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PREFACE

Definitions
A common understanding of terms between the writer and the
reader 1s 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 solve a problen.
2. Hardware System - A computer and its immediate, local
peripheral ecuipment.
3. Scftware System - A logical group of computer instruc-.
tions (and associated information required to execute the
instructiocns) that perform a particulzar function for the
computing syﬁtem.> For example, one software svstem might
be the instr-:ctions that manage ons 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 scftware systems.
5. Information Set - All the information stored in the data
management facility for update/retrieval by the computing
system. The information set is compoged of one or more

data base.

iv
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€. Data Base - That portion of the information set for a
computing system that is stored in and contreclled by a
single data management facility.
7. Centralized Data Base System = A computing system where-
in the entire information set used by the computing systen
is stored in, and controlled by, a single data management
facility. Other components of the compuzing 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 multiple, separate data management
facilities. Other components of the ccmputing system must
access the information set through the data managewent
facility controlling the required portion of the informa-
tion set.
9. Communication Line - Any physical means of transmitting
data among maltiple hardware systems, such as public telie-
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 requivad

to access and retrieve information from the information set.
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12. Queue Time - The amount of time spent waliting for some-
fhing required, which is not currently available.

13. Process Time - The amount of time spent in acting upcn
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 tc give some insight into possible designs for those
systems. - In particular, the question that will be addressed
is the effectiveness cf distributed data base systems 3s
opposed to centralized data base systems, and the applica-
bility of the distributed systems to the solutions cf 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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1. INTRODUCTION



INTRODUCTION
Research Theme

The objective of this thesis is to identify hardware
configurations applicakle 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 fcr the application system often are
vague. Data management regquirements for the application
system are often underestimated.

It is the purpose of this thesis to explore hardwara

configurations for larce-scale data base systems, and to

attempt to givé scme insight into possible designs fcr 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 cocn-

mon computing problems.



INTRODUCTION
Research Objective
Hardware configuration is an important aspect of the design

of large-scale data base systems. This thesis makes use of
& case study to researxrch 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 functiocnal configuration provides better
support for the given application system.

There are many facets to this guestion. For exampie,
load balancing and/or multiprocessing might be viable .
alternatives for a computer netwcrk configuration. However,
it is beyond the scope of this thesis to completely address
all facets of this question. Therefore, the fcllcwing 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 prerformance/cost/
reliability standpoint than a centralized data base system?

Many ditferent configurations have been documented in
the trade literature, each with their respective advantages
and disadvantages. Thic study will help in the evaluation
of various hardware configurations possible to support

large-scale terminal/datz bhase spplicaticn systems, in



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 currentiy 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 con 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 applicaticns. Chapter 5
further discusses line configurations for the case study.

An abund=snce of information is available wifhin data
processing i-.dustry 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 heterogencus). 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



retrieval of large amounts of data from the computing
system as well as the computational resources reguired to
proccess 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-%roblem is exten-
sive. Very little informaticn 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
suppcrt 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 pbe Jefined 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.



2. MAJOR CONFIGURATIONS STUDIED



MAJCR CONFIGURATIONS STUDIED
Introduction

fajor 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 +o TUCC.



MAJOR CONFIGURATIONS STUDIED
The Advanced Research Projects Agency Network (1)

The ARPA network is 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 inﬁer—
connecting sponsored research centers. Its key gcals 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 comn-
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 akbout 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
intce the original message before transmission to the desti-

natroa hoot. In addition, the IMPS govern routing of



mescages through the network to increase network utilization
and minimize transit time of the message. -

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
repregsentatives. In addition, Bolt, Beranck, and Newman
(BBN) is charged with maintenance of the communications

section of the network.
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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 $/360s do local batch jobs in addition
te handling the telecommunications reguired by the network.

The network uses off-the-shelf hardware with minimal
extensions to 0S/360. The three noaes are connected to the
ééntral 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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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 classigied 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 nessages 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, demodulaticn, information coding. multiplexing,
and concentraticn. Modulaticn and demodulaticn 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 messaées 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
rmultiplexor does nct 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 controiler may perforia many of

these functions.



The cemmunications nodes are the hardware devices (and
associated software) connécted to the network through the
communications controller. A node may consist of cne or
mcre devices such as the foliowing:

1. a batch or interactive terminal

2. other data entry devices (perhaps radar input)

3. data management facilities and their associatea

data bases

4. applications processors

5. the network control processor

6. any combination of the above.

A number of other considerations are appropriate befcre

irplementing a network: half- or full-duplex lines,
parallel or s=rial transmission, synchronous or asynchro-
nous transmission, message structure, and network protocol.
BEach of these affect the hardware organization.

The netvork controller is a software component of a
computer netiork. 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.

-
(@2}



Depending upon the actual hardware used in a computer
netwdrk, 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 DESCRIFTION

Acknowledgment

The author attended an intense class entitled
"Pesigning Communication Systems" at the Systems Science
Institute (SSI) in Lecs Angeles, California during Octcber-
November, 1973. The purpose of this class was to study
the design of éommunications lines for communication net-
" works from a cost/performance standpoint, through use of
statistical analysis, simulation mcdels (GPSS), and
mathematical (APL) analysis models.

It is not the purpose of this thesic 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 demcnstrates
network design principles. With some modification, this
case study also provides a realistic basis for a discussion
of distributed data bases, and its associated digtributed
processing. The rest of Chapter 4 defines the case study,

as modified for distributed processing.



CASE STUDY DESCRIPTION

The IPL Company

Interstate Power and Light Company is 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
custoners.

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 #07 and 1401 to the
presently inctalled 360/30 tape/disk system.  The primary
application has always been customer accounting. However,
other applicctions have been installed and currently one of
the partitions of the Model 30 is devoted to work other than
customrsr 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 doae now is to design and
procure the computing system necezsary for successful

implementation of the applicatioen.
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CASE STUDY DESCRII'TION

Installed Hardware

1. Central location (two-shift operation)

=8N

Computer system:
System/360 Model 30 - 64K
with decimal arithmetic, interval timer,
storage protect, one seiector 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
Other devices:
16 - 029 keypunches
4 - 059 verifiers
2 - 082 sorters
1 - 088 collator
Total rental cost of installed hardware is
approximately $12,000 per nmomnth.
The Model 30 system is operating under DOS multi-
programming with a 16K supervisor, a 30K background

partition, and an 18K foreground vartition.

2. Remote locations ~ none.
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CASE STUDY DESCRIPTION

Personnel Requirements

1.

3.

Customer service personnel - 86 current total.

a-

b‘

Local offices - one person per three thousand
customer accounts. Each office has the requirement
for a minimum of three pecple. -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.

Average salary of clerical people 1s $450./menth. -

Data processing personnel (27)

a. DP manager (1) - $1,600/month.
b. Precoramming suparvisor (1) - $1,300/month.
Procrammers (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 operatcr (11) - $500/month.
Clerks (5) - $450/month.
The prime shift personnel work 8:00 - 5:00, and second
shift personnel 11:060 -~ 8:00, which provides twelve

hours of systems tima2 per day.



16.
17.
18.

19.

Office locations and number of accounts and personnel:

% of No. of of
Office Total Accounts Clerks
Name Accounts Now 5 yrs. Now 5 yrs.
Albuquerque, NM .031 8000 11012 3 4
Boise, ID .015 4000 5506 1 2
Flagstaff, AZ .015 4000 5506 1 2
Fresno, CA" .015 4ooo 5506 1 2
Helena, MT .015 4000 5506 1 2
Las Vegas, NV .027 7000 9636 2 3
Orange County, CA .061 16000 22024 5 7
Pasadena, CA .042 11000 15142 4 5
Phoenix, AZ .031 8000 11012 3 L
Pertland, OR .054 14000 19271 5 6
Reno, NV .034 9000 12389 3 4
Sacramento, CA  .061 16000 22024 5 7
Salt Lake City, UT .027 7000 9636 2 3
San Diego, CA .G73 19000 26154 6 9
San Fernando, CA .0€9 18000 24778 6 8
San Francisco, CA .088 23000 31660 8 11
Seattle, WA .069 18000 24778 6 8
Spokane, WA .023 6000 8259 2 3
Los Angeles, CA .250 65000 89475 22 30

1.000 261000 359274 86 120
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CASE STUDY DESCRIPTION

Current Customer Accountihg Application

IPL uses a more or 1ess_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 éf 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 macde to the local office nearest to which the
customer lives. Management would prefer to have deposits
made to local banks to maintain a local community relatiocn-
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 to:m code. The next seven digits are meter num-
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 regquests 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
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cash journal is alsc prepared for off-cycle accounts (those
accounts not being billed today; however, payments have been
received and are leing posted). This provides the informa-
tion reguired when a customer comes to pay but has no
remittance slip. The time required to f£ind the bill is
between two and five minutes.

The accounts receivable register is é&so 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 infermation., Because cf the volumes of paper invslved,
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
naster file. These are all included in the batch system.

Each locel 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 Request After Request
is 3erviced 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 DESCRIFTION

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 meore 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 feor the current and twelve
previous months).

2. Immediate access to the customer's current
accounts receivable file.

3. On-lline entry cf information concerning the
initiation and termination of service for
any given customer.

4, Decreased time lag in entering cash payments

into the system,

(9]

Retrieval of the customer's basic record by
account number, nome, or service address
{see transaction information).

6. The system will have to accommcdate 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 cle;%s 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 lenath includes two fields for
money transactions througnout the billing cycle. More
than two such entriss, or various other conditions, cause

the creation of trailer records.



The content of the customer basic reccrd is:

Field -
Account Number
Billing Cycle
Branch Office
Meter Number
Tenant Number
Record Code
Service Address
Name
Personal Data
Date of Turn On/Off
Credit Rating
Service Code
Due Date
Account Balan:ce
Arrearec
Deposit
Payment Date
Current Usage
History Usage

Last Meter Reading

Bytes

12

2

25

22

1

5

TXEe
P

Print

Length
15

25

22

154 bytes of purely application-oriented data, maintenance

information, etc.,

300 bytes.



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 trailer 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 recozds.

As indicated, the trailer records can be cenerated by
more than two money transactions per bhilling period, or bv
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 reguired
to be stored averages 150 bytes per trailer and varies from
50 tc 225 bytes.

Transaction Tvpe 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 te a given location by the percent of

the active accounts at that location. Assume alsc 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;

a person

doesn't go into a branch cffice tc ask multiple questions.

Transaction types and volumes -- expressed as a per-

centage of total active accounts:

Transaction Type

Collect - Pcst Cash
Ingquiry - A/R Balance

(pay or no-pay)

-Inquiry - History

Update - Turn On
Update - Turn Off

Update - Billing Adjustment

Frequency - %

100.0



Transaction Information

Transaction Type

Input Data
(Frec.%)

1. Post Cash - Single

2. Induiry - A/R
Balance - Pay

- and -
3. Inquiry - A/R

Balance - No Pay

Transaction ID
Account Number
Payment Amount
Operator ID )

Transaction ID

Account No. (25%)

or Name (50%)
or Service Addr

(25%)
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Output Data

Received Payment

Acknowledgment

Other two items of

identifying data

Service code
Bill, Amount
- Past due

(arrears)
- Amount
- Taxes

Total

Billing date
Current usage
Previous meter
reading
Current meter

reading
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Transaction Type

Input Data
(Freq.%)

Inquiry - History

Transaction ID
Account No.
(75%)

or Name (15%)
or Service

address (10%)

Output Data

Other two items
identifying data

Billing date

Current bill

amount

Past due
(arrears)

- Amount

- Taxes

- Total
Past History - 13
months

- Service code

- Usage

- Annual rate

(month * 12)



Transaction Type

Turn On

Turn Off

- Input Data

(Freq.¥%)

Transaction ID

Service Addr.

¥ PHEN*

Name

Prior Address

Deposit Amount

Transaction ID

Account Numbetr
(25%)

or Name (50%)

or Service

addr. (25%)

*THEN*
Turn off date
Refund Mailing

address
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Output Data

Account Number

Turn-cff date

Turn-off reading
*THEN*

Cash receipt

acknowledgment

Other two items
identifying data
Billing date

Current pill amt.

Past due
(arrears)
- Amount

- Taxes

Total
*THEN*
Turn off

acknowledgment



Transaction Type

Billing Adjustment

Post Cash - Batch

Input Data
(Freq.%)

Transaction ID

Account No.
{25%)

or Name (50%)

or Service

addr. (25%)

#THEN*
Authorizatioﬂ
Debit/credit

code
Adjustment

amount
Transaction ID
Operator ID
Batch total amt.
Batch item count

HPETEN*

Locount o,
Payment

.

Output Data

Cther two items
identifying data

Current bill amt.

Past due

(arxrears)

Amount

Taxes

Total
*¥THEN*
Adjustment

acknowledgment

Batch entry

acknowliedgment

*THEN*
Payment received

acknowledgment



CASE STUDY DESCRIPTION

Application Statistics

LI 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
addreés of his local branch office. He is requested
to make his payment there. Seventy percent of the
people mail their paymeﬁt; the remaining 30%
actually walk-in to their office to pay their bill.

C. Remittance slip statistics:

Pay with Pay without Total

Remittance Remittance

Slip Slip o
Mail Payment .595 105 .70
Walk-ins .255 .Qu5* .30
Total .850 . 150 1.0

D. There are two reasons for inguiries on account
balances:
1. someone who wants to pay has walked intec the
office but deesn't have the remittance siip.
2. someone who calls or walks into the oiffice
but does not pay.

Inquiries are broken down as follows:



37

Inquiries and

Pay .045%*
Not Pay .062
L107*%

*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
mescsage length (input and output).
IIT. CPU Procz:ss 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/0C set-up

but no disk or other I/0 device time.



D. Processing time by transaction type:

Transaction Type

Transmission No.

Post Cash - Single

A/R Inquiry

A/R Inquiry

History Inquiry

Turn On

Turn Off

Adjustment

In

Out

In

Out

In

Out

In

Out

In

Out

In

Out

In

Out

In

Out

In

Cut

In

out

1

1

3%

CPU Time

&0
50
80
50
80
50
80
95
80
50
50
50
80

50

50
80
50
50

50
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The following multipliers may be used to compute
processing times for cother 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/3560 M30 1.0
S/370 M135 .7

S/370 M145 .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 sclution
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 auait is an informal, highly
technical review and justification of the system design (ér,
in this case, solution of the case study). The audit must
include, but is not limited to; the feollowing:

1. Central hardware selection and configuration.

2. Terminal selection.

3. Mescsage formats.

4., Linec configuration design.

5. B8ystem operation.

6. Opzrating and communication systems software

selection.

~.1

System control and backup procedures.

-~
»

8. Data bhase Cesion.

D

. Detailed implementation (and conversion) plan

including perscanzl rajquirements.
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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.
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PROPOSED CASE STUDY CONFIGURATIONS
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PROPOSED CASE STUDY CORFIGURATIONS
Configuration Spectrum
Pefining a configuration spectrum provides the environment

for evaluating application requirements in relation to the
data base configuiation.

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 configqura-
tions are evident, the basic functional components are essen-
tially the seme, regardless of the actual hardware/software
that comprise each computing system. Therefore, it is
obvious that the distinctiocn to be made when evaluating each
configuration is not in the functional components as such,
but rather hcw these components are organized and configured
within each system. The configuration spectrum evolved as
a mechanism fcr providing computing system environment
alternatives against which a given applications requirements
could be evaluated. The spectium provides a method for re-
lating extremes in network configurations in terms of their

ability to support a given set of reguirements.
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In attempting to define the configuration spectrun,
consideration was given to the structure of ali 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 o?ganization 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 oprosite end of the spectrua is the distributed
processing or peer-level conficuration which allocates equal
functional responsibility to each node in the structure.

Appendix B discusses othar hardware configurations
prevalent in use today througliout the industry. These con-
figurations will not be included as proposed case shudy

configurations for the reasons stated in Appendix B.
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PROFOSED CASE STUDY CONFIGURATIONS
Total Function Concentration Through Centralized Processing
Centralized processing allows concentration of the data

communication and data base functions at cne point in the
configuration.

Centralized processing is a common network structure,
typically referred to as the master/slavé 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 cormputing system and any num-
ber of satellite host processors attached directly or
through a communication 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
fesponsibility of the central svstem. In this configuration,
the central system schedules work for the satellite host
processors. These processors perform all of the application
oriented functions, making usze of the data communicatiocn and
data base services of the central system as necessary. All
terminal data is routed to and frcm the appropriate host
processor(s) via the central syctem. The host processors

may be configured to irterface with a remote job entry {(RJE)

-t

data sovrce, but all of thece inputs must be routed to the

1t}

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 Mocel 145 and its associated compenents.
Appendix C shows the configuration in detail.

The processor is located in Los Angeles, Califexnia.
The dasta for each of fhe local offices is maintained on-line
in this system. The local offices are linked to the pro-
cessing center through leased telephcne lines. Remote

terminals are IBM 3270s and associated hardware.
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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 ndae 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 ccmmunication and data base functions
are directly associated with each host processor. The func-
tional elerments in this configuraticn include ccommuricaticns
controllers, end host processors with directly attached data
bases. The svstem of host processors are conrnected through
the communication controllers. These controllers provide
terminal and inter-host routing, line support, store-and-
forward capalh.lities, as well as other generalized cconununi-
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 availakle Irom each local data base; however,
there exists the capability to access the data base of another

host processocr 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 cornected 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 rangiﬁg from mini-
computers to IBM 360/91s. Originally, a research project
in resource sharing, the ARPA netwérk has expanded to include
nodes at many universities with commercial uses as a by-
product.

The distributed system for the casé study is ccaposed
of two IBM System/370 Model 1355; nd their asscciated
components, Appendix C shows the configuraticn of each in
detail.

The procassors are located in Los Angeles, Califcrnia,
the main office, and in San Francisco, Californrnia. Esach
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, ihe processing centers

are linked by a similar line.
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PROPOSED CASE STUDY CONFIGURATICNS
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 éecond. For the case study,
line traffic was not high enough to consider higher capacity.
more expensive lines.

The cost of lines was relavively constant for zll con-
figurations. Five lines would be reguired to support the
centralizeda system when operating with leased; half-duplex,
360 character per second lines using polled, released line
control techniques. The cost of this line configuration
would be $6027.50 per month (ATET Type 3002 - Tariff 260).

Increasing line speed to 606 characters per second
reduces reguirements to four lines. However, modem charges
increase and total line cost drops only slightly. Changing
to full-duplex at 300 characters per second reguires two
lines and full-duplex at 600 characters per seccnd requirec

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 ATET 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 tha
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 grcwth
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

Frcm: T0o: No. of Cost of
Terminals Link

——— ———

Albuquerque, NM Flagstaff, AZ 1 $542.52
Phoanix, 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 221.10
Orange County, CA Pasadena, CA 94.05
Pasadena, CA Los Angeles, CA 33.00
Portlard, OR Seattle, WA 333.30
Seattle, WA Spokane, WA L€8.60
Helena, MT Spokane, WA 520,58
Salt Lake City, UT Boise, ID 557.54
Speckane, WA Boise, ID 544,83
Boise, ID Reno, NV 506.05
Reno, NV Sacramento, CA 275.55
San Francisco, CA Sécramento, CA 195.69
Sacramento, CA Fresno, Ci 351.45
Presno, CA San Fernando, CA 399.30
Sfan ¥Fernando, CA Los Angeles, CA 66.00
Los Angeles, CA ¥*Los Angeles, CA 4 ___6.00

23 $6,390.36

*Data Processing Center
CENTRALIZED SYETEM LINE CONFIGURATION

Figure 5-3
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Line Configuration

From: To: No. of Cost of
Terminals Link

Portland, OR Seattle, WA 1 $332.30
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.C5
Reno, NV Sacramento, CA 1 275.55
Fresno, CA Sacramento, CA 1 351.45
Sacramento, CaA San Francisco, CA 1 195.69
San Francisco, CA *San Francisco, CA 2 §.00
Albuquerque, NM Flagstaff, AZ 1 542,52
Phoenix, A7 Flagstaff, AZ 1 295.35
Flagstaff, Al Las Vegas, NV 1 433.95
Las Vegas, Nv Pasadena, CA 1 452.10
San Diego, CA Oranyge County, CA 1 | 221.10
Orange Count, CA Pasadena, CA 1 94,05
Pasadena, CA Los Angeles, CA 1 33.00
San Fernando, CA Los Angelas, CA 1 66.00
Los Angeles, CA *1L,0s Angeles. CA 4 0.09
*San Francisco, CA  *Les angeles, CA 0 __640.7¢C

23 $6,632.36

*Data Processing Centex
Digtribute? Svstem 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 amcng all
users. The capabilities commonly expected of a computer
network include data sharing, program éharing, special
facilities gharing, and load shéring.

Data sharing provides data access for individual net-
work users rzgardless of data location within the network.
Depending up n the type of network invcolwved, data may be
concentrated in one comron data bace or distributed over a
number of local data bases. Therefore, gaining access to
this data could involve a single qguery to a local data base
or multiple yueries to data bases throughout the network.
However, with data sharing, ths network data relevent to a
specific user is available for his data preocessing needs.

Program sharing is similar to data gharing in the cense
that the individual usecer can utilize any of the network's
program resources without consideration of the program

location. The terminal 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
equipnent, hardcopy facilities, or special tape drives.

This sharing not only expands the scope of user processing
capability, but also cffers cost advantages, in that ex-
pensive special equipment is not duplicated within the
network. ﬂ

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 ncde. This type
of capability presents many problems to current network
technology, not the least of which includes the use of
heterogenous computers.

The network described in the case study, although
specialized for one particular company, provides cach 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 prOéessors could pass work
between themselves, but only if it did not involve the data
base, cr 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 homogencus processors have direct
access to the computing system's data management facility,

a pure form o load sharing is possible. Any item of work
from an overlnaded processor may be passed to a processor
with idle resg urces, 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 ard fcrth between
the two processors, depending upon the dynamics of the

system. (5)

ree
Al
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PERFORMANCE CCMPARISON
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 perform;nce 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 ti2 use of an interactive terminal. In this
particular czse, 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 iine transmission times to and
from a CPU and some processing time. However, the process
can be much more complicsted. The terminal response may
necessitate ore or mors accesses to a data base located
peripherally te the applicaticon CPU, or in another CPU. In

addition, individual transactions must compete with other
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transactiocns for use of éhese 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
hasis for comparing the configurations for efficiency and

growth capacity.
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PERFORMANCE CCMPARISON
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 loess to
do than the centralized processor, causing smaller cueue
tirmes for the distributed CPUs. This can balance out the
longer process times in the distributed configuration.

Average CPU gqueue time in the centralized configuration
is .24 seconds. In the distributed configuration, CPU gueue
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, tie only effect upon the local office
is caused by differences in LIFO, or terminal response time.
The small difference in LIFO tim2 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 £he centralized configuration, line utilization is 18%,
plus 5.5% for the terminals in Los Angeles, or a total of
23.5%. For the distributed conficuration, line utilization
for line cne (Los Angeles) is 8%, plus 5% for the terminels
in Los Angeles, or a total of 13%. Line two utilization is
7% plus 2% fcr the terminals in San Prancisco, 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 46G-50%. A model execution shows
that this configuration still meets design response goals.
However, 50% is approaching ihe range (50 -~ 60%) where ser-
vice time increases exponentially as line utilization in-
creases. Thus, a small underestimaticn of line traffic or

of message size, or both, could cause unacceptable resgonse



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 deésign 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, 3C0~character-per-second line speeds cannot
be recommended for the centralized configuration, but are
recommended for the distributed éonfiguration. Lowering the
line spead will decrease both cost and line transmission

errors for the distributed configuration.

CPU Utilization

The CPU utilizations for the two configurations are gquite
different. The centralized configuraticn {£/370 M145) 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 cowpare the
CPU left available fcr othef processing above what the case
study requires. For the centralized configuration, this is

100 ~ 53 = U7% available (M145).

*Actual model executior rosults.



For the disilributzd configuratlon, this 1is

(100=-42) + (100-31) = 537 + 697 availuble (XM135),
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7o make a direct
58 % 5/7 = 41,075 (M145)

69 * 5/7
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91.9,7 (w145)
Tnat 13, the distridated confizuration leaves 9175 of 2 Lodel
145's processing power availasle, Thils 1s twice waat is

eviilianle in the centrilized cconfiguration,

Tnerefore, the distributed configuration reguirss con-

gldera®bly lecz of the total rsrocescing cawnzsility of tae
¢oraouting sycten than the centralizel confizuratlion to fro-
vile eguival:=nt terminzl recponce tines.
Zaha lznaoee onl Focllit UYtilisstion

Datu ma:avenent facllity utilization wus 6,47 for tae
cartralisel oanfisoration, For the diztributad coniicvialion,

=les and 3an Fruneisco,

resyectivel;. [hz averace response tiwe for the duti nzve-e-
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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 andJ145 are shown in Appendix C. .

All costs quoted in this section are derived from the
IBM Consulfants Manual, and reflect normal monthly rental
rates, with no discounts for long-term leases or any other
discounts. It should be realized, therefcore, that costs
guoted in this section may be higher than actual lezse
rates. No obligation is expressed cor implied on the parct
of IBM for correctness or completeness of these quoted
configurations and cocsts.

The S/370 Model 135, as configured in Appendix C,
Figure C-1, leases for $21,021 per montn.

The S/370 Model 145, as conficured in Appendix 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/0 eguip-

ment on each prccessor. Therefore, the distributed
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configurations contain twice as many disk and tape drives as
the centralized system. AThis 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.
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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-L4, was calculated
using ATET 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 cf terminals and mcdems is inﬁluded as paxh of line
costs.

Total line cost for the centralized system is $18,724.95
per month. Total line cost of the distributed system is
$18,955.36 p2r month. Figure 7--1 breaks down the total cost

for each configuration.



Line Cost

Centralized Configuration

Cost of lines

C-2 conditioning

Cost of terminals

Service terminal charge
Additional service terminal charge

Data set charge

Distributed Configuration

Cost of lines

C-2 conditioning

Cost of terminals
Service terminal charge

Data set charge

Line Costs

Figure 7-1

$ 6,390.96
532.00
9,885.00
291.00
11.00
1,615.00

$18,724.36

$ 6,632.36
532.00
%,885.00
281.00

1,615.00

$18,255.36

69
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Co5T COMPARISON

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 pedple required in five years.
Actual cost may be lower or hicher, depending on actual
personnel growth rate, and cost of salary increases over
the five-year pericd.

The mininwum number of customer service personnel to
still meet s stem reguiremenits was determined through the
GPSS model b7 decreasing thne number of clerks at each office
until requir:ments were not met at each respective office,
or until clerk utilization at that cfifice rose akbove 70%.
This number of clerks is then the mininum reguired to sup-
port response time reguirements. Note that the output in
Appendix E shows clerk utilization higher than 70% because
the model at this point simulates ecnline customer accountin?
of mail-in payments. This simulates the real-life situaticn

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



a payment, causing the customer to wait meomentarily.

The minimal number of clerks required to support re-
sponse time requirements in five years is 93. However,
to account for vacation, illness, and othexr 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 cperators (3) ~ $500/month.

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

Data processing personnel for the centralized systen
total 16, anc total salary is $13,G00 per month.

Distribuiled system - Perscnnel reguirements will re-

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

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

b. Operations Supzrvisors (2} -~ $1,000/month.
¢. 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) - $L450/month.

71
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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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CCST 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 M145 two S/370 M135
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 Sunmary

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 o£ 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 ancther 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 systen.

' It is ob-ious that reliability is a crucial aspect of
hardware procurements. Contracts for hardware procurements
specify reliability as a requirement (althouch, unfortunate-
ly, sometimes Jjust as a éeneral 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 he 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

reriod of time withowt £ailure.
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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
tntil the system is repaired, but at least the customer
will ke able to make a withdrawal from his savings accéunt.

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 ke mailed
to each recgpective office on a wezkly Easis. Then, in the
event of computer failure, or loss of communicaticns cepa-
bility, the listing would be available to aid customer
sexrvices.

Larger compariecs might well consider duplexing their

wa

system. The Mission Control Center at the Johnson Svace

-

Center in Hcwaston, Texas, suprperted the Apoilo and Skylab

1
-

)

missions, and is a good exawnwvie of a large-scale systen,

¢
=

%)

Three Univac #94s for communications, £five IBM 250/75s fcor
application processing, and two CDC CYBER/73gc for data base
processing, were used. Within cach of the three classes;
all machines were switchable; any cne could bhe used for
support. Each machine was complete of itself (in its

class); no compcnents were shared with any other machin?
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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 260/75s 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 fhan 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 363/75,
which 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 drawbhack to duplexed syctems 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
seccnd 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 suppcrt of customer transactions
throughout the entire work day, without failure.

Compu+ing 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) ard communication line
reliability. The most reliable configuration is one where
failure of a node or a line affects communication between
the least nunber of operating nodes; o, the operable system
is not affec*ted without failure of a maximun number of lines
or nodes. Therefore, a reliable system is one in which there
are redundan - paths among all ncdes. Chviously, services
tied to a fa.ling node are not accessible, but the rest of
the computing 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 uvntil the line becomes

available. If the line fails con 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 suppcrt. 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 thg distributed system and put
mini processcre with their own data base cstorage 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 conuecting 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: the data for local offices normally
tied to the failed CPU still resides on the failed CPU.

This is a very difficulit problem, znd one that must be ad-

dressed before distributed data base systems will be an



81

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
throuch 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 permagent data base for a failed processor.
This arrangement is implemented in the Real Time Corputer
Complex at NASA's Johnson Space Center, with a 2314 Direct
Access Storage Facility that is switchable to any of the
five IBM S5/360 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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foafiguration Couwparimon
Caas study analysis shows that for eguivalent cost the

distributed conflzuration offers betier performancs and
better reliability than the centralized coniliguration,

Chapter 6;discu33$a the relatlve performaﬁc@ of the two
contiguraeticng, To susmarlze, tsrminal response, hLime away
from cusiewer, end cugtomer tims in branch office are equive
alent belween the two configurations, So, the dasiegn goal
of eguivalent externcl rsgporge times hetwsen the confige
urationy iz met,

However, internal CPU performance for the two conflig-
urations is different. The centrallized configuration uses

53% of s Systam 370 Model 145, while thwe distributed con-

-

figuration uses a total of 73% of a Syatem 370 MNodel 135,

The T73%Z 0¥ used in the dlatrilduted condlguration irona~
lates to 52%% of & Model 145, This lower percentoge utili-
zation,while only alightly lower than the centralizsd con-
figuraiion; is nost liksly d;e to smaller gueue timss in

ths distributed confliguraticn. 7 believe that a more detallied

model of CPU precess tiws, irecluding queue maintenance,

woule ghow a greater difference between the two configursaiions,
4 comparison of data management facility utilization and

rosponse times for a centralined versus a distributed comput~

#*Jsing the 5/7 ratic as Adsfiansd and used in the wodel.



ing eyetenm le 20 important zoal of this thesis, Ralative
performanca and comparative cost ¢f the two conligurations

18 the crucial aspect of the Jdeclsion 4o implesent one Hr the
other configursation.

Ar stated in Chapter &, the wnodel of the distrivuted
gconfiguration reported lower data management faclillity utile
1zation, and faster dzta management facility response tipes
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times; because of shorter queue tlmee, and also provides

§

greater provwth potential, in utilization, than the cential
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Chapter 7 dissuscses the relative coet of the two con-
figurations. The centrailzed configuration total cost is
§63,358,.95 per month., The distributed configuration total
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configuration a better alternative ithan the distributed
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can not necessarily be compared directly. Chapiler & discusses

dropping line sreed to Z00 characlers per sesond inatead



of 500 gharscters per second, At the lower specd, line

conditloning is not newessary, reducsing southly cqat by
$532 for the distributed senfiguration. Caaptsr 7 polints
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distributed configuration Is ihe saus as on the system in
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Tharefore, the distributed configuratiocn cozts .
32, 346,40 per month over the cost of the centralized égn-
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imately equivalent cost, the distributed configuration
offere better CFJ and data management faclility performance
thazn the contralized 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 configuratiop. 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.



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 queﬁe times in the CPU and
therefore cause longer LIFO response times.

Now the interesting part of the question is how do we
decrease queue time in the CPU, and thereby reduce LIFO
response time? The standard, obvigus answer, used many
times, is to get a bigger, faster, and mofe 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
configuratior. could provide more cost-effective processing
capabilities than one, or a few, large processors.

lowever, as in all trade-offs, the pendulum can swing
too far in the other directionf 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 meke 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 é;other CpU. Pro-
vision for this was made in the model, and the probability
of intercommunication occurring can be modified by changing
& 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 c¢f all network ccomponents 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 installied 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 éommercial_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 suifed to his problém
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 (40.8kbs)

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 locafed in universities,
research and data processing centers. Experimentaticn in
data communications, computer intefaction, cooperative re-
search, and distributed data bases are goals of the network
implementors. A particular objective is to provide various
departments of the French Administratidn access to multiple
data bases located in geographicélly 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. Messagyge addresses
can have variable formats, and messages are ncot deliveread in

sequence.
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APPENDIX A: OTHER MAJOR CONFIGURATIONS
Distributed Computer System (1)

The DCS network is a distributed, hetercgeneous 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-prograrmmable 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 receivér 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.
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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. Egch 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 destroved, an alternate path exists via another com-

munications controller.
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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 cémplement of devices, including two CDC €600s,
two CDC 7600s, énd eventually will include a CDC STAR. These
" machines opérate 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 duallDEC 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 crcss 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, 2all
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 tc attach a 370/145 to act as a communication
processor anc data base manager.

Since all machines on the netwcrk are similar, nrogram
and data intcrchange 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 centfal 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 mecdified
Varian 620 minicomputer with at least 8K words of memory.
Each Tymsat can handle up to 32 asynchroncus 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 263 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 sendiné Tymsat. If an error is detected,
the block is disregarded and not acknowledged by the receiv-
ing Tymsat. An unacknowledgéd 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 dé€sign. However,
they will not be included as proposed configurations for
the case study due to their similafity 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 configuratiocn in-
clude the large-scale data communication system connected
directly or through a communications controller interface
to the host processors. The data base(s) may be attached
directly to the host processors, and all application
oriented functions, includihg 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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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 configquration

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 6ne 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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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
Computef Complex. The front-end system réceives and pro—'
cesses terminal data, and then routes it to the host prc-
cessor where the data is processed and stored on the back~-
end data base system.

Variaticns 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 configd;ations 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 exberiment, 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 Proceséiﬁg 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 |
1442 Card Read - Punch
Integratad Printer Adapter
1403-N1 Printer
1416 Trein Cartridge
Disk Files
Integrated File Adepter
3333 Disk Storage and Control

3330 Disk Storage



Magnetic Tape
3803 Tape Control
3420 Mag Taée Unit
Communications |
Integrated Communication Adapters

Synchronous Data Adapter Type Il
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3277
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3135 )
3046 Processor (I)
=D~ Pwr.
@ Unit 1403
M N1
IPA Printer
Byte Mux
ICA
Ssc1
3803 (four) 3272 L
Tape 3420 Coptro
Cntl. Tape Unit
o7z || Syneh
Modem Adapter
Up to 3272 4872 Modems
four Cntrl. 4872 __n___fz———%>at all other
3277 Unit Modem local
bsply. offices
3286
Prntr.

System/370 Model 135 Configuration
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Figure C-1

3286
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System/370 Model 145

3145 Processing Unit (Model J2)

3047 Power Unit

Special Features

Clock Comparator and CPU Timer

Channels ‘ .

Same as M135
Console Functions

Same as M135
I/0 Units

1442 Card Read - Punch

3811 Printer Controller Unit

3211 Printer

3216 Interchangeable Train Cartridge
Disk Files

Integrated Stcrage Control

3333 Disk Storage and Control

3330 Disk Storage
Magnetic Tape

Same as M135



Commqnications
3704 Communications Controller (Model Al)
Channel Adapter (Type 1)
Communications Scanner (Type 2)
Line Interface Base (Type 1)
Line éet (Type 1H)

Business Machine Clock
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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 - .

359274 accounts 20% peak hour *50.5%)
21 days

1728 transactions per peak hour

.48 transactions per peak seccnd.

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

*Potal transactions coming into office; see TTYPE function.



10.

11.

Customer walks into branch office.

Customer talks to clerk.

Clerk goes to terminal.

Clerk keys-in message. -

Message sent down line to data processing center.
Message is processed.

Reply sent down line to terminal.

Reply is printed on terminal.

Clerk leaves terminal.

Clerk talks to customer.

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 U4:

1. 25.5%
2.  4.5%
3.  6.2%
§.  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.

Uéing this definition, the warm-up time for the GPSS
1100 model was calculated.

Least frequent city = 1.5%
Least frequent transaction type = .9%
<o15) <009> *X =
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-hcur simulation warm-up

would be extensive.



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. 1In
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.

120
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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:

Reported Mean Standard

Run Number Time in Office Deviation
1 117.18 _ 93.48
2 123.10 92.11
3 120.86 93.08

Pue 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 Erxrors

Appendix E contains the results of a typical execution
cf 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 781,

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

to validate the function: all
exponential function appear to
However,

deviation for T81, the numbers

than what is expected.

the characteristics of an

be met.

in the printout showing the mean and standard

are considerably different

This appears to be an error in the

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

RESET command.

three runs appears to validate

All other values appear to be valid.

The non-weighted sum of arguments over the

this contention.

There is no reason

to doubt the correctness of the rest of the model.

B. Model Notes

Cities U4 and 14 were deliberately under-designed to see

what effect this would have on

performance (and costj.

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
was zero. However, queue time
seconds, almost fiveAtimes the
over the 19 cities.

City 14 was given only one
Again,

two would be required.

response time. lowever, queue

averaged 74 seconds, while the

the terminal in that city
for the clerk averaged 181

average clerk queue time

terminal when, very likely,
this did not affect LIFO
time for the terminal

average over the 19 cities
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was 18 seconds. This alsp affected clerk queue time,
averaging 80 seconds, while the 19-city average was 37
seconds.

It is recommended that tﬁe 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 GFSS 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 medel
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, th2 function to assign the amount of communica-

tion between multiple CPUs in the configuration.
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16NGe s 10Ne 2
260 ey INNey 2
y6NDey10Nes?
y6N0e 9y 100e s 2
2 F0Ce s 10Ney2

PEWORK
PSWORK
PSWORK
PSWORK
P4WORK
PSNORK
PIWMORK
PSWORK
PESMORK
PEWORK
PEWORK
PSWORK
PSWORK
PSWORK
PSWORYK
PENORYK
PEWORK
PSRORK

PEAORK
PSWORK
PSNORYK
PSWORK
PEV¥ORY
PEHORY
PYWORYK
PSWORK
PENORK
PLWORK

y 17000
’l7000n
» 17000
17000
y 17000
1 ‘70”“.
s 17000,
1 17000
s 17000
s 17000

*
1
¥
)
]
]
]
®
s

’

10UD.
1NUO.
10060
110N
10U
101N .
1NuUD.
1000
11N,
1000

RY RRANcH OFFICF

o 2
o2
2
2
) 7
y 2
2
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. 2
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LICR

T47

T4
T44
T4g
T46
T47
T48
T49

T61

T62
T613
T64
T65%
T66
T67
THR
T69
T70
T71
172
T73
T74
T7%
T76
177
T78
779

TR
182

TYPE
cIvYy

XPON

+ + D 8 8 3 & T @ @ & B 5 & K & N ow "SR e S

TARLF PEWORK 4 170N00s 10002

TARLF PSWORK ,170N04,1000.,2 128
TARLF PENNRK 3 1 7000% s 10UDQ«,y 2
TARLF PSWORK ¢ 1.70N0¢ 3 1000« 42
TARLF PSUORK 3 170006 4 1N00 42
TARLF PSWORK17000¢,10004,2
TARLF PSWORKs17000¢,100Ne,2
TARLF PEHORK » 170006, 100062
TARLF - PEWOARK s 1700004100004 2
TARLF MS1,,300UD,600N0,7
TAR(F MS1,30000,4A000,2
TARLF MT]4,30000,60070,2
TARLF MSE1,300UN,AQ00,2
TARLF M1 ,300UQ,6000,2
TARLF M% | ,30000,6000,2 .
TARLF MS1,3000UN,A000,7
TARLF ME],300UN,45000,2
TARLF MF1,30000,:6000,7
TARLF M%1430000,A000,2
TAaRLF ME1,30000,6000,?
TARLE ME1,300U0,6000,2
TARLF M%1,300U0,A000,2
TARLF M%1,30000,6000,2
TARLF M&L ,300U0,:46000,2
Tar|F MS1,30000,46000,2
TARLF M%14300UN,6000,2
TARLFE ME1s300U0,4000,2
TARLF M%1,300UD,6000,2
TARLF 1As100+20425

TARLF 1as100220,25

TaRLF PEPZ,1,1,8 @ MSG TYPF NniST
TARLFE PsPls1s1,20 W CITY nisT

VALDES ASSTAINFD Tn QUFUE NUMRERS

125 (L-PKS IM THE NFFICFES
31-65 TEeMIMALS IM THF OFFICES
T&~BO NAYTa BASF

RH=90 )

G1=99 TRAaNMSMISSINN LIMNES

FUNCTION DEFINITIOMNS

FUNCTIONSC RFFI DU ol yelN49 ¢249222 «e1,¢385 44,2509 e Gy ebh9N
eh 36916 o791 e? e7931038 P41 ebh eRY310Qq3 40852612 49292471
0923787 U 7¢8) 95,2299 0?5930? .97,3.% 9N ,3,9

Y9G gt 099N B0l MRl he2 999,/ 0UN L9YFT 48NN 1N, 1NeN

RRANCH OFFICE (CIYY) ASCSINGMFNT
FUNCTINMND REST,eM3 1 c(18A92 os0A1 33 N76,4 o091 ,8 o1 1R A
s 179,37 722138 a29239 V06,10 340,311 401412 428,13 601,14
eBT7Ny 1O oSl b /7274317 780418 Jetly1n
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L]
YTYPY
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XM1S
»
TTIMI
+

L 4
TTIM?
+

»
INUNR
-+

*
NELNT
+

L

INPRO

TFERMY
+

. & &

* &

cCPUSPD
]
NATRHRAS
*

MTPAT
*

SFFK

&
SeRCH
°

RFADD
.

CPSFM
L]

GW]TH

VAR

FRM

TRANSACTINN TyPF

129

FUMCTTION D RFSL ,e008,1 ¢h94,42 71743 «772+4 TRAR1,q «e9R7 .6 fa0, 7

MIHMRER NF TRANSMISSINNG PER TRANS TYPE
FUMCTIONSD PSP231,1 251 3,1 4,1 54,2 6,72 7,2
CLFRK TALK TIMF RFFNORE INRUIRY

FUNCTTIOM:D PSPZ7,1:3000 2,3000 33000 44,6000 S,120nn 66,3000

7,1R0N0
CLFRK TaLx TIMF AFTFER [MOUEIRY

FUNCTIOND PSP2,1,1500 2,3000 3,1500 4,9000 S,150Nn &,1N0nnQ0

7,26800N
INPUT MESSAGE LFNGTH

FINNCTIONN PSPT7 31331 24249 3924 4,21 5,28 6424 7424 R,51 9,37

10,17
NITPU'T MESSAGFE LENGTH

FUMCTIOM D PEPT7,i333 2,90 3990 4,413 R,2R 6477 74,40 R,RD

7380 10,8%
IMPUT PROCFSS TIMFE

FILtNCTION D PSP7,1480 2,80 338N 4,R0" 5,80 4,480 7,8n

8,50 9,50 10,50
AUTPUT PROCFSS TIMF

FILMCTION SN PSP7,1450 2,50 3,50 4,95 5,50 650 745n

8,50 9,50 10,50
CPH (PARTITION) ASSTIGNMENT RY CITY
RA = LOS ANGFLFS
R7 = SAN FRaMCISCN

FUNCTINNSD PSPLIs1986 2:87 39846 H4,R7 5,87 AyBA 7484 R,,A6 94R4

INyB7 1187 12+87 13,87 14,86 195,86 14,87 17;:87
LIMF ASSIGNMEMT RY ITY
91,°2 = NS ANGFLFS
93,94 = SaAN FRANCISCO

19 ,R7 19,84 .

FUMCTIONID PSP1s1991 2,93 3991 4,93 5,93 6991 7,91 8,91 9444

INy?3 11393 12,93 13,93 14,91 15,91 14,94 17,92
TEPMIMAL ASSIGNMENT RY CITY

1o,93 19,92

FUMETTONID PEPL 1yl 2,2 3,3 4,6 §5,5 6,4 7,7 8,8 9,9 1n,I10

Tlall 12912 13,13 14,14 15,16 16,146 17,18 184519
RPELATIVE CPU SPFFEDS

S/3460C 130 1e0}

S/370 i35 a7

S/737n M1IYLs o5

S/721N #1HH 7

FUNCTIN T 3N PECPUNUM,RA, 07 R7,e7
PATA ASF NiUMAFR

19,20

FUNCTIOM N PROPUHUM RA,TA H7,77 R8,78 29,79 90,R0

NUMRER® NOF TRATILER RFCOPNS

FUNCTIONSD RFESLse?%,1 85,7 92333 ¢97,4 69935 10,4

FHNCTIONYC RFS1 4144
FUNCTTIONC PFSIy1l

FIINCTIONSC FFS1,1,0
NFTFRMIMF aAMOUNT NF CROSS=TALK
FUMCTIOMeND RIS 994,00 1007,1
SWITCH CPU FOR CROSS-TALYK
FUNCTINN D PSCPUNUM RA 87 27 ,RA

ARLE DFFINITIANS

vaRiantfFs] PEsP1+30 M TERM pPNOL HN.
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24
75
26
27
7R
29
3n
31
Ky
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12
13
14
S
14
17
18
19
20
21

22
23
74
AR
2h
27
28
29
3n
it
32
31
34
s
14
37

TAR

-
FXGEMI
EXGEMZ
ADVINME
»
SPEED
TATIME
FOLLD
TXTIN
KEY
CINEW

CPLIM

TXTOU
Ltiour
cPOUT
PRIN
*

*
.
.
*
»*
R

FGIN

™T

AGAIM

RACK

HFRE

I.oore

VARTARLEs]l PSPL+60

VaRIaRLF
VAR ARLF
VARIARLF

VARTARLF
VARTARLF
VARIARLE
VARTARLE
VARTARLF
VAR ARLF
VARTIARLF
VARTARLE
VARTIARLF
VARTARLF
VARIARLE

INTTTAL

MODEL FLOW

DPIGINATFE

TARUL ATF
SAVFEX
CNMPARF
ASSIGN
ASSIAN
TARULATE
TARULATE
ASSIAN
ASSIAGN
IMOUFUFE
FMTER
NUTNUFUF
ADVAMCE
ANV ANMCE
ASSTIGN
ADVANCE
RDVAMCE
MARK
IMOUFUE
FMTER
NUINIEUF
ASSTIRY
ADVAMCE
GATE
ASSTIaM
SF17F
ASSIGH
ADVAMCE
ASSIGM
ARVANCE
MARY
trouUetiF
SF17F
NUTAUFUF
ADVAMCE
RELFASF

FNREXPONs208
FNSEXPON#2{0
FRNIEXPON*PSWORK L

600
«0%

(VSTATIMF+10/VSSPEEN) #1100

FNSIMLMGe1 ol
(VSTXTIN/2)s10N

VEPOLLND*Y(VSTXTIN/VSSPEED) #1100
VEPOLLN+(FNSIMING/VSSPEED ) » 100

FNSOLNT®1 .1

VEPOLIN+H(VETXTNU/VSSFEFD) #1100
VEPOLI Nt IFNSOLMT/VSSPEED) *1 N0

VSLINUT/Z 1S

SAVEL1,0

0 TIMFIVESFXGEN])
T81

SAVELlsX3SAVEL+1 GOTN{+1,4RneT)

X$SAVE!l | F 200
P1,FNSEROFF
P23FNSTTYPFE

TYPE

cIvYy

PI,FNSXMTS
CPSTRPIFNTCRSFM
QIPEP1)yNUF«TIMF
S{rPspP1)

WIPSPL) y0OHFTIME
TIME(1500)

WORK 1 ,FNSTTIM]
TIME(VSADVTME)

Py
QIVBTERM) ,NUE . TIME
S(VBTERM)
QUVSTERM) yNUE« TIMF
POy FHSTERM
GATO(+1,HyHEPE)
UyFipspPsy

PS4y 1+PSPS poTnlaacy)

F(PSFRS)
P7,P%pP2

PAYFNSINELMNG
TIME(VSKFY)

PR .
DEENTL THE Y ,20F  TTHUF
FOFNSE INF)
BOFNSE [HE)) g AUF  TIME
TrHE (YR )
FLENSE THE)

I3 DDIDD

2

A

I

3

o]
0

130
TARLF mMimMmnere

LINE SPFFNn ((CPS)
TURN=ARNUNN TiMF
POLLIMNG DFLAY
INPUT TFEXT | EMGTH
KFY = [N TiMmfF
LINF=1M Trmp
LINF=1™ TyMp
OUTPUT TFEYT | FMaTy
LINF=anT TiMF
LIME=nNT TIME
BUFFED PRINT TiIwmF

WALK 1M PAYMFNTS
INTERARPRIVAL TIMF
CNUMT YACTS

ARBNRT 1F THN MpanmY
ASSIGM C}TY
ASSIG XACT TYPF
MSh Tyer prST
CITY npsT

Nfte O MFTSAGFESY
ASSIGM CRNSS-Tal Y
QUF Fnp (| FRK
GRAR & (L FR¥

IMITIAL CILFRK Tagw

MEAN TALK TIHMF
TALY oFfFaARe MOy

TI14F roAM CHSTNMFER
RUF FnNR TroMima)g
GRAR TrRM FROM PNANY

FIPST TFRM N OFFT(
FIND CIRPST MOAM—RIIQY
TER+4 N NFFICF

MFEXT TeRPMIMAL
GFT STrTS Ay TFowm
WOARK I MM MQn TYPF

INPUT MSG | FNGTH
YEY=~IN TIME

LIFO nreopnnsy Tiwme
nliE Foan | pMF

GRAPR | YNMF

INPUT YMIGSION Timi
RELFARE | INF



&4
iHh
bb
67
68
&9
78
171
V72
P73
V7Y
176
176
s 77
y 78
179
‘80
181
iR2
1R 3
j8 4
185
{RA
‘87
iR R
tR e
1
b9
392
193
{94
195
194
197
QR
3199
1010
10t
102

iz

104
195
1014
in7
10R
$Ne
410
411
wi 'z
312
414
414
$1&
437
1R
NS
LIRS
2
22?2
4273
424
4 74

18
39
40
4]
42
43
44
45
44

47
48

49.
OO

51
52
53
54
56
564
57
5K
)
61}
51

62
53
A4
655
Al
57
AH
A9
70
/1
72
73
A
/5
5
77

78

79

80
Hi
H2
¥
Ky
Ry
HA

.
MANFR TN

* # B & =

©
THFKE

nuyT

auTt

START CPUl PROCESSING

ASSIGNM
INQUEUE
SF172F
NUYQUFUFE
ADVANCE
ANDVANCE
COMPARE
ASSIGN
ANRVAMNCE

ANVAMCE
RFILFASE

CPUNYMZFNSCPPT
QEPSCPUNLM) yQUF e TIMF
FIPSCPUNUM)
QIPSCPUNIIM)Y 4, QUFr o TIMF
TIME(FNSIHPROSENSCPIISPD)
GOTOU+1 s CRSTLK)

PECRSTKP £Q O

RTMyMHNRTN

GOTOLCPUPRC)

TIME(FNSNTPROSFNSCPUSPD)
FAPSCPUNYM)

ENN CPU PROCESSING

INQUFTIE
SF17F
ONYQUFUFE
ASSTGN
ANVAMCF
RFLFASE
ASS TGN
TARULATF
ANVANCE
ADVANCE
CAMPAPE
ASSTIGEM
ASS TGN

RELFASE
LFAVF
ASSInN
TARULATF
ASSTIGN
ANV ANMCE
ANV ANCFE
CNMUPLRFE
ASSIGN
ANVAMCE
ANVANCE
LFAVF
TARUL ATFE
SAVFX
Tapti ATFE

TFRMINATE

ORIGINATE

SAVFYX

ASSIGN
LSS GN
AGS TG
ASSTRN
Anvaner
CN4PARE
FHMTFR

QUEFNSLINE) yQUE«TIMF
FUFNSEt INF) )
OIFNSLUINE) yQUETIMF
PRsFNSOLMT
TIME(VSLTINUIT)
FIFNSLINE)

WARK yMPSPR

T(PSP1)
TIMEILVESPRIM)
GOTO(+) s THERE)

PEPI 6T 1
P7sPIP7+3
P3I,PIPI~]
FiPSPSL)
S{VSTFRM)
WORK ,MPSP Y
T(VSTERM)
WORK ] sFMaTTIM?
TIME(VSARVYTME)
GNTO(+Y,nlYT)
PsP2 EN 2

P2,1
GOTOULAGATNY

G0TN(LONPP)

S{(psrt)
TI(VETAR)
SAVEI s XSSaVE L =)
TR?

0 TIME(LVSEFXGEN?)
SAVE]l 3 XESAVE ]+
PlyFNSROFF

P21

P3,1
CRSTKPyFHTIOCRSFY
GNTOL+1 32 TOUT)
Res(pspi; o7 N
S{Papl) aATAlTAT)

DD

131

ASSIGM P} MUMpeR
RUF Fnd CcP
GRAR Py

INPUT PROCFSS T iwMmMc

AMY CPNSS~TalK
RETURM POTINT

OUTPUT PRACFSS T
RELEASE (oI

NUF Far { INF
GRAB | INF

QUTPUT MSr LEMGTH
QUTPUT XMIT TimMmre
PELFASE j INF

GEY LI1FO0 TIMFE

LIFO FrSpPnyuSE Tivre
auFErp PRYMT TIvs

MORE M1 TS?
MSn TYPFE
DN NEYT Mearn

RELFARE TrPRPMIMAY
LFAVE TFRM STNRAGE
GFT TyvF FRNAM (HST
TIMF oM c1STnRMED
MEAM TALK TIME
TALY acTeEr (HOUI2Y
TF THI1S WAR hMO Aw
PAY TUEM NN CASWH
PAY TRANMSACTINnM

LFAVF L FR¥ PONY
TIME v OFFYICE
PFCRFMENT I NG (TR
IMTFRNFPARTHRF TIwm

MATL 1M PAYMENTS

civY

XACT TYPF

Nfle NIt XMITS
ASSIGH CRASS~T4alw

IS A rtFPRy AVaAll av
TavF ct FRy = DO T



P2A
[l 4
AR
e ]
P30
3t

33
34
18
136
a7
3R
139
Y0
41
427
4‘3
44

65y
P60
AL
bA 2
A3
fAY
LA G
YL
'&F
t& R
tA S
P70
(N
b# 2
L
b7
RN
V7 A
V27
i7 8
pry
RiRe
1A
s
PR
KK
REN
b i A
b8 7

Xy

R}
4

R
90
?1
92
93
Gy
95
96
97
98
99
1nn

101
102

- 103

114
105
ina
107
1R
19

rin
|
12
113
|
116
114
117
1 LA

119
120
121
122
123
124
izs
126

137

{178

GYOouT

.
.
.
®
cPUPPRC

TRAL

NODSYE

® " % &0

CRSTLK

L

CPSTr]

- & & % »

ARORT
t 3

*
*
-

sAyFx
TERMIMATE

Pl

ANVANCFE
ARVANCE
CNMPARFE .
RFLFASF
ASSTIGH
ITMRUFUFE
SFE17F
nuTNcUr
ASSTIGHM
ANPVAMCE
ANVAMCFE
ANVANCE
ADVAMCF
ASSTIGH
CompApfg
RFLFAQF
TMQUFUFE
SF17F
OUTOUFURE
ARVAMNCE
ADVANCE

CRNSS~TaAL

ASS TGN
RFLEASE
ANVAMCE
ASSIGM
IMOUFENFE
SF12F
anynnens
ANVAMCE
ADVANMCE

ANVAMNCF
Rpt F'AQF_
ANDVAMCE
ASSTaM
IMRUFHF
SF17F
oUTNUEYF
ANDVAMCE

STNP,r

TIMING

DRIGINATE.

{.oop

SAYEl¢XSgAyF =1

PROCFSS SURROUTINE

TIME(H4eFNSCPUSPN)
GOTOL+) 4y MODSK ]

PSP2 LF 7

FIPSCPUMYM)
NANUMFNSNATRAS
QI(PSHANUM) ,QUF « TIMF
FIPENAMIM)
NIPSARMUMY ,NUE T I M
MSIrEKsFMAENTPAY

TIMELFNSSFEFK )
TIME(FNSGERCH)
TIME(FNSRFADD)
MSFEKsPHINSFEK~1
PENMSEFK E0Q O
F{PSDRNUM)

Q(PICPUNUMY ,QUF ,TIMF

FIPSCPUMYM)

QIPSCPUNUMY) ,QUEC e TIMF

GOTO(*RTN)

K SURROUTINME

PTMNyCRSTyr ]
F{PSCPIINIM)
TIME(LVECPLTiD)
CRUNHMFNSSW]TU

RIPSCPUNUM) ,RIJr e TIMF

FIPSCPIINDM)

DIPSCPUNIM) 4QUE o« TIMF
TIME(FNSINPROeENSCPUSPND)

GNTO(CcPUPRC)

TIMEF(FNSATPROSENSCRPUSPD)

FIPScPUNUIM)
TIME(VSCPONT)
CPUNUMyFNES® ] Ty

NIPSCPHNIIM)Y 4 UIT e TIME

FIPSCPUNMY)

N{PSCPUNIIMY,,Qtre T ME

GNTO{MNRTHN)

G Timpténnn)

GOTN(+1,,TRAL )

LIy VDD

=]

DD

]

a

2
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DRM + 10S TIMF

GN TO NISK ON FIPS®
XMIceSTON NNLY

RFLEASF (CPU

DATA aASFE NUMRFR

AU'F FNe NaTA RASFE

GRAR NATA RASF

NO OF TRAILFR PrDS

SEFFK TIME
SFARCH TIMF

RFAD TIME

ANY MNRF RFCORNS?

RFLEAGQF DATA RAQE
OUF Fnr CcpY
GRAR rpPit

RETURN TN ALY FR

RFEFTURM POIMT
RFI.FASE TRIS CPU
LIMNE - 1N TIMF
SWMIYCH CPIU

NUFE FaR NTHFER ol
RPAR NTHER CPU)

TMPUT PRPNACFSS T iwmr
caMMOom 1 Netc

NITPUT PRACFSS T 1wy
RELEASE NTHER cPU
LINF = nlT TimMmf
SWITcH rArCY TO FI®
QUFUF rFrOR THIS PN
SF1ZfF THIS (cPU

ONCF & MIMUTF
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Sle
S3)
S3a
s
S44

ns
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1 REGIN

24 RACK
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