 0 1 G
1 6 Q 1 / 0 I 8 0 1 9 02n
?! Q22 023 028 02g

31 G32 033 038 03g

36 Q 3 / 0 38 039 08n
4 1 QH 2 083 Q88 Q8S
*6 y H / 088 089 QSn
S I (JS2 053 Q58 OSG
76 07 7 086 087 09 1

?2 093 098 095 Q9a

?7 098 099

153

Hi R A M F T F R S !
1

। F . T 1 m F 
TN UM

P2
P7
w n h < 1
NSE EK

P 3
P8
CPUNUM

P8
P9 
RTN

P5 
CRGTKP 
WO PF

1 p. L F s:
1 12 T 3 T8 T5
s T 7 T8 T9 T 1 0
11 1 1 2 T 1 3 T 1 8 T 1 G
I 6 1 1 / T 1 8 T 1 9 T3 ]
5 2 r 33 T 38 T35 T36
3 7 r 38 T39 T80 T8 1
42 1 83 T 88 T85 T8a

4 7 1 88 T8V T6 1 T6?
53 1 6 8 T 6b T66 T67
5 R I AV T 70 T 7 1 T 7 ?
7 3 r 78 T 75 T 76 T77
78 r 7v T8 1 T82 I Ypr

1 T Y

s vexs :
1 VF 1

i n r t i n s : 
(POM 
r i M?
>p r
FRA J
VI tu

HOFF
I L M G 
L I NF 
SFtK

T T YPF
Ot NT 
T F R m L 
SFRCH

XM I <;
I MPdo 
CPfl<-PD
P h A n D

TT T m 1
ninon
DATRAS
CRGFN

t R 1 F S I
" R M
»F rn

I AM
i a n mf

CPI. ! N

C- X G F N 1
POLIO
T X T 01J

F. X G F N 2 ' A D V T M F
TXT TN KFy

L ! OUT CPnijT



1 n r f, | n IS TOT I « AGA I N
7«* D a r r 27 MF RF 29 LOOPP

N 7 A2 there 6A OUT

7 7 n-'T T R7 GTOUT 8® CPUPRC

9 R toil 1 OR NODSr I I n CRSTLK

I 1 9 r^STr| ! 27 ARQRT

NHMRFff nr TPANS*CT!OMS AtLOWFDi 226

*?rt*T|VF AHSOIUTf TERMINATION 
CLf'F*' T!MF ClOClf TfMF COUNT

7?nnnn l6i«oao 120

PtOCr C i * p o total «lock C’’RR TOTAL FLOCK CUPP total pl ncir CORP TOTAL BLOCK CORP TOTAL

M TRAN t o A m « TRAN TRAN y T R A m TRAN • TRAN TRAN 11 TRAN TRAN

1 n 3S31 2 0 353 1 3 0 353 1 9 n 353 1 5 0 3531

* n 3S3 ! 7 0 353 1 8 0 3531 9 0 353 ! I 0 0 353!

t f 3 s JSb9 1 7 0 352*4 ! 3 0 352M 1 <1 3 3533 1 5 n MASS

1 * n ** R bS 1 7 23 *4RR9 1 8 n 5 1 R6 1 9 0 5 186 20 17 5198

7 1 r b 1 S I 22 0 SIR! 73 n 5 t R I 2** n 7137 25 0 1 956

?A 0 1 Vb6 27 0 SIR! 28 n 5 18 1 29 0 5977 30 0 5972

3 1 1 3 b9R6 37 0 5973 33 0 5973 3M 0 5973 35 n 5973

3A 0 S9 r 3 37 0 S 97 3 38 0 597 3 39 0 597 3 **0 n 5973

R 1 n b9 l 3 x 7 1 59 7 3 M3 0 5972 M M r 59MO MS n S9M0

MA n b9««n M 7 0 S97? U H 0 5972 M9 0 597? SO n 5972

"e, । 0 59/7 52 n 597? S3 n 5972 5*4 r 597? S5 0 597?

SA a • 59/2 57 0 5972 58 0 5972 59 n 79 1 60 n 79|

A ! n 791 6? 0 S I A ! 63 n 5 1 R 1 AM n 5 18 1 65 n 5)81

A A n 51 xi 6 7 1 A 5 1 9 A A8 n 5 1 78 69 0 370 70 n 320

7 ! n 3 20 7? 0 MR5R 73 r *i RS8 7M n «05R 75 n MR58

7 A n x Q b R 7 ’ a *<R5R 78 n 3 ** 3 M 79 r 3*t3M M0 n 3M3M

► 1 z 0 3«* JM 82 0 3*4 3*4 R3 n 3M 3H 8*4 0 3*«3** BS n 1325

RA n i 32S H 7 0 2 1 09 88 n 210V 89 r 597 7 90 n 5972 4

91 n b 9 / 7 97 0 597? 93 H 5972 9*4 n 597 2 95 0 5972

9A n b972 97 0 5977 98 n 9 1 SH 99 n 9 1 59 1 on n 9 1 5M

mi n y 1 b m 102 n 9 1 5*4 103 n 5972 1 0** r 5977 105 n 597?

| OA n 59 107 0 59 7 7 108 n 5972 1 09 n 5977 1 1 n n 32

1 1 1 0 32 1 t ? 0 37 1 13 H 32 1 1 *4 r. 37 1 1 5 n 32

1 1 A 0 3? 1 1 7 0 37 1 18 n 32 I 1 9 0 37 1 70 0 32

I 21 n 37 I 77 0 32 1 73 n 32 1 2" n 32 1 25 n 3?

1 26 0 32 1 27 0 0 1 26 1 20 1 79 n 1 20

S A yr I S A vr I $a vrx SA VF X SA VFY s a vr x SA vrx SAVFX

v a l ”F NAMF VALUE M A MF VAL MF N a mf VALUE

Si vF l 1 1 0

NtfHttC-p

UT )L I 7 A T r ON E NTP IES

SI 76
PA 

89 

7* 

«6

1 SH

AVEPA^F
T IMF/TRAN5 

2 IN) .88 

20&2.26 

2077.26 

21 3 I •28 

2 1 HS,73 

7 n o n . m a

154



7 . 8«30 Z99 2126.20

fl .6 268 275 2005.80
9 .504 8 169 2150.57

rn . 8335 292 • 2055.13

i: .5520 1 9 1 2081.02

I 2 .9479 308 2215.80

i 3 .4576 1 65 1996.67

i *< .99R1 34 1 2107.44

15 .9800 338 2087.53
16 . 7645 272 2023 . R 1
! 7 .6499 2 1 9 2136.51

1 « .9990 34 7 2072.85

1 9 .505 1 169 2151.82
20 .9163 3 1 5 2094.42

21 .9040 296 2199.04

22 .971? 29 8 2104.93
2 3 .845 8 284 2144.31
2*4 . 0000 n .00
25 .0000 0 . OU
26 .0000 0 .00
2 ? .0000 0 . OU
2R .0000 0 .DO
29 . onno 0 .00
3 0 . ooon 0 . nu

< 3 1 ) . onoo 0 .no
( 32 ) .0000 0 .OU
( 33 ) .0000 0 ,ou
( 34 ) .0000 0 . ou
( 3 5 ) . ooon 0 . 00

( 3 6 ) . 009.0 0 . no
( 37 ) .0000 0 . ou
( 3A ) . 0000 n . ou
( 39 ) .0000 n .no
( 4 0 ) .0000 o - . ou
1 4 1 ) • onoo 0 .00
< 4 2 ) .onoo n . 00
( 4 3 ) . 0000 n .ou

'I 4 4 ) .onoo 0 . ou
( 45 ) . o o o o n . ou
( 4 6 ) .000 0 0 . 00
( 4 7 ) . onno 0 . ou
( 4 6 ) . 0000 0 . ou
< 4 9 } .onno n . ou

< 5 0 ) . nron 0 . nu
( 5 ) ) .0000 0 .no

I 52 1 .0000 0 .ou
( 53 ) ^aoon 0 . U()
( 54} .ooon 0 . (JU
( 5 5 1 . noon 0 . OfT
( 56 ) .0000 n . OU
( 5 7 ) .0000 G . OU
< 5H ) .0000 0 . nu
( 59 ) .onoo 0 . OU
( 60 1 .ooon 0 . ou
( 6 1 ) .0000 0 . uu
( * 2 ) . onno n . nu
( 4 3 ) .noon 0 . nu
( 6 4 1 . o n o n 0 . uu
( 6 5 ) . onoo n .00
( 66 ) . onoo n . nu
( A 7 ) . onoo "(i . () u
( A 4 ) .onno n . nu

155
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r Ron M F *• I1'

30(100.0(100 19 3 9 7.2« 97.28 2.72 2*807 2*555
3 6 000.0(10 0 0
»«OVFRFLG,’1»** ORSERVED

• 00
FREOUFNCY

97.28 2.72
9

3.368 3.3 •! n

1 51 f r! A M F : T 6 7

UPPER ORSFrveo P F R C F M T C U M u 1 A T I V r E (I m ij 1 A T I V r MUL T I °| F n r v i s T I ON
( (MIT FRFQHFb'CY F TOTAL PERCENTAGE R F M A I N n E 9 OF MFA L! r p n m M E" A A*

30(010 • 0'100 266 93*33 9 3*33 6*67 2*215 1*779
36000.0000 11
I «• O V F R F (. n • • • n R s F R V F n

3.86
FREOUFMCY

97.19 2.81
8

2.658 2.927

1 R ( F M A M F : T 6 «

UPPER op server PERCENT r UMUI A T I VF CUMUL A TIvr MULT I pI F OF V f A T I nu
LIMIT ERFOOEMCY nF TOTAL P F R C F N T A g r rfmainofp OF MEAN FRO*-* mean

3 OOP 0.0 0 0(1 2 05 96.70 96. /(] 3.30 2.597 1 . P2n
Y6fHT<3»iH'0n ?
nwOVFPEl OA/**# ORSERVEE)

.99 
frequency

9 7.69 2. 36
5

3*056 2.919

I R f F Al A M F ; T .6 9

UPPER ORSFRVFO P F R C F N T C U MIJ 1 A T I V F CII mII1. A T I V r MULT 1 PLF OFV I A T I PM
LIMIT FREQOENCY nF TOTAL PERCENTAGE rfmainofp OF MEAN FROM MEAN

mono, non rr 159 96.86 9 6.86 3.19 2*793 2*65?

36000.(JOOO 3
. • n v F P F 1 0 ■« * • • n n 5 F R V F n

I"1 F name: T/0

I . 89 
FRFOUFUCY

98.79 1 *26
. 2

3*29 1 3.987

UPPER ORSFRVEn percent C UmU| A T I vf C 11M UI A T 1 v r M11L T I P1 E 6F V 1 A T 1 ON

LIMIT FRFQOFNCY OF I 0 T » L I* F R E F N 1 AGE RENA I N 0 F R OF MEAN FROM Mf A A'
30000.0000 290 R 9.22 89.22 1 El • 7 8 1*735 ] . 2 3 0



H . R3 2 •OR I
FOF QUFNC Y

1 • « I !XA(iO') • t>nno . 16
««pvFRFl owe *• ORtERVED

t r t r o a M f : t /1

UPPER
■ LIMIT

30000.0000
36000.0000
i • R V F R F 1 n -« < •

ORSFRVFD 
freqofmcY 

1 74 
q

* ORSFRVFD

p p" r c r m t
OF TOTAL

96.67
2.2?

FREQUENCY

CUMOL AT IVF 
percentage 

96.67 
9R . 89

CUMOL AT Ivr 
REM A INOFR 

3.3 3 
1.11 

2

HOLT I P|.F 
OF MEAN 

2.675 
3.210

D F V I A T I o u
FROM M p A M

7 . A 7 5
3.530

ARIF N A H F ! T

HPPFR

!?

OR SFpVFn P F R C F M T CUMULATIVE CUMIILATIVF MULT 1 PfF PF V I A T I OM
LIMIT FREQOE’lf Y OF TOTAL P F PC E M T A r- F RFMa INDFn OF MEAN FROM MEAN

30000.0000 27R 93 . R A 9 3.8 A 6.19 1 .905 1 . A ) q
36000.0000 9 3.07 96.93 3.07 2.7R6 2.79R
► envf rFLnit ♦ • • orre^VEO

IR L F name: T / 3

UPPER ORSPRVFO

frfoiipncy

P F R C F m T COMUI A T I VF

9

CUMOL ATIvr MULT IpLE n f V I A T I n m
LIMIT FKEOIIEMFY OF TOTAL percentage RFMaINDE^ OF MEAN FROM M F A M

30000.0000 I ss 9R. 1 0 9R . 1 0 1 .90 2» 899 3.257
36000.0000 3 1 . 90 100.00 • 00 3.913 9 . ?A?
? F' M A I u I N R F R

1 R [ F M A H F : 1 

iIPPF »

t')UF M0 I F S 6 PE ALL ZERO

/ ‘t

ORSFRVFO PFRCFMT COmIILATI'/F CUmul A T I ><r m u l T T p । p nr V yAT I mi
LIMIT F R F Q ' l E *! C Y OF TOTAL P F R C p N T A a F ° F M A I N O E P OF M F A M F c n M M F A M

30000.0000 790 7b.95 75.95 29*05 1 .797 , A H 3

3 A 000 . LI 0 00 3? 10.13 8 6.08 13.92 ! .996 .97 0
i »n VE PF I n ri » « • 0 R 9 F p V F 0 F R E 011F M F Y • 99

IR(.r M A HF : T / R

UPPL p 0 R S F R V f n P f R C F N T C UMUI. A T I 'if CUMtjLAT I vr m 111. T I RI E n F V T A T I OH
LIMIT F R F 0 11 F 0 C Y •'F TOTAL PERCENTAGE P f m a J NOE” OF MEAN FROM MF A M

Yiinoo. on no 275 R / . 8 A 8 7.86 12.19 1.557 I . 1 2 n
36001.1 . (10(10 2 1 6.7! 99.57 5.93 1.868 1 .759
.♦nvFPFLOV.** npFrpvFD frequency • 1 7

1R! F M A I-T : T / A

UPPER OP SERVED P f- R r F u T CUMULA TIVF C umui A T I VF multiple OF V I a T I mi
1 I M I T EPF QIIFNC Y OF TOTAL PERCENTagf REM A I NOEP OF MEAN FRO1-* mran

30000.0000 957 9/.23 9 7.23 7« 7 7 2.902 2.885
36000.jnoo 9 .85 98.09 1.91 3*982 3.191
i«nvr pf ! 0 • ♦• ORSFRVFD F R F 0 0 F N r Y • 9

IB! F M A m F I T / 7

UPPER opsrRvrn PERCENT C UMUL A T I 'IF CUMUL. A T I VF MOL T I Pi F OF V I A T 1 DM
LIMIT frequency OF TOTAL PERCEN T AGF RFMAINDFp OF MEAN FROM M F A LI

3 0000.0(100 790 88.9 1 88.91 11.59 1.978 1.2*9
e t nno . fumo 7 3 7.0 1 9 5.93 9.57 1.779 7.095
► * ।' v f R l | n *' • • • 0 •'< 5 r V v F , Fu( UiirtiC Y • 1.5

(RIF NAME ! T 7 R

UPPf R 0 P S r R v F n PERCENT curoii A T I vr CUf'UI A T I '!F MUL I I Pt F OF V I A T I O"



1 0 H

& RIF M AMF I T ( RO)

IjHfT F^FQi'rorY OF TOTAL PFRCFNTaof 
9R . /A 
9 9.3 R

RFMA1NOFp
1 . ?H 

.62
1

OF MEAN
3.136
3.763

FROM MF * H
3 . A » ft 
9.77|

mono. no on 1 S9
» 6tmo. (loon 1
. . n V FPFLOt**** nRSFRVFD

VR . 7 A
.A?

F R E <>’ O F M C Y

A R l F N A M F : T / 9

UPPFP ORSFFVFD percent cumulative CUMULATIVE mult I RLE of V T A T I Of-
LIMIT FHFQIIFMCY of TOTAL percentage REMAINDER OF MEAN FROM Mr ft M

3rionn. noon ioad

3 Aimi). noon 11
• •OVFRFLO orrfpvfo

9 7 . F ?
1.01

FREQUENCY

97.52
9 8.53

2.98
1.97

1 A

2*690
3 • 1 A8

? . A 3 1
3 . u 79

1 P L F m A M F : T 8 1

UPPER orSfrvfd PERCENT CUMUI. ATIvf C 11M U L A T 1 V r MULT 1 oi F OF V T A T I ON
1 T M I T FREOIIFMCY OF TOTAL percentage RFMA 1 NDEo OF MEAN EROm mean

i n n. o n n n 1 37 1 3 8.83 3 8.83 6 1.17 .719 - . 02“
120.1)000 1 8 1 5.13 9 3.95 56.05 .2 63 - . 022
19 n.u on n 1 8 9 5.3 5 99.3 1 50.69 • 306 -.021
1ao.uonn 1 AM 9.69 53.95 9 6.05 • 350 - . 020
! R n . u n o n 1 6 1 9.5 A 58.51 9 1.99 • 399 - . n 1 R

?nn.unoo 1 3° 3.99 6 2.95 37.55 .9 38 -.017
??n.unnn 1 1 7 3.3 1 65.76 39.29 .981 -.0)6

? r fi. u o n n 1 2A 3.57 6 9.33 3-0.6 7 • 525 -.01“

2 aii . unnn 1 1 3.23 72.56 2 7.99 . 5 A <? — .013
2 R n. u n o n 9 7 2.75 75.30 . 79.70 .613 -.017
300. o(>nn «F> 2.91 7 7.71 22.29 .65 6 - . 0 1 n

320.onon 70 1.98 79.69 20.31 .7 00 -.009

3 R (). unoo 77 2.18 8 1.87 18.13 .799 - , nr n

3 AO. tuinri An 1 . 7n 8 3.57 16.93 .788 - . P 0 A
3ei.l . UOflO 55 1.56 8 5.13 19.87 .83 1 -. no5
q 0 n . 11 n o n MQ 1.13 86.26 13.79 .0 75 -.009

97o,oonn - 9 9 1 • 25 87.5 1 12.99 .919 -.no?
*«‘in. i.Hinn 5 0 1.92 8 8.93 11-07 • 963 - . no i

9 an.onon 2 3 .65 8 9.5 R 10.92 1 . 0 D 6 .nun

MR!). onnn 39 1.10 90.68 9.32 1 • 0 c- 0 . nn 7
5nn.onnn 2 8 .79 9 1.98 8.52 1 . 09M . n o 3
5 70.(1000 35 .99 9 2.97 7.53 1.13R .OOM

5 9 0 . u 1 f > 0 3 1 . 8 8 93.39 6 . A6 1.182 .00 6
SAnaifinn 22 .62 93.97 6.03 1.225 .00 7
5»n. tuion 1 9 . MO 99.36 5.69 1.769 .OOP

i » n v f p F l. n ♦ e n R 5 E P v F D FPf. OUFNC Y : 1 99

i RI : ‘I AMP I TH?

: I P 1- F p orsfpvfo P F R C F N T CUMIII ATIVF ClimiL^T I ur m u L T I P1 F OF V T a T I O»(

I. I o I T p H F Q'lF NF Y OF TOTAL PF PC F‘l I Ar.F REMAIN0 F R OF MEAN FROM uFAM
1 f> n. n n n n 23? 1 9 7.78 9 7.78 52.22 .30 1 -.018

17n.unnn 309 6.36 59.19 9 5.86 .36 1 -.017

1“0.unnn 272 5.60 59.79 9 0.26 • 92 1 -.015

1 A u . 11 o n n 2 A9 5.59 6 5.77 39.73 .98? -.013

iRo.nnnn 222 9.57 69.89 30.16 .592 -.012
2f"!. nonn 1 8 9 3.79 7 1.63 2 6.37 .60 2 -.Pin

77'l.HiHin 1 58 3.75 7 6.88 2 3.12 . A A 2 - . nf<p
. ulion | <4 V 3.f|7 7 v . 9 5 20*05 • 722 -.007

2An.unnn 1 3 9 2.76 8 2.71 ... 1 7.29 .783 -. nn a

?p n, iiinm 1 1 5 7.37 85.08 19.92 .893 -.009
T n 11.11 n r । n 1 05 2-16 8 7.79 12.76 .9 03 -.003

3 2' l . I if) 11 o 6 7 1.3R 8 8.62 11.38 . 9 A 3 - . no 1



169
3 ‘i ii«(inno (>R 1 .80 90.02 9.98 1*023 * no 1
3 a ii. -in tm 6 6 I • 3 A 9 1.38 8.62 1*088 .002
3f>n.iinnn 59 1*21 92.59 7.81 1*188 . OOH
h n 11.11 n n q 57 1 • (1 7 93.66 6.38 1*208 . 0 05

« ?n•unnn M 1 .88 98.50 5.50 1*268 . 007
umo, mion 29 .60 95.10 8.90 1*328 . OOP
-4 All . (10(10 3 7 .76 95.86 8.18 1*385 .010
MHO . tio no 30 .62 96.88 3.52 1*885 .012

son • ijnno I R • 3 7 96.85 3.15 1 *505 .0 13
=>20.0000 2 1 . 8 3 97.28 2.72 1.565 * 0 1 5
SM() . 0000 25 • 5 1 97.80 2.20 1.625 * 0 1 6
=.60.0000 1 H . 29 98.09 1.91 1.686 .018
s r n. 11 o n o 1 3 . 2 7 98.35 1 .65 1.786 .019

• » D V F P F L 0 (V * •• nacpPVFD FPFQIIFNCY • 80

A n l F M A F : T Y PF

OPPFP 0 R S F R V F 0 P F R C F N T CUMOL AT JVF CUMOL AT Ivr MULT I p| F OFV T A TIOM
L T M T T FRFQOFNCY OF TOTAL PF P C F M T A a F RFMAINDFn OF MF A M F P 0 M M F A M
1.0000 . 1768 50*07 50*07 89« 93 • 393 -* R22
2.0000 3 1 8 8.89 58.96 8 1.08 .787 -.289
3.0000 868 13.25 72.22 27.78 1*180 . 2HH

M.0000 1 98 5.89 7 7.71 22.29 1*573 .7 77
5.0000 369 10.85 88.16 11.88 1*966 1.310

6.0000 369 10.85 98.61 1.39 2*360 1 . 8 8 3

7.0000 8 9 1.39 100.00 .00 2*753 7.376

9 F M A ( M I M 0 FPLPiJFor I rs APE ALL ZFPO

f. p. L r f-i A M F : CITY

UpuFP ORSrovrn PFRCF*' T CUM 01 A T 1 VF C " 'i IJ t A T I v r MOLTT9LF PF V I A T 1 OM
LIMIT FKrnilFMFY nF TOTAL P E P C F o T A C F P F M A 1 M D E OF M F A 11 r p n m m r a ni

1 . (111 fl Fl 1 08 3.06 3*06 96*98 * 075 -2.370

2.0 0 0 0 5 0 1.82 8.87 9 5*53 *15 1 -2.177
3.0(100 56 1 -59 6.06 93*98 .226 - ] .988
4 . (JOIVI 53 1.50 7.56 92*88 • 301 -1.791
5 . o n n n u 7 1.19 8.75 9 1.25 .377 - 1 .5 9n

6.0(010 O If 2.66 11.81 88.59 .852 - 1 . M()R
7.(10(10 1 9 7 5.58 16.99 8 3*01 .577 -1.217
a. ijorm 1 (4 8 8.08 7 I .07 78.93 • 60 2 - 1 . 0 ! 0
P . U'lOO 1 09 2.95 2 8.02 75.98 .678 -.826

1 fl . (0100 2 I ? 6.00 3 0.07 69.98 .753 -.633

1 I .110 0 0 1 25 3.58 3 3.56 66*88 .828 -.8 = 0

1 2.0000 2 1 9 6.20 39.76 60*28 .908 -.297

I 3.11000 9 1 2.58 82.38 5 7.66 . 9 7 p -.058
1h »noon 29 7 8.81 50.75 8 9.25 1.058 .139

1 5 . n 1)0 0 25 6 1 .25 5 8.00 8 2.00 1.130 .332
1 6 lOOIIO 29 1 8.28 6 6.28 3 3.76 1.205 .525
1 / . IJ1) (1 (1 229 6.89 72^Z3 2 7.2 7 1.280 .718

I R.iinnn 90 2.55 7 5.28 28.72 1.355 . 9t t
1 '< . 11(100 87 3 28.72 100.00 * no 1*831 1.108

F-F 1* A pl J OF F P F. 0 U F m r J f 8 APF Aft ZFPO

8 It f r m A m p : T ( «SJ

i *' i r m u f : t (

ami r tiA'iF : T ( .M 7 )

f fl I F M 8 M r I T f UH)

* mi t fi a nr ; t ( p 9 )
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ARIF NAME : t ( si)

ARIF N A M r 

ARIE NAME 

AHLF m Amc

ARI F NAME 

A R L F N A M F

: t < 9?)

: i ( 93) 

t T ( ?q )

: t ( 95 >

: t < )

« ? L F H A w F

ARIF NAME

: r ( 97i

: i i 9r )

S R L F N A M F

R A M n 0 M

: t ( 99)

H A NORM random RANDOM
Fk'F W f, T 0 9 M11L T I P LJ E 9 increment SFED

1 1720/03175 0 13161580685
? 3141^92653 2 71 8241R29 3141592653

3 271P2B1R79 3141592653 2 7 1 8 2 8 1 ° 2 9
R 1 1)6 l) 4 4 90 3 7 3 7261067085 10604499373
5 17249876309 7761067085 . I 72498/63 0 9

30517574)25 7261067085 30517578125
7 2565/27293 35981228 2565/27793
R 107936437 4292354 10793643/
9 2 2 43 P / A?2 21 6»9 1 22438762221

i n 62)444377 92]11326 62144437/

sni
Rfl •>

R F S F T 
PFSFT T ( 8 1 - 8 2 )

*=. 1) 3 START 1 20

ac 11 tti:
1 F 2 F3 F4 F5
6 f- 7 F8 F 9 F 1 n
1 1 E 1 2 F 1 3 F 1 4 F 1 c
i 6 F 1 / F I 8 F 1 9 F20
2 1 F 22 F 23 F24 F 25
? F 2/ F28 F 29 F3n
7 6 F 7 / F8 6 -F8 7 F9 i
92 F 9 3 F94 F95

TOP AGES: 
1 52 S3 5 4 S5
A S 7 58 S9 S 1 0
) 1 5 1 2 S 1 3 SI 4 S 1 5
1 6 5 I / S 1 8 SIR S31
< 2 5 3 3 5 34 5 3 5 S3 A
3 ) 5 3 8 539 S4C S4 )
4 2 5 4 3 55 4 s'is ■■■ S4 6
M / 5 4 8 549



hfi'fs:
i 'J? 0 3 04 QS

A y 7 OR 09 Q I n

i 1 y i 2 0 i 3 '.014 Q 1 5

I #> O 1 1 0 1 R 0 1 9 Q2n

? i Q2Z 023 Q24 029

3 I 032 033 034 035

36 03 7 038 039 Q4o

'M J 0M2 043 044 045
09/ 0 4 8 049 osn

*5 1 052 053 . Q54 055

176 0 7/ 086 08 7 Q9 ]

19?
,9 )

>a. ramftfrs:

093 
09 H

094
099

095 09A

• J P2 ■ P3 P4 PS
•6 P7 P8 P9 C R 5 T K P
)‘IE . T I ME
) r M: i m

WORK 1 
N S E E K

CPUNUM R TH WORK

CITY

: A R |_ F S !
r J I 2 T3 T9 T&
! 6 1 7 T8 T9 t 1 n

I 1 1 r i 2 T 1 3 T 1 4 T 1 5
I I 6 r i / T 1 8 T 1 9 T 3 ]

132 I 3 3 T34 T35 T 36
I 3 7 I 3 8 T 39 T40 T4 1

f 4? 1 4 3 T 4 9 T45 T9 A
I 4 7 I 9 d T49 T6 1 T6?

f A 3 1 6 4 165 T66 767
r ar 169 T 70 T 7 1 T7?
1 7 3 T 74 T 75 T 7 6 T77

1 ZH 1 7 9 TH 1 T 82 T Ypf

171

5 AVFxs :
S A VF 1

F Hfic T TONS!
E X POM HOFF T T YPF
IT 1 M? 1 ML Nfi HUNT
CPP f L J NF TERML
N IP r J SEEK SERCtt
5 I 1 H

XM I S
I m p n n 
c P ! I c p D 
RE AHO

T T T M 1
0 T P P 0
D A T P A S
C R F r N

V A R t 6 R t. F s:
Term r a h E X G F N 1 E X G F N 2 A n V T M F

■•> n f f n r A T I MF POLLD TXT I N KEY

L 7 o I H CPL I M T X TOO L I OUT CPnijT

hi nr rs:
I R F r, I n 1 5 TOT 1 P AGAIN

2 4 RACK 77 HEPT 2 0 L n n p p
9 7 MORT M 62" THE PF 6 6 OUT



1? PUTT 

rp«t 
) | «>

M GTOUT 

!08 NDDSK 

177 ARORT

89 CPtfoRf 

1 in CRSTLK

^mnafr nr tpmmractrn>is allowed: 2?a

RFtATfVF iticniUTF TERMINATION 

<Lnr>' i|Mr Ciocr timf count
770non 233ROOO 120

tstOCr CUPP TOTAL RLOCt CURR TOTAL BLOCK CORP TOTAL st Ofv CORP TOTAL BLOCK CORP TOTAL
g TRAN TRAN N TRAN Tran * TRAm TRAN g TRAN TRAN • TRAN TRAN

1 n 3“M8 2 0 3N9R 3 n 3HH8 <4 n 3«4H8 5 0 3HM8

1 6 n J M M R 7 n 3 M M A P n 38 98 9 0 3HH« 1 n 0 3MH8

1 1 . 9 JUH 3 ) 7 0 3R7M 1 3 n 3H7H 1 H 7 3M77 1 5 0 M793

! A n M 7 v 3 1 7 ?N HR 1 6 t H n 509 7 1 9 0 5097 20 17 5 1 1 H

21 n bn*7 22 0 5097 73 r 5097 ,29 n A969 25 0 187?

?A n 1 P 17 27 0 SO9? 78 n 5097 79 0 5870 30 0 5870

31 1 3 *>»H3 37 0 5070 33 r S A70 38 n 5870 35 n 5870

3A n bfl 70 3 7 0 5R70 38 n 5970 39 0 5870 MO n 5870

“ 1 n *10/0 N 7 0 SR 7 | 03 n 5P7 1 <1 H n SR2A “5 0 5826

"A n bR?A «4 7 0 5RA9 9 H n 5 069 H9 0 SA A 9 50 0 5 A A 9

S 1 t>R69 % 7 0 5AA9 S3 H 5069 5U n 5 A A 9 55 n SR69

SA ') bR69 S7 0 5RA9 58 n 5A69 59 0 773 60 0 7 7 3

6 1 n 7/3 62 0 5096 A3 n 5096 AM 0 509A AS n 5096

*6 n SOVA 6 7 1 7 5 | I H 68 n 509 7 A9 0 305 70 n 305

71 n 3US 72 0 H797 73 n 0792 7M n M79? 75 n M 79?

7 A n H7V? 7 7 0 979? 78 3 3 7 7 79 n 3377 80 n 3377

R 1 n . 3377 R7 0 3 37 7 A3 fl 3 3 7 7 am n 3 3 7 7 85 0 1323

PA 0 1 323 8 7 n 70SH AB 7D5M A9 n 587 1 90 n 58 7 )

9I 0 bR 7 ) 9? 0 5R7 ! 93 n 587 1 9M 0 58 7 1 95 n 58 7 (

PA n b*> / I 97 n 5R7 1 98 H PR 1 5 99 ! PHIS 1 <J0 n RR 1 M

ini n HP 1 R 102 0 HR | H 103 f* 5 R 70 1 OH n 5870 1 05 n 5870

t pa n b R 7 0 1 0 7 □ 5870 1 08 n 5070 1 09 n 5P70 1 1 0 0 H5

1 11 n N S 1 1 7 0 HS 1 1 3 n H5 ! I H r 85 1 1 5 0 MS

1 1 A 0 HR 1 1 7 0 H5 1 1 8 n H5 1 1 9 1 MS 1 20 n MH

121 n *♦ U ! ?? 0 0 H 123 n AH 1 7 M n M M 1 25 n MH

1 ? A n N M 1 2 7 n n ) 7* n 1 20 t ?9 n 1 20

Sivri

SA VEX

r Af T| ITT A v F e A 5 r NUMPFR A V F R A r. r

tl 1 Mf UT H t 7 A T « ON ENTRIES T J MF/fP* NS

F 1 • Sy 3M 197 70 37.7b

F 7 . ?» ?M 93 2186.09

t 3 • 7 A H A 89 71 HO.3H

f A . 1 97N AM 71 AM.09

f $ • 2 5 7 3 9 ! 2035.a?
f A • **930 167 7125.71

F 7 .855 1 286 7157.71

F 8 .62*»3 273 2015.70

F9 .51 71 J 75 7)28.91

F 1 0 ■ R 1 5 5 297 7010.90

« ’ 1 . 5 •> A | 1 9 3 1 9 A •> . #■ b

cAvrY SAvr y
VALUF

SAVrx SAVFX

172



j ? .922R 3 1 *4 7 1 16.09

f 1 .4250 1 5 I 7026.37

1 M 1.oono 3 35 2149.2b
.9ASS 3 76 7132.44

i A .807*4 277 2085.57

1 7 . 6873 7 39 2070.44

t R .9996 3*42 2104.41

I V .3*407 1 23 1994.07

70 .9019 ■ 305 7129.0b

71 .8822 294 2160.42
77 . 8353 2 75 2186.94

73 . 79 7 3 2 65 7166.21
7H .0000 0 .00
7S . onoo 0 . OU
26 . 0 0 0 0 0 . OU
71 .0000 0 .OU
?R .0000 0 .OU
79 .0000 0 .OU
30 . 0000 0 .00

( 3! ) . 0000 0 .OU
( 3 7 ) . 0000 0 .OU
( 331 .0000 0 .0(1
S 3*4 ) . 0000 0 .OU

< 3S ) .0000 0 .00
( 36 ) . 0000 0 .OU
! 3 7 ) .0000 0 .OU
( 3 8 ) .0000 0 .00
1 3 9 ) .0000 0 . (It)
I Ml) ) .0000 0 . 0 0
( 8 1 ) .0000 0 . 0 0
( M? ) .0000 0 .00
( R 3 ) .0000 0 . 0 0
( 'I '4 ) .0000 0 . (.10
r y 5) .0000 0 . OU
t ‘4 6 ) .0000 0 . 00
i 8 7 ) .0000 0 . OU
( u R ) . o n o o 0 . 0 0
1 99 ) .0000 0 . 0 0
I SO ) .0000 0 .OU
( S 1 ) . 0 o o 0 0 .OU
( 5 7 ) . U fl 0 0 0 . UO
( S3 ) .0000 0 .OU
( S<4 1 .0000 0 . (JU
( Sb ) . oooo 0 . (JU
( S 6 ) .0000 0 .UO
( S 7 ) .onoo 0 .00
< SR ) . oooo 0 . DU

t-9 ) .0000 0 .0(1
t 6 0 ) .0000 0 .OU
4 6 1 » .0000 0 . cm
i A 7 1 .0000 0 . uu
( 6 3 ) .0000 0 . 0 u
< A-4 ) .0000 0 . no
( AS >‘ .0000 0 .uu

( A6 ) .0000 0 . OU
( »•> 7 ) . o o n o 0 . OU
< AR ) .0000 0 . no
( 9 ) . oooo 0 . ।; 11

( 7 0 ) .000 0 0 .nil
( 7 1 ) . 0000 0 . ()()
( 7 ? ) .onoo 0 . 0(1
t 7 3 ) .0000 0 . on
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F 1 7 H ) eonoo 0 .OU

f f 7S> • 0000 0 .00

r z a • 03S6 3906 7.S3

<*7 7 • 07S6 Z**6S 7.mh
r t 7S > • 0000 0 ,00

F < 7 9 ) • 0000 0 .OU

F t »0 ) • onno 0 .00

< ( ** 1 > -onoo 0 . OU

F < R? > • 0000 0 . OU

► ( A 3 ) • onoo 0 .OU

F < A M ) • 0000 0 -OU

F < «5 ) • onoo 0 .00

FAS ♦ H7‘<6 6867 MM ,SS

F A 7 • 30AM M V AR MM ,6V

f ( AR 1 .0000 0 .nu

r ( 09 ) -onoo 0 . no

F < 90 J .0000 0 ,nu

F9 | • 0H33 9 ! | 8 1M.S7

F<?2 • US A A 27q6 ! S . 1 I

f 9 3 • 07y3 3 /MS 1 M .29

< •? M .0733 I 1 70 1 M , 33

f VS .0000 0 .nu

♦ < 9A ) -0000 0 .00

F < 97 > -oono 0 .OU

F ( 9R ) .0000 0 • nu

F ( 0 9) • onoo 0 .nu

s Tetter M63 T*"'m AVF9AGF V A x 1 M|tM aVFRAGE AvrRAfiE JOTAt TOTAL A V E R A G r AVFRAGF CURRFNT»• a **r C «vT r»!TS (HMTFMTc Capac Ity rAR AO 1 Tv UTI[1ZAT!ON FNT”rFS T9ANS F*'T/T°ANS T 1 “F/ENT CONTENTS

s I 3 2- 36 3 3 • UO .7879 1 »f? 1 pn 1 -00 9858.61 7

S •> 7 1.0* 7 7.00 .5853 90 90 1 .00 8728.38 0

5 3 2 1-10 7 7.U0 .5*75 «7 A7 1 -no 9U67.10 2

S M 1 . 7 6 1 ! .00 , 7AM9 62 67 i .no 8 m h 2.vn 1

SA 7 .92 7 7.00 ,“61“ RA A R 1 -no 7589.80 1

SA 3 2.30 3 3.U0 . 76R2 t 59 1 59 ' 1 .no 10835.62 3

S 7 S m.A7 5 5 . UC ,9037 7 7 3 273 1 .no 11917.70 8

5* 9 3.01 M M . UO . 7 S 1 3 71 8 21 8 i .no 1011n.A5 3

9 9 3 2«37 3 3-00 . 78RM 1 6 6 1 66 ! -no 10759.]6 3

S I 9 5 m .OS 5 s.UO . P 1 PR 7P2 2R2 i. nn 10*53.18 5

S ! 1 3 Z. 1 7 3 3-UO .729 1 1 P 7 1 R2 i .no 8593.68 3

S 1 7 6 M . QR 6 6 -UO .0 296 795 795 1 .no - 1 215?. 1 1 5

S 1 3 3 1 .97 3 3.un .6802 1 MS I MS I .no 9536.79 1

51* A 7.71 A A.oo _ 9 6 M 3 3 7 3 373 1 -nn 17196.31 8

S ! S 7 6-35 7 7 . UO . 9069 ' 1 ° 3 1 « l • nn 18373.57 5

S 1 * A A . M A A p. un . 9(19 ’ u A | y p | 1 . no 96*5.99 A

si 7 9 R. 51 9 9 . uo . QM5 7 173 373 1 .no 1 8*62. 16 fl

S 1 A 3 1 . 35 3 3.00 . «S ] 7 1 ! A 1 1 A 1. nn 8267.70 2

SI9 1 6 1 5.69 1 6 16.00 .9809 ! HA6 1 0A6 i .nn 1 0MU8.R7 1 6

S < ?o) 0 .00 0 .uo . noon 0 0 -oo .no 0

s < 2 ! 1 0 -00 0 .00 . r'G00 n 0 .no • no 0

5 < 271 0 *00 0 .UO , niinn n n • no .no 0

5 ( 7 3 ) 0 .00 0 .uo , vjnn n 0 • on .no 0

S I IM ) n • oo 0 ,00 . - r-nn 0 0 • nP . no 0

5 ( 75 ) 0 • on o • uo . *onn n 0 .no .ng 0

S ( 76 > 0 .00 0 .00 . oonn P c . no .00 0

S ( 7 7 > 0 .00 0 .00 »noon n 0 . nn . on 0

s t 7« ) 9 • oo 0 .uo .'toon 0 n • no .no 0

s < 291 0 • on 0 • uo .rcon p e • no .no 0

S ! 30» 0 • oo 0 .uo ."(inn n p . nn .no 0

si 1 1 • AM 1 1.00 .5839 197 |97 i .nn 2037.7S 1

532 1 • ?A 1 1 .co . 7878 93 93 1 ,on 21RA.09 0

S 3 3 ) • 76 1 1.00 . ?6«6 09 R9 f .on 7 1 80,3R n

* s U 1 • 1 9 1 f • f' 0 . i V •» ti 4 u 4. U 1 . nn 7 1 A u , n 9 n

174



SIS k • 76 1 1.00 . 2573 9 1 9 I t .no 2035.47 1

S34 1 • H9 1 1.00 .9930 1 *7 167 i .no 2125.71 1

S3? 1 • R6 1 1 .00 .955 1 TP* ?R6 1 .DO 2152.7) 1

SIR 1 • 62 I 1 .00 .67*3 7 7 3 223 1.00 2015.70 1

S3** 1 • 57 1 I .uo . 5 1 7u 1 75 1 75 1 .no 212R•9t 0

s**n 1 • R2 1 1 . oo .9155 7»2 297 1 .no 2010.90 1

SR ! ! • 53 1 1 .00 .S2A| 193 1 93 I «oo 1962.65 1

SR? 1 .92 1 1 .uo .927R 3 ! H 3! M 1 .on 2)16.09 1

S R 3 ! . H 7 1 1.00 . 4250 151 151 i .no 2U2A.37 0

SRH 1 1.00 1 1 .uo 1 .nooo 335 335 1.00 2IH9.25 1SnS 1 • 97 1 1.00 .9655 77* 376 1 .on 2 I 37.MH 1

SR* 7 | .19 2 7.00 . 7HMA 5 1 6 51* 1 .on 2079.5* 2

5-7 I I -00 1 1 .uo .9996 3H? 3M7 i .on 2 1 0 H • H 1 1

«5NR 1 • 3R 1 1 .uo . 3HO7 1 73 ! 73 1. nn 1 9 V M , n 7 0S«i V H 3 • R 2 M M • uo . MbH? 1 1 T9 ! 1 39 1 .nn 2159.77 2

5 1 50 1 0 • 00 0 • uo . ouno 0 0 • no • no 0

S t 5 1 1 0 • 00 0 .00 .0000 0 0 • no .00 0

5 < 5 2 > • 0 • on 0 .00 .noon 0 0 .no .no 0

S ( t-3 ) 0 ♦ 00 0 .00 .ooon n 0 • no • no 0

5 ( RR 1 0 • no 0 .uo .noon n 0 • no .no 0

S ( ss ) 0 • no 0 . uo . nunn n 0 . nn • no 0

OttfifF m<yJ mum A V F » A 5 F TOTAL 7FP0 7FR0S AV. TIMF/FHT AV • TfMF/FNT CURRENT TARLF

ro*7TFNT<; rOMTFhTS cntrJES ENTRIES pfrcfnt (All) < mon ZERO) CONTENTS NAME

71 R . 3H 1 20 57 M7*5n 703U ,R3 3R75.R7 0

'7? 3 . 1 1 57 39 AR . « 7 1 337.RO «7?0.R3 0

y 3 2 .07 56 3R A7-R6 9?7.1» 2969.00 0

'*> u 6 1.7M SM 1 R 33-33 16500.99 7*97 1 .R 7 2

ys 7 .09 H9 29 C, O . I P 1 3 am.90 33HM.no 0

1 * 6 .R2 1 1 6 HR 14 1 • 3 9 50A 3.77 RA3R • 1n 2

7 7 7 . R6 202 73 3A» 1 M 3059.7C. H7RR.RR 0

y ° M . 32 1 3b 7? A3- 33 1690.05 3600.11 0

• MO 1 2* 55 U3.65 2209.75 «OA1 .73 0

v t n i» • 31 1 AO 1 IS A 3 • R9 J 23 J ,67 3 M 1 n . A 3 0

0 ) 1 H .79 1 I 2 62 R5 • 36 1 Rnn.M? H172.SR 0

9 1 2 7 .72 20 1 1 UH St .7“ 75om .54 5376.3 1 0

9 1 3 2 . 1 3 RS b 1 ao. no 1099.P9 77 2R . 7H 0

9 1 *♦ 1 5 1 .MB 75 I Sfl •> 3 • 1 1 M239.09 5511.71 1

‘7 15 9 1 • 1 3 232 6R ? o . 3 1 3519.AQ no? 7♦9b 0

9 1 6 5 *2S 30H 7U0 A 5.79 591.05 1777.67 2

0 ! 7 1 7 2kSH 25M 65 75.59 P3T7.30 11191.79 0

giR 1 .02 59 52 R 9 • ) M 213.5* 1 9*R.57 0

J 1 9 » 2 2.19 R90 1*3 •>n .56 1770.53 777«.R7 2

970 0 .00 0 0 -on . nn • no n

9 7 1 0 .00 0 0 • co .On ■ on 0

972 0 .00 0 0 • no • Do • nn 0

023 0 . 00 0 0 • no .no • nn 0

97R 0 .00 0 0 • no .on . on 0

075 0 .00 0 0 • on • on .on 0

0 ( ?<-1 0 .00 0 0 . nn ,nn . no 0

0 < 77 t 0 .00 0 0 ■ no • On . nn 0

W 1 7* ) 0 .00 0 0 .pn .on ♦ nn n

0 ( 79) 0 .no u 0 • on .On . nn 0

0 < if) ) n .00 0 0 . nn . nn . nti 0

03 1 2 . 1 3 1 92 1 2M A U . 59 MOS. is i 19 «• n a 0

032 1 .02 93 76 p 3 . R 7 1 o 3 . M M 1 1 9V . 33 n

0 3 3 1 .03 R V 75 PM.27 210.?) 1 M 6 3 » 5 n 0

Q3M 1 .00 6N 6M 1rc•nn .Qn • no 0

035 1 .02 90 72 p o. no 1 *7.St 912.61 0

036 7 . t 1 167 1 1 H *9.26 MAA .09 1 H 7 » . / 7 0

1 y M . RS 7R 7 6 1 7 1.75 7117.51 770*.1n 2

•4 ' •» 1 . ?« 7 2 1 ’ l n u o » 3 ' 9 n 1 , A » * 7 A 1 e ■» fl 1

175



03^ 2 « 1 6 ! 7«< 9.6 56 ♦ 32 6«2.os ! M 6 9 . V A 0

0*0 3 - 70 29R 70 23-A! 1 710.R! 27*5•*M 2

Q* 1 2 . 1 7 ! 92 1 1 9 A | ♦ 9R RSI.*! 1 1 R 7.2 A 0

0*2 6 1 • 33 3 I 6 9 1 1 ?.Q7 3017.A9 3 q 9 n , 5 9 3

0*3 2 .09 161 1 0 1 AA.A9 RIM.*! 1 253.0? 0

G* H 7 3.6! 337 0 • 00 77 1 * . 1M 77 I A. 1M 3

0*6 6 2 • N6 327 11 3*36 59 1 1 .9M 5600.33 2

0*6 5 .63 61 7 230 9 M • N 9 73P. 1« 1 329.76 2

0* 7 R 3. *8 3H3 2 • Sfl «3M M•73 R393.A7 2

Q*fl 2 .06 1 23 93 75.61 3*3.46 1*08.13 0

0«*7 9 • R? I 1 35 5 1 H U5.29 SA«.23 !031•24 0

OSO 0 .00 0 0 .00 -on , nn 0

(J=.l 0 .00 0 0 • on . on .00 0

QS2 0 . 00 0 0 .00 . on . nn 0

0=. 3 0 .00 0 0 .00 .on .no 0

OS4* 0 .OU 0 0 e ,■» r .on .00 0

GS5 0 .00 0 0 .00 .00 .no 0

0 ( 6* ? 0 .00 0 0 . .no .on .no 0

u < 6 7 ) 0 .00 0 0 • on .on .no 0

9 < SR) 0 .00 0 0 .00 .on . nn 0

0 ( C, V ) 0 .no 0 0 ♦ on .on . no 0

0 ( AO ) 0 • oO 0 0 • on .on .ng 0

0 < 6 1 ) 0 .00 0 0 .00 .00 • on 0

Q » 0 .00 0 0 • no ♦ on . no 0

0 f A 1 ) T) .00 0 0 .00 .on • no 0

9 1 6M ) 0 .00 0 0 .00 -On . nn 0

U ( * S 1 0 .00 0 0 .GO • on . 00 n

<, ( * K ‘ 0 .00 0 0 .no .00 . no 0

9 t A 7 ) 0 .00 0 0 • no . on . no 0

Q ( A ) 0 .00 0 0 • 00 • on . nn 0

0 t A V t 0 .00 0 0 • on .on . nn 0

0 » ? n» * 0 . nu 0 0 .on • on . nn 0

Q t 7 1 ) 0 .no 0 0 • no • no .on 0

0 < 7? > 0 f OU 0 0 • on .on • on 0

y < 73> 0 *00 0 n .00 • on .00 0

9 ( 7* ) • 0 .00 0 0 ■ on .on ■ no n

0 ( 76 1 0 .00 0 0 .00 .nn .no 0

0 7 4- 1 .OU 3*06 3MUA 1 nn.on . nn . nn 0

077 f .OU 7*66 2*65 J no.00 .on .ng 0

0 t 7 « ) 0 . 00 0 0 . nn .on . nn 0

Q ( 79 ) 0 .00 0 0 .00 .on .00 0

0 < PO > 0 .00 0 0 • on .□n • nn 0

Q 1 p 1 1 0 .00 0 0 • on . nn . nn n

Q < e? > 0 .00 0 0 • no ♦ nn • on n

o r ° 3 > 0 ,90 0 0 • no .O'-* • on n

Q < ®H > n .no n 0 • on . On , nn 0

9 C RS * 0 ♦ 00 0 0 .nn .on . nn 0

Q»6 6 . 1 9 APA2 3960 R7.6A 19.51 *6.96 0

OH 7 N .09 *96/ 3*75 *9.96 12.95 *3-13 0

9 t P8 ) 0 .00 0 0 • no • on . no 0

9 f R9 ) 0 .no 0 0 • rn ♦ on . on 0

9 ( *0 ) 0 .00 0 0 .on • On .00 0

1 3 • 0! «11 e 3P89 o u . u u .*7 | A . 5 7 0

0*2 1 .no 2706 2A3* 9 7.67 . 3* 13.77 0

0*3 2 .no 3 7Hb 35 7 9 QR . <* 3 .6* I • . 2 I 0

a** 1 .no 1 1 70 1 1 69 o q • n * . 1 2 t 3 , nn 0

0*6 0 .00 0 0 -on .no ..no 0

9*6 0 .00 0 n .on .Of* . nn 0

0*7 0 .no 0 0 .00 • On e nn 0

Q9R 0 .00 0 0 • on . nn ♦ no 0

g * v 0 ♦ 00 0 0 .on ♦ on . nn 0 176



M0H-9F!CWTFD NDN-*F1GMTFO NOM-flFlGMTFO MON-WEI /XMTEh WF1GHTE0 WFrGRTfn WETGMTro WFTGHTFn

NA**F NA. OF fNTPTES StJM OF APGUMENTS mean argument 5Tn. OrV. NO. nr FNTPIFS SUM OF ARGUMFl/TS MEAN ARGUMENT STD- OF V

T I 713 35903.3000 j6R.0A9 59 .OAR 713 358n3.nnn0 1 *8.089 59 • 089

T? 107 16327.0000 152.589 *9,703 107 1*377.nnno 152.589 99 . 783

T 1 106 I 9207.0000 181.198 A #3 . PO9 1 06 19707.nnno 181.198 68 .899

T N 79 I 1719.0000 15! .608 « 3 . A P A 79 11219.none 1 51.608 93 .886

| 1 02 1612R.0000 158.118 •9A.2C.O 102 1 a 17R.nnnn I 58. 1 1 A 56 . 759

r * )92 37R03.0000 I 7Q.H99 65.996 1 9? 32803.nnno 170.899 *5 .996

T 7 330 AA.390.0000 170.777 59.R39 330 56390,0000 170.777 59 .839

rp ?99 97236.0000 169.672 63.179 799 92236.0000 1 69.622 63 . 1 79

T9 700 39607.0000 1 73.010 55.573 700 39602.0000 173.010 55 ■ 533

Tin 372 979Hq.0000 19 A .879 91 •311 322 97999.0000 198.899 9 1 • 33!

T 1 1 7 1 0 33913.0000 159,! io Af). HA 1 710 33913.0000 159.110 60 .961

1 I 2 360 531RG.0000 197,736 9?.Onn 3*0 S3 I as.nnno ■ 197.736 92 • noo

T ! 3 1 AR 25929.0000 159.339 99. Ren 1 68 25979.0000 159.339 99 .850

T 1 M 390 63R 1 n .0000 163.626 52.7P5 390 63819.0000 163.626 52 .785

rib 379 6369o;oo00 167.916 57.7)9 379 6369Q.OOOO 1 6,7.9 1 6 57 .719

T 1 6 SAS 99A97,0000 153.378 HR.170 585 89697.0000 153.378 HA • 1 70

T 1 7 396 6217z.0000 157,010 59.7R« 396 6?176.nnno 157.010 59 .788

T 1 R I 39 21516.0000 1 6Q.567 50.077 1 39 2151*.noon 1 60.567 sn .077

T ! 9 1 3S2 223059,0000 | 6 9 • 9 A 9 5 3 . A 9 9 I 35 2 723058.OOP0 | * M . 9 R H 53 . 899

r t 70 > 0 .0000 .000 . Ono 0 ,0000 • DOO • non
T ( 71 ) 0 .0000 ■ 000 . onn. 0 .0000 .non < non

r t 77 ) 0 iOOOO .000 • onn 0 • onon . non .noo

T < 73 1 0 .0000 .000 • onn 0 .nnno . non • onn

T ( 79 1 0 .0000 .000 .onn 0 .nnno • non .000

T < 7S > 0 .0000 .000 • onn 0 . nnnn • non • non

f < 7**) 0 .0000 • uno • onn 0 • nnno • non • non

T ( 7 7 1 0 .0000 .000 .Qnn 0 • noon • non .non

T t 7 R ) 0 .0000 .000 • Onn 0 .nnno .onn • noo

I ( 70 ) c • oouo .000 . onn 0 . nnno . non • non

T < 30 > D .0000 .000 • onn 0 • nnno .non . onn

T 3 1 1 9 1 996310-0000 7596.176 1190-2*7 191 ha631n.nnno 7596.1?A 1 I 90 .797

T32 93 2? 1 796-0000 7379.577 1197.7A7 93 72 1 29*.nnno 7379.577 1 1 9? .26?

T 3 3 . * 09 21099,3.0000 7370.595 ! 1 70.5*0 89 2 1 n9R 3.nnnn 7370.595 1 1 70 .598

1 3N 69 1 3B507.0000 7168.099 95n.673 A* 1 38507.0000 2169.099 950 .673

1 IS 90 707765.0000 7797.389 PPH,20] 90 7022*5.0000 7797.389 8 85 • ?9 |

T 36 1 *6 9"17O37.r000 7602,607 ! 2GA.575 1 66 937037.0000 7*02.607 1 25* .525

T 17 7RS 1 21Z39q,0000 *759.019 2 1 0 3•70 y 785 1 217399.nnno 9759.019 7 r °3 • 789

T 33 772 639251.0000 7879.509 1557.06* 722 63R25 1 .nnno 2879.509 1557 .066

T 39 I 75 995519.0000 77 7 M . 399 1 3 09.67=. 1 75 9H5519.0000 2779.39e 1 309 .675

T HO 79 1 1090667.0000 3713.615 1 9«3•177 29 1 1 08n6*7.nnno 371 3.615 1 993 . 1 22

TH ! 19? 967157.0000 7933.in? 1 roc, , । a f 1 9? 9*7i57.onno 7*3 3. ? 09 1095 • 161

1 *? 1 1 3 1 6 3 R5H6 ■. 0000 5139.252 2*1c , 7 t 0 3 1 3 1 aop 5a 6.nnnn 51 39.75? 79 1 A . 2 ! 8

T«3 1 5 ! 36*633.0000 7*M 1 • 278 1085.6*1 151 3*8633.0000 299!,278 1085 .69 1

T U H 339 3309793-0000 99Q9 . * • 0 30Ou ,917 339 33f*9793 . nnno 9909.910 3089 .937

rn-> 175 ?«61637*0000 7579.252 32n),3!A 7 ?5 7**1617.0000 7 5 7 9.7.5 2 370 1 .3|6

1*6 SIH |95166 A - noon 7 A 2 9.2 5 7 179A.R«n 5 1 9 1 951668.0000 2879.757 1 798 . 890

T < 7 39 1 3609535.0000 10570.989 3315.837 3* 1 360*535.nnno 10570.989 3315 .837

THH 173 287519.0000 7337.5|7 9 9 u , q 7 7 123 ?r 7519.nnno ?337.5|? 999 .977

T w 9 1 I 37 3 1 3R5UB.DODO 273n.M3R 1213.7oy 1 137 31 0 9508.nnnn 2 7 3 0.9 1 p 1213 • 799

T < Sn » 0 .0000 .000 .OOH 0 .nnno ♦ non • onn

T t M ) 0 .0000 ,ono . Qnn 0 , nnnn .non .non

r c S7 ) 0 .0000 .GOO .Onn 0 . nnno .000 .noo

7 1 S 3 1 0 . noon . (J"0 • Onn 0 .nnnn . non . non

T I SM ) 0 .0000 • one .Qnn 0 .nnno .non .onn

r ( 0 .0000 .ono .onn 0 .nnno • non • onn

T ( S6 > 0 .0000 .nro • onn 0 .nnnn . non • onn

T I * 7> 0 .0000 .uno • onn n .nnno .non • ono

f ( 1 0 .0000 .000 .onn 0 • noon . non .non

T ( c O t 0 • noon . r)no • Onn n . nnnn . non ♦ nnn

T K • » . nr’-jn . ’rn . fin n , nnnn , non onn



of ui | M f »ir. r »f rt/r *#r r r s a®F »LI Zr»O

T * 1 1 7H 1*75751.0000 11212.0RR 7678.870 1 78 1 99575i.nnno 11212.089 7678.870

T A7 *>0 fiH1132•0000 97*2.578 5870.)17 90 881337.nnnn 9792.578 5879. | 17

T*3 63*2R1.00U0 9RA?. 1 ?9 5927.217 H5 r3R2=1.noon 9RA2.1?9 5927.717

f AM A | tHOpHbA.nooO 2 7 * 9 1 . C A 7 22nun,[cu A 1 1 9i*795A.nnnn 22=91.nfl? 27090.159

T *=. p 7 735ROR.0000 R«5R . 598 *4 6 . I U1 87 /3SR9R,nnnn a«5 n,59 = 9979.193

T A A 156 7 1 R7 335.0000 190?|.378 1 177 6.2 = 0 ISA 21=7335.nnnn 19071.378 1 1 7?A.789

7A7 7A9 3H5RR79.0000 !9 395•2 75 9 7 7 A • 2 a A 269 385RR79.nnnn 19395-275 9?7A. 766

TAR 7 1 I 233AR37.OOOO ! 1 n/q.o';? 9 ) 19.7 = 8 7 1 1 233AR37.nnnn 1 1075.057 9 1 19.7 = 5

T AV t A3 195t777.0000 1 19?0.AR7 7 Of! 2 • 9n 1 163 ivsi2?2.nnno 1 1970.AR7 7902.901

r 70 7 7 7 3 1 »< AR.19.0000 1 ! 3A7.A50 7j29.6n? 2 7 7 3 1 y R8 39. nnno- 1 1 367.650 7129.AO?

r 71 1 79 1 7999 77.OCOO I 0055•70* 6707.1 =^7 I 79 1799977.nnno 1 0055.70* 6202.152

T 7? 7<»0 p 1 C1 3« 7.nooo 1 « 1 97. / I 9 7753.6=0 790 Mini 387.nnnn 1 M 1 R2.719 7 75 1.689

T 7 3 | u u 1 9 75 703.0000 10797.937 6 A ? 3 , A = 1 19 9 1 975703.nnnn 10797.937 AA?3•AR I

1 7M 3 1 5 A9VA 1 HA .nooo 72710.119 1 1 37?.?oo 3 1 5 6WA 1 ”6.nnnn 27710.11« ! ! 3 72.798

T 7S 1 1 3 st>ROfS5o.noon !7029.552 H-'RI .31A 3 1 3 5SR0650.nnnn 17829,557 8751.336

T 7A M 7 3 R771I3?.0000 1 0 -.t 9 a . V 6 0 6 v 'v n . 3 0 a 9 73 M/71132.nnnn 100=6.960 6998.389

r 7 7 3 1 5 R2R3?S«.000n 2629&.099 19630-270 3 1 S R2H325M.nnnn 26796.099 J 96 30.279

r 7R 1 1 6 990795.0000 P5R0»9D5 6717.953 1 J 6 990795.nnnn 8590.905 *7|7.«SJ

T 7 V 1070 1 2035.038 8058•9!5 1070 1 2035.03 = 8058.915

T t °n 1 0 . nooo .000 • Qnn n • nnnn . non • non

T o 1 S *1 <1 R 733339|.0009 A/A.7 38 77909.070 3 9 9 R 2333391.nnno 676.73= 279=9.070

T *» 7 M 797 73 3 3 R5A.noUO RH? .03? 23 31 7.7 9 A 9792 2333856.nnno 987.037 733|7.796

T v P r 3«aR RAR 7.0000 2.519 1 . P 0 U 399fl 8687, nnno Z.Sl* 1 • = 8 9

C T T* 3 <» u R 95903.HOOD 13-168 5.397 3 = 98 95903.nnno 13.168 5.397

T ( «S 1 0 .0000 . 0nfJ . onn 0 . nnnn . nno • non

T t ° A ) n .0000 .000 . Qnn 0 .nnno • onn .non

r I t* 7 : 0 . nooo . 000 . non n • nnno • non , nqn

T r out a • nooo . uno . onn 0 .nnno • nno • non

r < «'# > n .nooo . uoo -onn 0 • nnno • non . onn

T : on) 0 .0000 • Uno • onn n . nnnn • non .non

T { O * » 0 .0090 .000 • onn 0 .nnno • non .non

T { *>7 > 0 .0000 • uno • Qnn 0 • nnno .non .non

T (.•_ o 3 > 0 .0000 .000 . Onr . 0 . nnno . one • non

•T ( Om । 0 .0000 • uno • Onn n .nnnn • onn .non

T ( ) 0 .0000 .000 • non 0 . nnnn . non , nno
T < oa ) 0 .0000 .000 • onn 0 , pnon .nno . non
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