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CHAPTER 1

INTRODUCTION

l.1 OVERVIEW

Advances in computer hardware, increasing availability
of minicomputers, and the advantages of a distributed data
base networks have resulted in significant interest in the
efficiency of methodologies to maintain consistent copies of
geographically separate yet redundant data in a data base
network.

This is a simulation study comparing the responsiveness
of five update algorithms in a multiple host, multiple
back-end processor, redundant data base environment.

This chapter gives a brief survey of the advantages of
a Distributed Data Base Management System (DBMS), the
advantages of maintaining redundant copies of data in a data
base network, and the problems associated with update
algorithms to maintain consistent data bases. The purpose
of this study 1is defined: to compare the performance of
five update methodologies and to examine the parameters that

affect the performance of each algorithm.

1.2 ADVANTAGES OF DISTRIBUTED DATA BASE MANAGEMENT SYSTEMS
(DBMS)

Rapid advances in microelectronics and recent increased
availability of relatively 1low cost minicomputers have

increased the potential for multiple separate data base
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systems to be combined into one network. Despite the
overhead of intercomputer communications and software
management, a network has significant advantages when
compared to a single, large, conventional data base machine
or to maintaining separate, redundant data base machines.
Definitions of the various forms of a distributed DBMS are
given in Chapter 2, Terminology and Parameters.

Several authors (11,17) describe the advantages of a
distributed versus a centralized DBMS. These advantages are
summarized below:

l. Increased reliability.

Failure at one geographical location results in
degraded performance, not total system support
loss. Multiple coples of the data assure a
reliable backup in case of system failure at one
node.

2. Faster access.

Communications delays are reduced for dispersed
systems because data can be stored near the
users.

3. Ease of expansion.

A network 1is amenable to modular stepwise
scaling of data base capability.

4. Increased access efficiency.

Data may be accessed from a machine closest to

the user or by the 1least busy machine in the

network.



5. Sharing of the work load.
The computational load is shared by all machines
in the network., resulting in increased
distribution of the computational work load.
Disadvantages or problems of a distributed DBMS depend
on the implementation concerned. Several authors discuss

the advantages and problems of distributed networks (11,17).

1.3 ADVANTAGES OF MINICOMPUTERS AS BACK-END PROCESSORS

There are obvious economic advantages of using

minicomputers to process data base applications. Maryanski
et al. (13), Maryamski (l1), and Canaday et al. (4) discuss
advantages of using minicomputers for data base functions.
Included among these advantages are:

1. Res;utces of host freed for less time consuming
tasks.

2. Reduction in requirement for software overhead
for data base functions at the host.

3. Greater concurrency is achieved within the
system.

4. Increased security by carefully protecting
access of an application program on the
back=-end.

5. Increased integrity with the ability of the host

and back-end to verify each other’s operations.



6. An economical alternative to upgrading a

mainframe computer.

l.4 THE BACK-END DBMS

In a multiprocessor back-end system, a host machine is
coupled to a back-end machine with multiple processors. A
significant difference in this configuration from the normal
distributed DBMS network is that (1) the external links
between back-ends are eliminated and (2) requests cannot
originate at the back-end nodes.

Maryanski et al. (l2) describe a system architecture
where the back=-end DBMS can be extended intoe a
multi-computer environment with both multiple hosts and
multiple back-ends. This configuration is the environment
of this study. A more complex architecture is the inclusion
of machines that can serve as both a host and as a back-end,
or a bi-functional machine. The above report (l12) lists the
required steps to complete execution of a data base command
in a back-end DBMS network (see Figure 1l.1):

l. A data base command in the application program
on the host machine produces a call to the host
interface (HINT).

2. HINT formats the data base command into a
message and instructs the communication system.

3. The communication link transmits the message.

4. BINT receives and unpacks the message.
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5. BINT transmits the command to the appropriate
data base task.

6. The data base task calls DBMS to perform the
operation.

7. DBMS executes the data base command, perhaps
referencing secondary storage through the
operation system.

8. Upon completion of the data base command, the
data base task transmits the data and status to
BINT for eventual return to the application
program.

9. The result of the command passes through BINT,
the communication systems, and HINT before
reaching the application program.

Maryanski and Kreimer (14) in a simulation study of a
back=-end DBMS concluded that adding processors provides
per formance benefits if the demands for the function are
high. Performance factors of various consistency algorithms
were studied by Norsworthy (15) who also concluded that
addition of back-end processors increased system throughput
in a heavily utilized system. (Norsworthy’s work is

discussed in Chapter 3).

1.5 DISTRIBUTION OF DATA
Various approaches may be used to store data within the

system architecture, as discussed by Rothnie and Goodman



(17) . For example:

l. Unique Subsets:

Each data base contains a unique subset of the
data base files.

2. Partially Redundant:

Each data base contain subsets of the data base
that may overlap or contain data stored
redundantly in other data bases.

3. Fully Redundant:

Each data base contains a complete copy of the
entire data base. This is referred to as the
fully redundant approach.

The fully redundant case is the approach simulated by
this study. The advantages include those discussed in
Section 1.2. As the approach to the distribution of data
varies from the fully redundant approach, reliability
decreases because failure at the node that stores the unique

files will result in failure of all applications that

require access to the files. As utilization of a network

increases, an additional node may be added to absorb the
work load within a redundant data base. A system with
increased demand for unique files must increase its capacity
of the data base machine at the storage site with increased

activity. See references (3,10,17) for a more complete

discussion of this comparison.



l.6 SYNCHRONIZING UPDATES OF REDUNDANT DATA BASES

Synchronization of wupdates in a distributed DBMS is

necessary to ensure consistency of the data bases and 1limit

excessive delays while updates are correctly made at each

data base.

A simple locking of the updated portion of the data
base (as 1is done in a single, general purpose computer)
becomes impractical as the number of machines (and copies of

the data) increase. The communications delays become

expensive to request permission to lock., grant permission,

to lock, send update, acknowledge update, and to release the

locks (17).
The problem of distributed DBMS update synchronization

methodology is discussed by Alsberg et al. (1), Bernstein et

al. (3), Ellis (5), Johnson and Thomas (9), Rosenkrantz et

al. (16), Rothnie and Goodman (l17), Stearns et al. (19),
Stonebraker and Neuhold (20), and Thomas (21).
By examining a single host, multiple back=-end

environment in a simulations study at Kansas State

University, Norsworthy (15) compared five methodologies

which deal with the consistency problem of redundant data

bases. The five models were the CODASYL (6), Bermnstein (3),

Johnson and Thomas (9), Ellis (5), and Hybrid (10,15).

As a continuation of the Norsworthy simulation study,
this report examines the five consistency algorithms,
expanding the environment to include multiple host networks.

The purpose of this study is to examine the effect of



multiple hosts on performance of the DBMS network.

1.7 SUMMARY

The advantages of a back-end DBMS have been discussed.
Although few data base networks can be expected to be fully
redundant or to have homogeneous hardware configurations, a
simulations study assuming these conditions allows the
performance of the update methodologies to be compared and
their similarities and differences to be studied.

The parameters of this study are defined in Chapter 2,
the five simulation models are described imn Chapter 3, and
the implementation of the models is described in Chapter 4.
The data obtained by this study is combined with the data
obtained by the Norsworthy study, and using multiple linear
regression, mathematical models of the simulation models
were developed. A description of the mathematical models
are presented in Chapter 5 and an analysis of the results of
the study is contained in Chapter 6. Chapter 7 explains the

conclusions of the study.
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CHAPTER 2

TERMINOLOGY AND PARAMETERS

2.1 OVERVIEW

Terminology is discussed, followed by definitions of
system and experimental parameters used in this study.
Terms are defined in Section 2.2; constants used in the
simulation are discussed in Section 2.3; and the

simulation’s variables are defined in Section 2.4.

2.2 TERMINOLOGY

Distributed Data Base Management System (DBMS) - defined by

architecture (11,17)

l) 8ingle, General Purpose Computers.

2) Data Base Machines.
Special-purpose processors whose function is
data management. A data base machine can be a
back-end processor (see below).

3) Back-end Machine.
When the above two computers are combined into
one network, the dedicated data base processor
is referred to as a back-end machine. A
back-end processor frees the resources of the
mainframe (host) CPU.

4) Special Purpose Distributed DBMS.



5)

6)

7)

A network of identical data base machines,
designed specifically for the data base system.
Homogeneous Distributed DBMS.

Conventional facilities for communications
between machines. Identical computers with
specialized software that allows communication
between tasks residing in separate machines.
Heterogeneous Distributed DBMS.

A network of processors from different vendors.
Multiple Software, Heterogeneous Distributed
DBMS.

A network comprised of processors from different
vendors and having the ability for users to
access the data base with more than one

language.

11

Components of a Distributed DBMS - defined by function (11)

1)

2)

3)

Front-end Machine.

A machine interfaces with the user and the host
machine; receives input, transmits output.

Host Machine.

Executes application programs.

Backend Machine.

Controls data access by execution of data base

operations.

3.1) Primary Back=-end.

The back-end processor that is selected to

receive the specific modification request
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being transmitted to the DBMS. Although only
one back-end is designated primary for a
specific user request, some update algorithms
designate only one back-end to be the primary
back-end for all modifications.
3.2) Secondary Back-end.

A secondary back-end is a back-end processor
that receives a specific modification request
after the data at the primary back-end has
been wupdated. Depending on the wupdate
algorithm considered, a back=-end may be the
primary back-end for some modification
requests and the secondary back-end for
others.

4) Bi-functional Machine.

Combines host and back=-end functions.
Timestamp

A timestamp is the absolute clock time that a

specific request 1is assigned or "tagged" when it

enters the data base system.

Redundant (Replicated) Data Bases

A data base is either partitioned or replicated. A
partitioned data base 1is spread across several
computers. A replicated data base stores some
portions of the data base redundantly at different
nodes in the network (10). A fully redundant data

base stores a complete copy of the data base at all
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nodes in the network. The data base system in this
work assumes the fully redundant data base in all

simulation experiments.

2.3 SYSTEM PARAMETERS

The parameters discussed in this section were constant
throughout the simulation experiments discussed in this
paper. The variable parameters are discussed in Section

2.4.

Reguests Per User

Each wuser 1issued from one to seventeen requests

(average being eight).

User Terminals

The number of user terminals attached to the data base

network for all simulations was held constant at eight.

Users

Normally, there were fifteen wusers per host assigned
randomly to the eight available terminals for each run. All
user requests were routed through a host machine, selected
randomly, and the structure of the data base was considered

transparent to the user.



14

Partitions

Each backend processor had two partitions allocated to

executing jobs and a buffer to hold queued jobs.

Velocity of Communications

50 K Baud.

Buffered Transmissions per Reguest

Ninety percent of all requests fit in one buffered
transmission and the remaining ten percent of the requests
required two transmissions. The requests were randomly

assigned a length as they entered the network.

Time
The basic time wunit during the simulations was one

millisecond.

2.4 EXPERIMENTAL PARAMETERS
The parameters discussed in this section include
dependent and independent variables in the models of the

data base system.

Response Time, t

R

The response time, t is the dependent variable

Rl
measured during each GPSS simulation. The response time is

the absolute clock time given in the GPSS output when all
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requests to the data base have been answered and all data

base copies are identical.

Mean Response Time, t

R

The arithmetic mean response time ER' is the average of
six samples of one simulation model. The samples vary only
in the random number generator multipliers used [(RMULTs).

The RMULTs used in this experiment were 31, 37, 743, 6352,

92576, and 14523.

Requests, R

The number of requests, or R, varied as follows:

1l host CPU 15 requests per simulation
2 host CPU’s 30 requests per simulation
4 host CPU’'s 60 requests per simulation

The number of requests were varied as above in order for the
requests per host remain constant and the length of the job

stream also remain constant (see Section 2.3).

Regquest Interval, £

The frequency of requests to the data base, £, is
defined as the seconds per request to the data base. The
variable f was varied to mainutain a constant work load per
host CPU. The interval was varied as follows:

1l host CPU 3/2 sec/request
2 host CPU s 3/4 sec/request

4 host CPU’s 3/8 sec/request
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During the simulations, the intervals were varied as above,

+ or - 50 milliseconds.

Elapsed Time, t

S

With respect to the number of hosts, the workload was
held constant for each simulation run. The elapsed time was
a constant 22.5 seconds and the number of requests and
requests per second were varied to produce 15 requests per
host machine for each simulation (except two simulations
discussed in Section 4.2). Elapsed time is computed during
some SAS PLOT programs (Appendix 7) as follows:

= *
tS £ R

Average Time Lag td

The average time per request to complete all tasks
requested by the job stream, beginning at the end of the job
stream and ending when all requests have been answered and
all copies of the data base are identical. The average time

lag is defined as follows:

- - = - . i .
td (tR tS) 1000 / R (in milliseconds)

In an ideal system with infinitely fast updates, Ed would

approach zero.

Back=-end, B
The number of Back-end processors were varied in the

simulations as follows: 2, 4, and 8.
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Host CPU, H

The number of host CPU’s were varied as follows: 1, 2,

and 4.

Modification Reguests, M

Modifications are requests to update, insert, or delete
records from the data base. Possible values of M in this
study are 20%, 35%, and 50%. The wunit of M when not given

is percent.

Priority Regquests, P

Priority requests are requests that are randomly
assigned a higher priority than normal requests to the data
base. Possible values of P in this study are zero or no

priority and 10&%. The unit of P where not given is percent.
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CHAPTER 3

THE SIMULATION MODELS

3.1 OVERVIEW

A description of each of the five GPSS simulations of
the five update algorithms for redundant data bases is given
in successive sections of this chapter.

The five models of the data base network are based on
the following previously presented algorithms: Bernstein
(3), CODASYL (6), Ellis (5), Hybrid (10,15), and Johnson and
Thomas (9). The GPSS V simulation models were developed by
previous researchers at Kansas State, primarily by
Norsworthy (15). The models described in this paper are
extensions of the previous simulation models. Instead of
single host data base network, all models were simulated 1in
a multi-host environment (2-4 hosts). Listings of the
GPSS V programs are at Appendices l1l-5. Analysis of the data
obtained from this study in subsequent chapters includes
data from the previous simulation experiments. Data was

extracted from the Norsworthy Master” s Report (15).

3.2 CODASYL MODEL

The CODASYL Model differs considerably from the
remaining models discussed. Only one primary data base is
updated until all requests have been received by the system

(end of the work day). Subsequently, all modification
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requests are sent from the single primary data base to the
secondary back-end processors. Therefore, the CODASYL Model
performs updates on only one data base and only one data
base is current throughout the operational work day.

The obvious disadvantage of this model is in the delay
in updating all data bases. As a consequence, the secondary
data bases responding to gueries respond with progressively
outdated data until the beginning of a new work period.

A high level description of the simulation model is at
Figure 3.1. A listing of the GPSS program is at Appendix 1.

For comparison of this model with the others tested,
the end of the job stream signaled the end of the work day

and start of the secondary updates.

3.3 ELLIS MODEL

The Ellis Model (5) allows any data base to accept a
modification request. The back=-end requests permission to
modify the specific record and the secondary back-ends grant
their approval if not currently processing a modification
request on the same record. If the primary back-end
receives a negative acknowledgment from any other node, it
then delays the request and resubmits the regquest later.

The simulation implementation differs from the Ellis
algorithm, in that, instead of a modification request being
processed directly by the node receiving the request, each

request is sent to a host and then simultaneously sent to



Figure 3.1
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join all job queues. The assumption is made that the
requests will not get out of sequence if they are processed
through a host CPU. This assumption was made in both the
single host environment studied by Norsworthy (15) and in
the multi-host environment of this study.

The algorithm for the Ellis Model 1is at Figure 3.2.
During modification the back-end processors block all read
requests until modifications are complete and, consequently.
an expected delay results with increased modification
reguests.

A listing of the GPSS program is at Appendix 2.

3.4 JOHNSON AND THOMAS MODEL

Johnson and Thomas proposed a model for maintenance of
duplicate data bases using timestamps (9). Requests are
timestamped as they enter the job stream, then sent to an
assigned primary back-end where the update is performed.
Subsequently, the request is added to the primary back-end’s
modification table.

When the secondary back-end is free, the primary
back=-end sends its oldest candidate modification to the
secondary back-end. The secondary back-end compares the new
request with its update list. If the request is the most
recent for the record, then it 1is added to the secondary
back-end’s update list. If the back-end’s modification list

has a more recent timestamp, for the record specified, then
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the request from the primary back-end is ignored. Finally.
if the modification from the primary back-end is more recent
than modification request in the secondary back-end’s job
queue, then the modification is deleted from the job gueue
in favor of the more recent modification. This last case
discussed can result in duplicate data bases being
inconsistent.

The Johnson and Thomas algorithm can be viewed as an
improvement on the CODASYL algorithm by utilizing available
processing time to perform secondary updates to the data
bases. The timestamp prevents modification by a request
that is older than the most recent modification request.

The algorithm discussed adds an overhead in that an
update list must be maintained by each back-end. A
disadvantage of this algorithm is that after completion of
all tasks in the job stream, all copies of a redundant data
base may not be identical.

A high level description of the GPSS program of the
Johnson and Thomas model is at Figure 3.3. A listing of the

program is at Appendix 3.

3.5 BERNSTEIN MODEL

Bernstein, et al (3), described a methodelogy for
ensuring mutual consistency of data base copies by use of
timestamps and a voting process.

Modification requests are tagged with a timestamp as
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they enter the job stream, then they are sent to an assigned
primary back-end for processing. At the primary back-end
all other requests are blocked wuntil the request is
processed. Voting takes place wherein each secondary
back-end in the data base network must grant approval to
update the data base with the new update. Approval is
granted only when there are no "older" requests in the
secondary’s modification list. After all secondary
back-ends grant the primary back-end their approval, the
modification is performed by the primary back-end and the
request is then sent to the secondary back=-ends to join
their job queues.

The high level description of the Bernstein algorithm
is given in Figure 3.4. A listing of the GPSS program is at
Appendix 4.

The primary advantage of the Bernstein model over
previous methodologies is that mutual consistency of data
bases is formally proven, ensuring that each data base
converges on the same final state after all tasks have been
completed in the job stream. The method requires
considerable overhead in that a clock time must be stored

for each modified record at each data base.

3.6 HYBRID MODEL
The Hybrid Model is a methodology developed during

previous research by Maryanski (10) and Norsworthy (15).
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Similar to the CODASYL model, the Hybrid Model sends all
modifications to one primary back-end which logs the request
for processing. However, instead of delaying updates until
the end of the incoming job stream, as in the CODASYL model,
the modification requests are sent to the secondary
back-ends whenever the primary back-end detects that it has
an empty back-end partition.
The algorithm for the Hybrid model is at Figure 3.5. A
listing of the GPSS program is at Appendix 5.
The model is not as complex as the Bernstein model and,
unlike the Johnson and Thomas model, ensures consistent

copies of the data bases upon completion of processing (15).

3.7 SUMMARY OF THE SIMULATION MODELS

The five models described in this chapter simulate
models of methodologies that have been developed to update
redundant data bases consistently.

The simulation models of the algorithms are useful in
that a comparison can be made of the methodologies in a
controlled environment. The implementation of this is
discussed in Chapter 4.

The methodologies described require time to wupdate
duplicate data bases consistently, to vote, and/or to check
modification tables. The simulation models were designed to
test the time required by each o©of the models to update all

data bases. As an overview, techniques used by the five
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methodologies which directly affect their response times,

are listed below:

JOHNSON & BERN-
CODASYL THOMAS ELLIS STEIN HYBRID

Use of time-
stamps X X

Primary back-end

asks permission

or vote to up-

date X X
Single modifica~-

tion table at

primary back-

end X
Modification

tables at all
back-ends X X X X

Methodologies
Figure 3.6

An analysis of the techniques above are discussed in
relation to the results of this study in Chapter 6.
Analysis of the time required by the models is used as the
dependent variable of this study and the implementation is
discussed in Chapter 4.

It 1is important to note that there are other
considerations that must be considered when comparing the
five methodologies, primarily the memory reguirement of each
of the models that is used to store clock times, tables, and
record numbers. These additional factors for communications

transmission time is another factor that must be considered
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when comparing the algorithms. This parameter was not
varied in this study of the models and the network
configurations were considered to be located at the same
installation. When the communication time is varied for
dispersed networks, the models can be expected to be
affected in various ways.

The additional factors for comparing the methodologies

are included in Results and Analysis, Chapter 6.
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CHAPTER 4

SIMULATION IMPLEMENTATION

4.1 OVERVIEW
This chapter contains a discussion of the simulation

conducted using GPSS V to obtain response time, t data for

R’
multi-host, multi back-end data base systems. A simulation
was conducted for each of the five methodologies discussed
in Chapter 3, for each combination of 2 and 4 host CPUs and
2, 4, and 8 back=-end processors in the data base network,
keeping a constant workload per host CPU. The percent of
modification and high priority requests. were kept constant
at 50 percent and 10 percent, respectively. Some additional
simulations were made to test the effect of the workload and
priority requests.

The models simulated resulted in a large GPSS core
memory requirement and the memory allocated by the GPSS
system required careful management to ensure GPSS core
memory was not exceeded and to reduce the computing cost of
the simulations.

Data obtained by this study and data used from earlier

studies are listed in Appendices IX and X.

4.2 SIMULATION PROGRAMS
The simulation parameters are defined in Chapter 2.

Appendices 1-5 contain 1listings of the GPSS simulation
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programs used.

In all but one case, each model simulated was run six
times--each time varying the RMULTs, thereby changing the
internal random number generators.

The following two sets of parameters were each varied
for 2, 4, and 8 back—-end processors:

2 HOSTs

f = 3/4 sec/request

M = 50 (508 modifications)
P =10 (108 priority requests)
4 HOSTs

f = 3/8 sec/request

M =50

P =10
Consequently, mean response times, ER' were obtained for six
multi-host environments of each methodology (except
CODASYL). The 4 host, 8 back-end configuration of the
CODASYL model was not simulated due to the large requirement
for memory, the long execution time, and the expected
expense. However, sufficient data was obtained with which
to compare the CODASYL model with the other methodologies
discussed herein (see discussion of results in Chapter 6).

Additional data was also obtained for single-host
networks of the Bernstein model. The following set of
parameters was varied for 2, 4, and 8 back-end processors:
1 HOST

f = 3/2 sec/request
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M = 50
P =10
The above simulations were conducted to ensure valid

single-host data in the analysis due to several changes in
the Norsworthy version of the Bernstein simulation that were
required for a multi-host environment.

Additional simulations were conducted with the purpose
of testing the effects of several independent variables on
the model’s response time. The following simulations were
conducted to test (l) the effect of the work load per host
and (2) the affect of priority requests included in the job

stream.

H=1,; B=2; £ = 3/4 sec/req ; R 30 ; M =50 ; P =10
R

= 30

=
[l

H=4; B=2,; £ = 3/4 sec/req ; 50 ; P =10
H=1;B=2.;: £f=3/2 sec/req ; R= 30 ; M =50 ; P =20
Analysis of the data obtained from the additional

simulations is given in Chapters 5 and 6.

An explanation of the GPSS code for each of the five
basic simulation models is provided in the Norsworthy
Master”s Report (15) and it is considered unnecessary to
repeat his description of the simulation models in this
Master’s Report.

The multi-host network models developed by this author
are implemented as described in Chapter 3. The network
model for the environments is as shown in Figure 4.1. Upon

entering the network., requests are randomly assigned a host

machine and continue to be processed by that host until
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processing is complete by that request. This selection
method was used for all models.

With the exception of two additional simulation models
for the Bernstein algorithm (discussed above), the work load
per host machine was held constant throughout the
simulations experiments in order to compare the effects of
adding multiple host CPUs to the distributed data base

network.

4.3 LARGE GPSS CORE MEMORY REQUIREMENT

Addition of multiple hosts and the consequent increased
rate of requests to the network resulted in heavy core
memory regquirements of the GPSS V system. Further,
execution times were frequently over two minutes in duration
for a single simulation program. This effect required
careful reallocation of memory from the standard allocation
provided by GPSS V. Auxilliary storage of modification
tables was also used as a memory allocation technique,
however, it became impractical when many accesses were
required. Reallocation of memory is described in reference
(8) pages 326-329 and in reference (7). It was found that
all multi-host models could be simulated using parameter B
in the GPSS control stat>-ent that loads the GPSS program,

excepting the CODASYL model which required parameter C.
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4.4 DATA
Reponse times, tR' for each simulation are listed in
Appendix 8. Mean response times and their standard

deviations of the simulations conducted by this study are
listed in Appendix 9.

Data for single-host data base network systems obtained
by Norsworthy and used for analysis in this report is listed

in Appendix 10.

4.5 SUMMARY OF IMPLEMENTATION

The Data Base network models with multiple host CPUs
were simulated varying the number of host CPUs and back=-end
processors for constant work loads. By making multiple
simulations and varying the random numbers generated by
GPSS, the response times were obtained for each of the
methodologies. Response time was the time taken by the
algorithm to answer the user”s requests and for the
duplicate data bases to reach a steady state, having
consistent data bases. The number of host CPUs and back=-end
processors significantly affected the response times, ER‘
Also, the frequency of requests to the data base and the

percentage of modifications and high priority requests

affected tR'
The data obtained from this study is discussed and
analyzed in Chapter 5, Mathematical Models, and in Chapter

6, Results and Analysis.
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CHAPTER 5

MATHEMATICAL MODELS

5.1 OVERVIEW

The data obtained from the simulations of multi-host
data base systems were combined with the data obtained from
previous single-host data base networks. Multiple linear
regression procedures of Statistical Analysis System (SAas),
reference (2), were wused to obtain mathematical models of
the five simulated metodologies in this study. This chapter
describes the procedures used to select the mathematical
models and discusses their ability and 1limitations to

describe the algorithms.

5.2 DATA AND VARIABLES
Preliminary analysis of the data obtained in this study
(Appendix 8) indicated that a relationship existed between

the dependent variable, t and the following independent

R’
variables:
B - number of back-end processors
H - number of host machines
f - frequency of requests
R - number of requests in the job stream
The Correlation and RSQUARE procedures of SAS were used

to determine that relationships existed between the

independent variables of the simulation. The General Linear
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Model procedure of SAS was used to determine mathematical

relationships between the independent variable, t and B,

Rl
the number of back=-ends. Also, mathematical models were

found with ¢t and H. However, a model <could not be

Rl

determined with a high correlation with variables t B, H,

Rl
R, and £, until additional simulations were used to test the

variables (discussed in next section).

5.3 MULTIPLE LINEAR REGRESSION
In order to test the relationship of the work load the
frequency of requests to the dependent variable tR and the
other independent variables, two additional simulations were
made of the Bernstein model, with the following parameters:
(1) H=1,; B=2; f£f=23/4.; R=30

30

]
[}

(2) H=4 : B=2 ; £ 3/4 ; R
The above simulations differed from all previous simulations
in that the requests per host was not equal 15.
Subsequently, the GLM and Stepwise procedures of SAS were
used to develop one mathematical model for each of the
methodologies.

1t was decided to pull all available data of the five
models together to, first, test the models that were
developed and, second, to strengthen the formulas if a
general relationship existed. A problem with this approach

was that the previous data obtained by Norsworthy (15)

varied percent modifications (20, 35, and 50 percent). Also
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the Norsworthy data did not include a 10 percent priority
request rate. Modification and priority were added as
independent variables in the linear regression. Using the
SAS stepwise procedure, a strong correlation was found
between four of the five models when a multiple regression
was made using one general model. The fifth model, CODASYL,
was found to fit a separate mathematical model. Instead of
each methodology being represented by five separate
mathematical models, only two are required. The two models
and the coefficients for each of the models are listed in
Tables 5.1 and 5.2.

The coefficient of determination. Rz, for the five
simulation models ranged between 0.993690 and 0.999655. The
SAS program giving the models” Rz. coefficient of the

general mathematical model, and the probability of fit is

listed at Appendix 6.

5.4 LIMITS OF THE MATHEMATICAL MODELS
As stated in Chapter 1, the purpose of this study is to
determine the effect of multiple~hosts on the response time,

t for the five wupdate algorithms described herein. The

R’
mathematical models described in this chapter were
developed, in large part, after the simulation data had been
collected. As a result, insufficient data was collected to

fully test each of the independent variables of the

mathematical models. For example, in the Bernstein model
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TABLE OF MATHEMATICAL MODELS 1

Models for BERNSTEIN, ELLIS, HYBRID, and JOHNSON AND THOMAS
Methodologies

1 1

2 + cevtpt 4+

ER = Cl + C2%B + C3*R*f L + c4%B™ 1 + c5%y”

C7*B*f + C8*M/(B*f) + CO*P/(B*f)

Where:
t. mean response time B number of back-ends
in seconds H number of host CPUs
R total number of requests
f request interval(sec/request)
M percent modification requests
P percent high priority requests
JOHNSON &
BERNSTEIN ELLIS THOMAS HYBRID
Cl 79.13563680 145.05242827 55.51611866 -11.35832609
c2 9.003336688 -6.43088333 6.18675417 17.55630833
C3 0.33138173 0.75011348 0.47046118 0.33556617

C4 =51.74670317 =-168.45220745 16.21106783 173.31042058

C5 4.9659879¢6 =79.16173356 0.35511998 82.77174692
Cé -5.94198065 107.21754881 =-2.36432766 =-135.01332697
c7 -6.86593821 4.06155556 =4.30727778 -12.55277778
(od:] 1.42773218 0.47112568 =~0.32782457 0.89594651
c9 1.33701028 0.72173694 6.09821369 2.80743509

Table 5.1
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TABLE OF MATHEMATICAL MODELS II

Model for CODASYL Methodology

1 2 1

ER = Cl + C2*H¥f ~ + C3*B° + C4*f*B + CS5*B*P*f ~ +
c6*BeM*£ L
Where:
t. mean response time B number of back=-ends
in seconds H number of host CPUs
R total number of requests
f request interval (sec/request)
M percent modification requests
P percent high priority requests
CODASYL
cl 89.2074747299
c2 1.311%1234
C3 0.98374036
Cc4 -6.69186434
Cc5 0.39499193
(o] -0.03016417

Table 5.2
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all simulations were made with M = 50 and in all but one
simulation P = 10. Further, in almost every case the work
load per host was a constant 15 requests per host.

The benefits of the capability for expressing the
results of the simulation in mathematical terms will become
evident in later chapters. One of the primary benefits is
that the relationship between the independent variables.,
such as H and B, can be examined graphically in relationship
to the dependent variable tR. It will be shown that there
are optimum numbers of both back-end processors and numbers
of hosts, depending on the work load of the system.

The analysis of the results of this study in Chapter 6
considers the adequacy of the data to substantiate the
mathemtical models. Care is taken not to extend the

mathematical models beyond their limits.
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CHAPTER 6

RESULTS AND ANALYSIS

6.1 OVERVIEW
The effects of the experimental parameters on the mean

lag time, t are examined for each of the five update

q’
methodologies. The effect of adding additional back-ends,
while keeping the number of host machines constant, is
analyzed graphically for each methodology. The results are
presented with graphical plots using a S5AS program. The
impact of varying the number of hosts for each model and the
effect of keeping the workload per back-end constant are
examined. Finally, the optimum number of back-ends for each
model and number of hosts is plotted graphically, keeping
the workload per host constant. A summary of the plots is
given in Sections 6.6. A discussion of the model”s gqueueing

behavior in the GPSS simulations is given in Section 6.7.

An overall summary of the analysis in Section 6.8.

6.2 MODELS COMPARED, VARYING NUMBER OF BACK-ENDS: CONSTANT
WORKLOAD PER HOST

Using the mathematical models described in Chapter 5,
Ed is plotted varying the number of back-ends, holding
constant: H, £, M, and P. Table 6.1 tabulates the figures,

the values of the experimental parameters, and the symbols

of the algorithms that are represented in the plots.
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FIGURE NUMBERS

6.1 6.2 6.3 6.4 6.5 6.6 6.7 6.8 6.9 6.10
Bern-
A stein B B B
L
G CODASYL & C C C C
O
R Ellis E E E E E
I
T Hybrid H H H H H
H
M Johnson
and
Thomas J J J J J
Hosts 1 1 1 1 1 1 2 2 4 4
f (sec/
request) 372 3/2 372 372 372 372 3/74 374 378 3/8
M (percent) 50 50 35 35 20 20 50 50 50 50
P (percent) 10 10 10 10 10 1¢ 10 10 10 10
Plot Parameters
Table 6.1
The points of the plots correspond to the models as
follows:
B Bernstein Model
c CODASYL Model
E Ellis Model
H Hybrid Model
J Johnson and Thomas Model

The plots of the graphs were made with a Procedure

of SAS.

PLOT

An example of the SAS PLOT program procedure used in
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this section to provide the graphical relationships of the
plots is at Appendix 7. For information on use of the PLOT
module see reference (18).

Each plot is discussed in a subsequent subsection. Note
that the percent of modification regquests were plotted for
one host only. This is due to the fact that M was constant
at 50 percent for simulations of multiple hosts. Accurate
effects of variable M is believed to be represented by the
single host network. Note also that the percent of high
priority requests is never compared with the various models.
This is due to the face that data was collected for P = 10
for multiple hosts and for P = 0 for single host networks.
and data was never obtained with all variables constant

except priority.
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Figure 6.1

6.2.1 CODASYL MODEL, 1 HOST, 50% MODIFICATIONS

The CODASYL model is plotted in Figure 6.1 showing the
mean time lag., Ed' as the number of back-end is varied.
Values of the experimental parameters are as shown in the
legend of the plot. The CODASYL model performs with a higher
Ed than the other four models studied (see next section). 1In
order to show more graphicaily the differences of the other
models, the CODASYL model will normally be shown separately.

As indicated in the plot above, Ed decreases as the number of

back-ends increase until B = 5, then Ed increases with each
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addition of a back-end processor. As discussed in Section
3.3, the CODASYL algorithm updates only the primary back-end
until all requests have been received. Adding back=-ends
results in a proportional increase 1in workload for the

primary back=-end.
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Figure 6.2

6.2.2 MULTIPLE MODELS, 1 HOST, 50% MODIFICATIONS

For the four models plotted in the figure above, the
workioad in the network is relatively light and as the number
of back-ends increase, the mean system time lay. Ed' steadily
decreases for each of the methodologies. The Johnson and
Thomas model performs with the 1least delay in updating the

data bases in the plot.
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6.2.3 CODASYL MODEL, 1 HOST, 35% MODIFICATIONS
The CODASYL model responds only slightly better with a
decrease in modifications from 50 percent to 35 percent

(compare with Figure 6.1). The Ed decreased 200 milliseconds

with respect to Figure 6.1 after the number of back-ends.

increased to B > 4.
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6.2.4 MULTIPLE MODELS, 1 HOST, 35% MODIFICATIONS

The plot above differs from Figure 6.2 by only a
reduction in percent modifications (M #'35). (The Bernstein
model is not included beacause simulation data was obtained
only for M = 50 for the Bernstein model). The mean time

lags, t are similar to Figure 6.2. As B increases, t

a’ d
decreases for each of the models plotted. Performance
improved as back-ends were added because the total system was

able to progressively process requests more efficiently

through concurrent operations.
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Figure 6.5

- 6.2.5 CODASYL MODEL, 1 HOST, 20% MODIFICATIONS

A decrease in percent modifications from 35 percent to

20 percent had virtually no effect on the average time lag

for the CODASYL model {compare above plot with Figure 6.3).
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6.2.6 MULTIPLE MODELS, 1 HOST, 208 MODIFICATIONS Ed

decreases slightly as the percent modification decreases from
35 percent to 20 percent (compare Figure 6.6 to above
figure). Note that the Ed for the Johnson and Thomas model

and the Hybrid model became similar as the percent

modifications decreased.

¥
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6.2.7 CODASYL MODEL, 2 HOSTS

The above plot differs from that in Figure 6.1 by the

- number of host machines and the fregquency of requests. The

total requests per host and frequency of requests per host
(tiﬁe interval between requests is 3/2 divided by H) remains
constant in both environments; however, the workload per:
back-end has increased. In essence the network’ s workload is
doubled, keeping the same number of back-ends and all other

parameters resulted in an increase in t Note that there is

dl
no efficiency gained by adding back+-ends at any point in the

plot at the additional workload. This result is expected



56
because as the workload increases 1in the network the time
required to update all data bases will progressively
increase. The CODASYL model has only one primary back+~end
and additional back-ends results in added worklcad for the

primary back=end.
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6.2.8 MULTIPLE MODELS, 2 HOSTS
Compare the above plot to Figure 6.2. The number of

workload per host is constant. An

hosts is doubled and the

interesting transformation in the curves of the models has
taken place. As B approaches 10, %d is between 0 and 10
percent greater (and slower) than with H = 1; however, for

B =28, t, is significantly reduced (at B = 5 there is over a

d
20 percent reduction for the Bernstein, Johnson and Thomas,

and the Hybrid models). The Ellis model is not dramatically

affected; however, at B = 2 Ellis responds much faster with
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H = 2. The Ellis model does not react in the same manner as
the other models. The Ellis model is much slower than the
other models for B < 5; however, it is less affected by
adding additional back-ends. Another significant effect is
noticeable for the Bernstein, Hybrid, and Johnson and Thomas
models: instead of Ed steadily decreasing as B increases,
the algorithms reach an optimum Ed at approximately B = 5,
then Ed increases in lag time. The overhead of the

algorithms, such as voting and use of modification tables

begin to become a significant factor and the benefits of

adding a second host are lost as B > 8.
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Figure 6.9
6.2.9 CODASYL MODEL, 4 HOSTS
Compare the above plot to Figure 6.7. The addition of

a 4 host network increases the lag

back=end processors in

time, t in a direct relationship. Throughout the range of

dl

is greater Increasing the

Ed than in a 2 host network.

number of back=-ends

B,

network increases t throughout

in thg a

the range of B.
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6.2.10 MULTIPLE MODELS, 4 HOSTS

Compare the above plot in Figure 6.8. Except for the
Bernétein model, an increase in the _number of host machines
to four, does not significantly affect ;d‘ As the number of
back-ends increase, the performance of the Bernstein model
improves significantly (approximately 20 percent better in
performance). For the Bernstein model with four hosts and
five back~ends, the opfimum Ed is plotted when comparing
Figure 6.2, 6.8, and 6.10. This observation is again noted

in the discussion in Section 6.4 where the Ed of the optimum
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number of back-ends 1is plotted for configurations of host

machines.
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6.3 EFFECT OF NUMBER OF HOSTS ON PERFORMANCE, VARYING
BACK-ENDS, AND CONSTANT WORKLOAD

The plots presented 1in Section 6.2 were discussed for
the purpose of comparing each model for specific combination
of back-ends and hosts keeping the workload per host
constant. It was difficult to compare how a specific model
changed as the number of hosts increased because the scale of

td on the vertical axis would vary with each plot. 1In this
section an analysis of the effect of the number of hosts is
made for each of the models. Four plots illustrate the

effects for four of the models, as follows:

Bernstein Figure 6.11

Ellis Figure 6.12

Hybrid Figure 6.14

where, H=1, 2, and 4
£f = 3/72, 3/4, and 3/8 (respectively)
M = 50
P =10

The CODASYL model is not plotted because the single plots

given in Section 6.2 provide an adequate base for comparison.

6.3.1 CODASYL MODEL

(See Figures 6.1, 6.3, 6.5, 6.7, and 6.9)

When the total number of requests are relatively low for
the CODASYL model, as in Figures 6.1.6.2, and 6.5, increases
in the number of back-ends have the effect of improving

performance. However, the overhead of the additional work
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per back~end becomes significant at B = 6 and addtional

back-ends result in increases time delay. An effect that

does not hold for the other models but does hold for the
CODASYL model is that doubling the workload and doubling the

number of hosts results in greater average time lag.
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Figure 6.11

6.3.2 BERNSTEIN MODEL VARYING HOSTS

The plot above gives the average time lag, ;d' for the
Bernétein model for networks of 1, 2, and 4 hosts. The
Bernstein model is unique among the models studied in that an
increase in hosts to both two and four result in significant
improvements in performance for 1low numbers of back=-ends
despite the consecutive doubling of the workload. The plot
in Figure 6.11 clearly aemonstrates the advantage of adding

multiple hosts using the Bernstein algorithm.
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6.3.3 ELLIS MODEL VARYING HOSTS

Except for the performance at B = 2, the time lag fcr
the Ellis model is ndt greatly affected by an increase in the
number of hosts. A significant trend in the plot is that,
after B = 4, the Ellis model 'steadily increases 1in
performance as the number of back=-ends are added to the

network.
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6.3.4 HYJRID MODEL VARYING HOSTS

19

As indicated in Figure 6.13, the effect of the increase

from one

performance.
effect. The
however, the

an effect on

host to two hosts significantly improves

Adding additional hosts; however, has little
workloaéd per host is constant for each plot;
increzsed worklcad per back-end begins to have

performance for B > 5 and H > 1.
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As seen

in

the

above

figure,
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6.3.5 JOHNSON AND THOMAS MODEL VARYING HOSTS

the Johnson and Thomas

model responds in a manner similar to the Hybrid model as the

number of hosts are varied.

hosts has the most significant effect.

The increase of one host to

two
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6.4 MODELS COMPARED VARYING BACK-ENDS WITH CONSTANT WORKLOAD
PER BACK_END

All plots in the previous sections have been with a
constant workload per host. As discussed in Chapter 5, the
mathematical models were developed by first wvarying the
workload per back-end for the Bernstein model. To examine
the relationship of the parameters, keeping the workload per
back-end constant, a SAS program was used to plot Ed versus B
for each model. The plots are discussed in this section.
Note that in this study only the Bernstein model was
simulated with varying workload per host and constant
workload per back-end. Models other than the Bernstein model
are plotted in this section. The models have demonstrated
that they react to the experimental parameters in a very
similar manner, especially the four models with the same
general mathematical models. To keep the workload constant
at a wvalue that was very close to the average for the
simulations conducted, the workload was computed as follows

for all data reflected in the plots of this section:

£

(3/2) * B

R 15 * B

s =£f * R
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6.4.1 CODASYL MODEL, 1 HOST

As seen 1in Figure 6.15, above, td is related almost
directly to the number of back-ends in the network if the
workload per back-end 1is kept constant. The lag time, Ed'
for the CODASYL model was also closely related to the number

of back=-ends for a constant work-load per host as seen in

Section 6.2.
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Figure 6.16

6.4.2 MULTIPLE MODELS, 1 HOST

The plot above is for a one host network. The Hybrid,
Johnson and Thomas and bBernstein models each respond in a
similar manner as the number of back-ends are increased.
Performance is enhanced as B increases with a constant
workload per back=-end in a one host network. The Ellis model
steadily increases in lag time as B increases. Note that the
low Ed for the Ellis model at B = 2 may be an inconsistency

in the mathematical model, as discussed earlier., due to

insufficient data. The Ellis model reacts more consistently
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6.4.3 CODASYL MODEL, 2 HOSTS

The plot of the CODASYL model above is virtually
unchanged from the plot in Figure 6.15. The CODASYL
algorithm, performs updates after the last request is made in
the job stream and the effect of an additional host is seen

to add little to the efficiency of the modification updates.

19



BEENSTEIN, JOHMNSCN & ThCMaS, FYRRID., AND ELLIS MODELS

73

7 wOST, 562 RODIFICATICMS. Ld% CRIGPITY. 13 REQUESTS PER I BACE-ENGS
7800 »
1
|
|
7500 » .
j I8 ¥
]
i1 8
T200 *
1 [ ]
[} | W
v ) [}
E &%00 + W
n 1 [ ]
| LI |
T i
I 6800 + E L] [ ]
L] i
E 14 1 4 a8
1 E L] ]
L 8300 + ]
] 1 4 L]
& i E L} ]
[} [ ]
I ea000 + d H ]
N ] £ L] 8
[} J H [} E
] i € g [ 1]
1 S700 ¢ JE L] B EE
L | h & EE
L | JE H 1) EE
i ] € L] [} E EE
$ 5400 o 4 L] [} €k
E 1 E H [} EE €
[ I 4 E HH BB EE
o ] J E [ [ ] € EE [ ]
N 5100 + J EE Hh B 8d EE € UL ]
o ! 4 E kH H 28 € EE tk Hr hb
H ] J £E h M L3 -1 EE E " HR N NN
] K] EE “H HH M N B BB B2 & EE EE FH O Hh R WM R LEININ]
800 ¢ J EE W kM v BA 60 BE BB DS €0 BB BO BB 85 B8 BA 88 B8A Bf B8 BJ 44
1 4 EE EE E F FE EE EE 4 4 d
I ) € EE EE EE EE E d 4 d
i 4 - 44
43500 + <44 4
] ad d 444 W9
1 4 4 J 4 4 ddJd
|} 438 4D 4 34 dd dd dD dd 3 )
4300 »
2 3 L3 L} & ? ] 9 10
NURBER CF QALKEMD PROCESSCRS
Figure 6.18
6.4.4 MULTIPLE MODELS, 2 HOSTS
The addition of a second host above changes the plot

from that in Figure 6.16.

in very much the same manner.

back-end, ail models respond better with

back-ends and al) models, at some point,

overhead of adding additional back-ends.

All of the models plotted

are affected by
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the



VOZANMU=F F=E ZEm HFrF ME== NM<P

74

QLasSYL
4 WCST, 30% ROCLFICATICAS, 109 PRICALITY, 15 REQUESTS PERA 2 PALK-END

-
g

B e o ey T e e e s T e o i
n

12600

12000

-
5

§ 5§ § §

.3
8
A

€ cC
¢ cc €C CC €
€C cc

3

3‘ 2 LI 4 T [] L ] i
WUROER OF BACEEND PACCESSCRS
Figure 6.19
6.4.5 CODASYL MODEL, 4 HOSTS
As noted in Section €.4.3, the CODASYL model is affected

little by adding hosts if the workload per host is constant.
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6.4.6 MULTIPLE MODELS, 4 HOSTS
The plot in Figure 6.20 reflects the effects of the
number of back=-ends with four hosts. The td of the Hybrid
model decreases, however, the other three models respond in

essentially tne same fashion as with ﬁwo hosts.
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6.5 EFFECT OF NUMBER OF HOSTS ON THE OPTIMUM NUMBER OF
BACK-ENDS WITH CONSTANT WORKLQAD PER HOST

As noted in Section 6.2, depending on the number of host
machines in the network, a unique number of back=-end
processors can be computed which will give the optimum

response time, t for a constant host machine work load.

a’
This section presents a discussion of plots which graphically
represent this relationship. Using a SAS program the number
of back-ends that provided the minimum time lag for each
model was computed for each number of hosts. An example of
the SAS program used is at Appendix 7. Figure 6.21 and 6.22
are the plots of the optimum numbers of back-ends plotted.
The first figure includes all five models; the second figure
excludes the CODASYL model in order to reduce the range of Ed
on the vertical axis and compare the differences in the
remaining models. As seen in the two plots, the Hybrid and
the Johnson and Thomas models provide the best performance

with fewer back—-ends throughout most of the range as the

workload per host is kept constant.

6.6 SUMMARY OF PLOTS

In Section 6.2 plots of the parameters of the update
algorithms were compared keeping the workload per host
constant. The Johnson and Thomas model and the Hybrid model
perform significantly better than the other models studied at
higher workloads. In Section 6.3 each of the models were

plotted to examine the effect of adding additional hosts as
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the workload per host remain constant. The Bernstein model
improved significantly with the additiion of hosts. The
Hybrid and the Johnson and Thomas model increased in
performance with the increase in one additional host to the
network but were 1little affected when hosts were further
increased. In Section 6.4 the models were compared with the
workload per back—-end constant instead of the workload per
host constant as in previous comparisons. Each model was
similar in that as back-ends were added, performance improved
until the overhead of additional back-ends forced the time
lag to increase.

In Section 6.5 it was seen that for a constant workload
per host, there is & unique number of back-ends that give the
optimum Ed' The Hybrid, Johnson and Thomas, and the
Bernstein models performed best and each performed with
optimum response times at five to six back=-ends as the
workload per host increased. The Bernstein model did not
perform as well as the Hybrid and Johnson and Thomas models

in networks if the number of hosts decreased.

6.7 GPSS STATISTICAL OUTPUT

As seen in the plots of the parameters of the models”
variables in this chapter, each of the five models, at
various specific workloads, demonstrate increased performance
as back-ends are added, then the trend is reversed at an

optimum point and performance is degraded. This degradation
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is due to overhead of the algorithm required to update the
additional data bases. The statistical output of the GPSS
simulations were compared in an attempt to correlate the
trend described to queuing behavior of the models. The
comparison was limited by the data available. Except for the
Bernstein model, statistical output was available for only 2
and 4 host networks. (Data available from the Norsworthy
study of one host networks included mean response times and
standard deviations as listed in his Master”s Report [15].)
Although the statistical data to examine the non-linear
relationships was limited, the following demonstrates that
the number o0f required accesses to the data bases by the
back-end processors may have a significant correlation to the

model”s performance.

Table 6.2
Bernstein Model

BACK=-ENDS 1 HOST 2HOST 4HOST
2 1,050 1,500 3,400
4 800 1,300 2,500
8 500 1,200 3,100

Average Number of Entries of Each
Back—-end to Data Base Queue
(Constant Work Load Per Host)

Note that as the total workload increases, the

back=-end’s entries to its data base also increases. The
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addition of back-ends for one and two hosts decreases the
number of accesses in a near linear manner. The data above
for four hosts 1is of particular interest. Instead of
decreasing in number of data base accesses, the number
increases as the total back-ends increase from four to eight.

For the other models studied, as the number of back-ends
were increased the total number of accesses to each data base
decreased. There was no observed trend where the gqueueing or
the number of accesses to a resource was reversed as in the

Bernstein model’s statistical output.

6.8 ANALYSIS OF THE MODEL“S PERFORMANCE

The mathematical models were developed from fifteen data
samples of the CODASYL model and a total of fifty-seven of
the remaining models studied. Each response time, ER’ is a
mean of six simulations, each with different random number
within the simulation. The data resulting £from over 300
simulations were used to formulate the mathematical models to
describe the model’s performance within a multi~host,
multi-back-end environment. Some of the limitations of the
mathematical models have been discussed previously.

Now that each o©of the relationships plotted have been
discussed, there are some additional limitations that should
be considered. Data was obtained for each of the models at
B =2, 4, and 8. When observing the curves in the previous

sections, it is important to note that where the optimum



82
number of back-ends normally is 5 to 6, the minimum of the
curve was extrapolated without obtaining any data from any of
the models within that optimum range of back-ends. The
optimum B for each model may vary from that presented in this
chapter. Further, the worklocad per host was held constant
for most of the simulations. The plots with a constant
workload per back-end are presented so that the function of
that parameter could be demonstrated and is not as
significant as the plots with constant workload per host.

From the results presented, it is significant that some
algorithms may benefit by adding back-ends and hosts and that
others do not notably improve. Also depending on the
workload of the algorithm, there exists an optimum number of
back-ends in a back-end DBMS. Definite advantages can be
achieved if the optimum number of back-ends and hosts can be
theoretically determined in the design phase of a back-end
DEMS. Hopefully, the results of research in this area of
study will allow designers to better estimate the optimum
configuration of a proposed back-end network.

It would be difficult, based on the results of this
study, to state one algorithm is best because of its
performance in the simulation experiments. As discussed
before, this study indicates where performance may increase
by adding hosts and/or back-ends to the network.

It is helpful in the comparison of the algorithms to

look at factors other than performance.
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The CODASYL model guarantees consistency 1in data base
update but may provide out-dated information during a work
day.

As discussed in reference (15), the Johnson and Thomas
algorithm may result in inconsistency in the data bases.

The Bernstein model has been formally proven and its
performance is comparable to the Hybrid and Johnson and
Thomas algorithms in a multi-host environment. The cost in
memory to maintain clock times for each record must be an
important factor to be considered, particularly for very
large data bases.

The Hybrid algorithm is less complex than the Bernstein
algorithm and performs consistently better than all other
models in this study.

Concurrency of update processing is the primary factor
that appears to enhance performance of a back-end DBMS.
CODASYL s lack of concurrency in updating data bases is cause
for its failure to improve performance by adding back-end
processors. The Hybrid model’s performance is most readily
enhanced by additional back-ends and hosts due primarily to
its ability to maximize the computing power available. The
Bernstein methodology requires significant overhead, vyet
benefits from added back-ends and hosts due to its ability to
be able to efficiently overcome the overhead of the

algorithm.
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Chapter 7
CONCLUSION
7.1 SUMMARY
Using simulation models, the performance of five

consistency algorithms were compared in varying architecture
configurations. The response time o0f each methodology was
measured in relation to the parameters of a varied multi-host
multi-back-end architecture. Because the methodologie;
responded in similar ways to the experimental parameters.,
general mathematical models were able to be formulated to
describe the performance of the models.

The mathematical models were utilized to graphically
demonstrate that optimum architectural configurations can be
estimated, if a constant workload is assumed. The
mathematical models were also used to illustrate that data
base performance is enhanced in many cases by addition of
back=-end and/or host machines to the DBMS architecture. The
trend of increasing performance by adding back-ends to a DBMS
is reversed at a point where the methodologies” overhead
becomes a significant factor in the synchronizing process of
updating the redundant data bases. Workload of the back-ends
was found to be a significant factor in the degree to which
performance could be enhanced by additional hardware.

Performance of the CODASYL model was not significantly
improved by adding back-ends tc the DBMS network. The

Bernstein, Ellis, Hybrid, and the Johnson and Thomas
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methodologies were each enhanced to various degrees by
addition of additional host machines and back-end procesgsors
even though the workload remained constant. Based on the
proposition that architecture of a back-end DBMS should be
designed based on heavy workload per machine in the network,
configurations can be designed in a back-end DBMS to optimize
performance in an environment that provides the benefits of
concurrency of updates and the security of redundant data

bases.

7.2 FUTURE CONSIDERATIONS
7.2.1 MATHEMATICAL MODELS

As discussed in previous chapters, the original purpose
of this study was to measure the effect of multiple hosts on
a back-end DBMS using simulation models. During the analysis
phase of the experiment, general mathematical models were
developed. The mathematical models are not robust and, in
fact, are very limited in the range of parameters that can be
used to express performance of the consistency models. A
significant finding of this study is that general
mathematical models can be developed to describe a
methodology as complicated as the models studied. The
parameters that must be tested to adequately measure the

effect on the models are as follows:
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Workload per back-end
Performance of the models adjusting
the number of back-ends
==near the optimum number of
back-ends (approximately 6)

=~for large number of back=-ends
{ > 10).

Modification (percent) varied
during heavy workload

Priority (percent) varied
during heavy workload

Additional data to adequately test the above parameters would
allow general mathematical models to be developed that are
capable of becoming a design tool rather than a means of

describing experimental results.

7.2.2 Real System Performance

The mathematical models developed in this experiment
could perhaps be refined and validated by obtaining
comparable response times from actual operating back-end DBMS
networks. In this way the models may be able to be of
utility in examining working systems and proposing

improvements in the network architecture.

7.2.3 Simulation Model Measurement
A perhaps less costly method of measuring performance of
the simulation models than the method used in this study

would be to mark individual requests when entering the
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network and time required to process the request to
completion. An advantage to this approach 1is that large
amounts of data could be obtained from one simulation
program; for example, the frequency of input requests could

be varied during one simulation.

7.3 ROUND-ROBIN METHODOLOGY PROPOSAL

As a possible alternative consistency algorithm. the
following model is proposed for consideration by future
researchers. The round-robin update algorithm is represented
in the network in Figure 7.1 and in the simulation flow chart
in Figure 7.2.

Only one back-end is designated as primary. When query
requests are received in the network, they are randomly
assigned a back-end which responds to the request. However,
if the request is to modify the data base, modifications are
randomly sent to a host, but, after raising priority of the
request, are transmitted to the primary back—-end. The flow
of updating is in an established order from the lowest
numbered back-end to the highest-numbered back=-end.

When an update request is sent to the primary back=-end,
the request 1is placed in the modification table of the
back~-end. If the record to be modified is currently being
modified by a prior request, the request waits in a queue
until continued. When continued, the back~end (1) sends a

copy of the update request to the next back-end in the
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network, then (2) proceeds to update the primary data base to
completion. Modification requests waiting to update the data
base are continued prior to the reguest terminating. The
update procedure described at the primary back-end is
continued for the remaining back-ends.

The expected advantages of the described algorithm are:

(1) Clock times are not required because update
requests are always sent in the same order and
requests are not able to get out of sequence.

(2) Delays for voting are unnecessary.

(3) Concurrency is enhanced because update requests
are sent to the next data base prior to the
update of the current data base.

(4) If a back-end is nonoperational, the
modification regquests may easily be stored until
it becomes operational without losing
consistency in the data base.

(5) Each back-end in the network sends an update
regquest to only one other back-end. Permission
is not required from any back-end to send the
request.

(6) The Round~Robin algorithm allows the designer to
specify the order in which the data bases are
updated. A hierarchical organization, such as a
military force structure, may prefer this
algorithm because the order in which each data

base is updated may be critical--particularly
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during crisis situations when workload may peak.

(7) Unlike other algorithms, it is possible for all

back=-ends to be performing an update on the same
record concurrently.

During analysis of the performance of the five
methodologies of this study, it was noted that adding
back-ends normally increased performance; however, the trend
would reverse when overhead of the methodologies became
significant. A major part of the overhead was due to one
designated primary back=-end communicating with many
back-ends; the larger the number the greater the overhead.
Poor performance is predicted for the methodologies studied
in this report if a great number of back-ends (over 12) are
added to the networks. Alternatively, as back-ends are added
to the Round-Robin network, the performance is expected to
decrease to a steady value and not lose the gained
performance at high wvalues of B. There 1is additional
workload only for the last back-end in the network as an
additional back-end is added.

The overhead of the proposed algorithm is similar to the
Hybrid algorithm studied in this report; modification tables
are required at each back-end. The primary difference is
that instead of waiting for a back-end partition to be free
as in the Hybrid algorithm, the update requests are sent

immediately and always in the same direction in the network.
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INCRE VARIAPLE FHT+1
BECNL VARIABLE 10%#PH5+PHi 3



HCBE VARIABLE
PRIOR VARIABLE
# 503 UPDATE
TYPE FUNCTION
«50,0/1.00.1
TERM FUNCTION

«1251017.25,102/.375,1037,5,104/

RECRD FUNCTION

FFLO+PES
PFL3+2

RM2.C2
RN2Z2,D8

RN2,N10

62541057 ,75, 106/ .875,1C7/1.0,1G8

210417 .20027.30437 24004725045/ :60+6/.70:7/.8C48/.9Ce5/1.Cs1D

REQNO FUNCTICHN

RN2,D1G

10417220027 23004/ .6005/25007/460+9/.7Co117.8Co12/.9C+1371.00,14

LNGTH FUNCTICN

+90+128/1.00,256

RN2,D2

* 90% FIT IN CNE BUFFER

BEDEV FUNCTION

PH5.D8

BE TO CEVICE CHANNELS

Lo11£2.22F3:43374.447/5,55/6.,66/7.7778.88

USREC FUNCTION

AN2.09

# OF REQUESTS BY A YSER

«1001/.20:3/.4065/45747/.60,5/.70:4117.80,13/.90,15/1.00,17

*
ANDM  FUNCT TN

EN2+C4

«2541745e17a75,42/1.0:2

RNDM2 FUNCTICN

RN2.0C4

«25,111/7.50,1127.75,113/1.0.11%

HOSY FUNCTION

PH10,D4

111,150/112,3160/113,170/114.1EC

PRIOR FUNCTIUN

«9sl/1.0,.11

*
INITIAL
INITIAL
INITIAL

GENERATE
ASSIGN
ASSIGN
ASSIGN
ASSIGN
ASSIRN
ASSIGN
ASSIGN
ASSIGN
QUEUE
SEIZE
DEPART

MORE ADVANCE
ASSIGN
ASSIGN
ASSIGN
ASSIGN
ASSIGN
ASSIGN
PRIORITY
ASSIGN
ASSICN
QUEUE
SELZE
DEPARY

RN2,.D2

EAELE L L S

XH1-XH8,0
XFl-XFEsC
¥{11l-XH1E.Q

10% HIGHER PRICRITY REQUESTS

(AL L L LD

INITIALIZE SAVEVALUES 1-10 TC ZEFO

INITIALIZE XF1-8 -TC ZEFC

INITIALIZIE SAVEVALUES 11-14 TQ ZERQ

757¢5Cs:3Gss i5PF, i5PH GENERATE 30 TRANX | PER 3/2 SEC

1541.PF
6'2.9"

14 FNSTERV,PH
B.FRSUSREQ.PH
11,50000,PF
12 .50900,PF
13:5.Pn
14.5,PH

PH1

PH1

PHL

1000,5¢C0

2 .FNSREQMNO.PF
34FNSLNGTH.P K
4o FNSTYPE,PH
6:24PF

8-4s14FH
L3,FNSPRIOR, PF
PF13

10, FNSRNDM 2, PH
10.FNSFOST (PF
PHI10

PHIO

PH10

KUMBER CF HCST CPU'S IN THE SIMULATION
NUMBER CF BACKEMDS [N SIMULATICA
ASSIGN TERMINAL # IN PHI1

- STORE # OF YSER'S L({MMANDS IN PHE

TRANSMISSICN SPEED 7O CHANNEL
TRANSMISSICN SPEED OF CHANNEL
ADVANCE TIME FOR HINT CR BIMNY
AOVANCE TIME FOR MESSAGE SYSTEM
QUEUE FCR TERMIMAL
SEIZE THE TERMIMAL
DEPART CUEUE FOR TERMINAL

PAIN LCCP FUF USER RECUESTS

TIME TAKEM VYC TYPE REQUEST
ASSIGN # OF I0 RECUESTS [N PH 2
LENGTH CF EUFFER TRANSMISSICN
ASSIGN LPDATE CR READ

PRIMARY/SECGMNCARY UPDATE COCE.INIT 2 CR READ

DECREMENT # CF RECUESTS MACE BY USER
ASSIGN THE RECQUEST A PRIGRITY I OR 11
ASSIGN A PRICRITY TO THE QEQUEST
RANDUMLY SELECT A HCSV CPU ChANMEL

ASSIGN THE REQUEST TO CPU OF HOST CPU-TERMIN.

FTERMINAL - HGST CHANNEL
LEAVE CUEUE FCST-TERMINAL CHANNEL



L AR

LOCPA

FULL

BECE

BEGIN

REQ]

ADVANCE
RELEASE
QUEUE

SEIZE

DEPART
ADVANCF
ADVANCE
TEST E
ASSIGN
ASSIGN
ASSIGN
ASSIGN

VSTRMML LINE TRANSFISSICN

PH10 RELEASE THE FCST CPU-TERMINAL CHANNEL
PF10 QUEUE FCR THE ASSIGMNEC HGST CPU
Prio SEIZE +CST CPL

PF1Q LEAVE THE CUEVE

PH13 HINT

PH14 HMESSACE SYSTENM

PH4,1,%¢2 IF UPCATE MARK PF6 4 1

& 1,PF :

2+FLSRECRD.PF MAKE RECORC ASSIGNMENT

3,L1.PF MAFE CLCCK TIME ASSIGAMENT
5414FH

CHECX FOR A FREE MACHINE

RELEASE
ASSIGN
QUEUE
SEILE
DEPARTY
ADVAKCE
ADVANCE
GATE SHE
RELEASE
QUEUE
SEIZE
DEPART
ASSIGN
TEST LE
TRANSFER
ASSIGN
ADVANCE
RELEASE

PF10 FREE HCST CPU

La,VEhGdE.FF SELECT A NCST-BE CHANMEL

PF14 WALT IN THE SELECTEC ROST CPU-BE CHANNEL CUEU
PV 14 SEIZE HOST-BE CHAMNEL

PFl4 GEPART THE QLEUE

VSCHANL

1 TIME TAKEM TC CHECK IF FREE

PHS5, EECH GO TO BEOB IF BE FREE

PFi14 RETURM THE CFANMEL

PF10Q

PF10Q SEIZE +CSTY CFU

PF10

S5¢¢1,Ph

PH5 s PH6 . FULL SEND TO FuULL IF ALL BE'S ARE BUSY
«LCCPA

5. FNSRNDH, PH KANDOMLY ASSIGN BE MACHINE

1 ASSIGMNMENT T IME

PFl0 "RELEASE HCST CPU

BACKEND FAS BEEN SELECTED

ASSIGN
QUEUE
SEIZE
DEPART
ADVANCE
RELEASE
SAVEVALUE
ASSIGN
ADVANCE
QUEUE
ENTER
DEPART
TEST E
PRIORITY
SEIIE

14 .VSHOBE, FF SELECT 2 hOST-BE CHANNEL

PF1l4

PFl4

PFl4

VICHANL

PFl4

PH1,0.XF INITIALIZE THE SAVEVAL USED IN VOTEA
1,VSPLUS PF PLACE VALUE CF VARIABLE IN PF1
PH13 BINT

PHS QUEUE FCR BE FARTITICA

PhS ENTER BE PARVITION

PHS

PH4, 1,%+2 CHK IF LPCATE

VSPRIOR

PHS SEIZE BE CPU

ENTER RECUESTS IN MODIFICATICN TABLE

SAVLVALUE
ASSIGN
TEST NE
TEST NE
TEST NE

PHS+, L4 XH INCREMEAY # CF RECUESTS MADE

S XhePES ,PF STORE LAST PCINTER NUMBER IN PFS
PHS,1+CNE OETERMIME BE YCU ARE REQUESTING ON
PH5,2, TWO SO YCU CAN UFDAYE APPRCPRIATE TABLE.

PH5,3.THREE



-

FOUR

THREE

TWO

ONE

SKIP1
VCTE

LABL

LCcCPe

FINIO

READL

TEST NE
MSAVEVALUE
MSAVEVALUE
MSAVEYALUE
MSAVEVALUF
TRANSFER
HMSAVEVALUE
MSAVEVALUE
MSAVEVALUE
MSAVEVALUE
TRANSFER
MSAVEVALUE
MSAVEVALUE
MSAVEVALUE
MSAVEVALUE
TRANSFER
HMSAVEVALUE
MSAVEVALUE
MSAVEVALUE
TRANSFER
ADVANCE
TEST &
TEST E
ASSIGN

PROCESSING OF

TEST NE
TEST NE
RELEASE
QUEUE
SEILE
QEPART
ACVANCE
RELEASE
TEST NE
SEIZE
ADVANCE
ASSIGN
TRANSFER

PHE, 4, FOUR

4o XH%4 o 14 PHZ, BH
4sXH5,2,PF24 FH
4aXF4, 14 PF3, MX
4 oPF9.1,1.MB

» SKIPL
3¢XH3 41 PH2, MH
A4XA3,2,FF2. FH
B XHE5¢ 1 PF3, MY
3,PF9,1.1.,M8
SKEIPL

2y XH24 L FHZ4 8H
2eXH2,42,FF2, MH
2vXAH2, 1,PF 3, MX
2+PFSy1+1+M8

v SKIPI
LeXb1ul,PhdyMH
L-ABL,1+PF3,MX
1,PF9;1.1,¥B
SEIPL

1

FH&, 1, %¢2
FF&:3,UPLCTL

7' GEPH

Pr2.PHT,FINIO
Pri4el %42
PHS
FNSPEDEV
FNSBECEY
FNSBEDEV
52
FNSBEDEY
PH& g L, %+ 2
PHR

1

7+.1.PH
«LOCFS

IGC CCHPLETED

TEST NE
YEST E
SAVEVALUE

PF5,0,UPDTZ
PF6.1,READIL
PFI+.1,XF

STORE
STCRE
ST IRE
HapK

THE MUMEER OF 10 REQUEXTS
THE RECCPD NUKEER

THE ABSCLUTE CLGCK TINE CF
RECUEST AS PENCING

UPOATE REC

1HE NUMBER OF 10 REQUEXTS
THE RECCRD NUMEBER

THE ABSCLUTE CLCCK TIME CF
RECUEST AS PENLCING

STCRE
STCRE
STGRE

MARK

UPDATE REQ

THE KUMEER OF IO REQUEXTS
THE FECCRC NUMEER
THE ABSCLUTE CLCCK TIFE CF
RECUEST AS PENDING

STORE
STORE
STGRE

MARK

UPCATE REQ

THE NUMBER CF 10 REGUEXTS
THE LBSCLUTE CLOCK TIME CF
RECUEST AN PEANCING

STERE
STURE
MARK

YPODATE RECQ

TIME TAKEN TC WRITE TO TABLE
IF NGT AN UPCATE, SkIP 2 LIMES
IF PRIFARY UFLCATFE GG 10 UPCTL
PHT IS A CCUNTER

ID REQUESTS

IF ID COCNE GC TC FINIC
IF LPCATE LCN'T RELEASE CATABASE
RETURN BE CFL

SEIZE BE CEVICE FCR IC

TIME FCF EACF IO

RELEASE DEVICE

I¥ UPDATE, BE 1S ALREADY SEIZED
SEIZE BPE CPU
_PROCESSING TINE

INCREMERT CCLNTER

IF SECCNDARY UPCATE GC TO UFDT2
IF NOT A PRIMARY UPCATE, SKIP ARDUND
RELEASE THE SECUNCARY KFOOIFICATIONS

RETURN INFORMATICN TO THE HCST ANC TERMINALS

MSAVEVALUE
ADVANCE
RELEASE
LEAVE
QUEUE
SEIZE
DEPART
ADVANCE
AOVANCE
RELEASE
CQUEUE

PH5,PFS, 1,0, MA
FH13
PES

PHS
PFl4
PFl4
PFl4
VECHARNL
PH14
PFl4
PF10

MARK RECUEST AS BEING COMPLETE
BINT

LEAVE PARTITIIN IN BE
WAIT FCFf RCST-8F CHANMEL
SEIZ2E HCST - BE CHAMNEL
MESSAGE SYSTENM

QUELE FCR FCST CPU



L 4

uPDIl

UPCT2

SKIPS

SKIPs

ELSE

Looenm

THERE

VOTEA

PREEMPT PF10,PR PREEMPT ThE FLST CPU

DEPART PF 1O

AOVANCE PHI3 HINT

RETURN PF10

QUEUE PH10 WALT FCR CPU-TERMINAL CHAMMEL
PREEFFY FH10.PR

DEPARTY PHIO

ACVANCE VSTRMNL

RETURM FHI10

TEST E PHB,0.HORE MCRE RECUESTS B8Y THIS USER?

RELEASE PH1
TERMINAYE 1

ROUTINE CALLED FCR HMODIFICATION RECUESTS

TEST MNE PF&,laSKIPE SKIP SECTICN [F FRIMARY UPLATE
HSAVEVALUE PHISXh®FH15,1,0,M38 MARK PECLEST AS CCOMPLETE
LEAVE PHS LEAVE BE PARTITIGN

RELEASE PHS

ASSEMBLE VEMINUS ASSEMBLE ALL SECCMCARY UPOATES

SAVEVALWE PFl.0.XF
TERMINATE ©

ASSIGN T+1,PH A CCUNTER

TEST LE PH7.,PH&.VOTIN IF COuNTR GT # CF BES, GG TC VLTEIN

TEST NE PHT o PHS, ELSE

ASSIGN 154PHTPH CATERMIMNE & CF EE TC BE UPCTEC

TRANSFER e¥#3

ASSIGN TreloPr

TRANSFER SKIPS&

ASSIGN T+e14PE INCREMEAT CCLNTER

SPLIT lsee2

TRANSFER «SKIP&

QUEUE VSBECHL QUEUE FCR BE YO BE CHAMNEL

SEIZE VSBECNL SEIZE THE BE 10 BE CHAMNEL

OEPART V$BECNL LEAVE TFE BEE TO BE CHANNEL QUEUE
ADVANCE VECHANL TIME TAXKEMN TC SEND PESSAGE ACRGSS THE CHANNEL
RELEASE VSBECHL FREE THE BE TL BE CrHANMEL

ASSIGN 5+ XH#*PHL1 5, PF ASSIGN INTC FFS # OF LAST ENTRY IN TABLE

SEARCh MCDIFICATION TABLE

FEST KE PFS5,0,VOTEA IF THERE ARE NC ENTRIES WCTE ACCERTY

TEST L HX*PHS (PFI,1 ¥, MAX+PHISIPFE, 1) VLTEA TIMESTAMP LESS-VGYE ACPT
TEST NE MHPHS(PF9,2)  MH*PHISIPFS,2) , THERE IF RECRC # OIFFRENT-LOOP
ASSIGN 5~41.PF DECREMENT TABLE PCINTER

TRANSFER yLCOPH

TEST NE MBAPHLSIPFS. 1) 40 VGTEA If RECUEST PENCING - wWAIT
ADVANCE 5 TIHE OLT 5 MSEC

TRANSFER « THERE

ACVANCE 1a VOTING TIME

QUEUE VSBECNL QUEUE FCR BE TO BE CHAMNEL

SEIZE VSBECNL SEIZE THE BE T1C BE CHAMNEL

DEPART VIBECHL LEAVE TFE BE T0) BE CHANNEL QUEUE

ADVANRCE ¥HCHANL TIME TAKEM TC SENL PESSAGE ACRCSS TrE ChAMNEL

HELEASE VSBECNL FREE TrE BE YC BE ChANNEL



VOTIN

SAVEVALUE
TEST E
ADVANCE
SAVEVALUE
AOVANCE
TEST E
QUEUE
SEIZE
DEPART
ADVANCE
RELEASE
ASSIGN
ASSIGN
QUEUE
ENTER
DEPART
TRANSFER
SAVEVALUE
TEST E
TRANSFER

START
END

PHL+,1.XF
XFePHT P H&

1
PFL#,s1.XF
10
XF*PFLl,PH&
VS$BECNL
VSBECNL
VSBECNL
VSCHANL
VSBECKNL
5,PH15.PH
6.0.PF

PHS

PHS5

PH5

+BEGIN
PH1#,1.XF
XF®PHL,PFE
»LABL

L]

INCREMEAT VCTE TALLYLER

HOLD TILL ALL VCTES CCLNTED

DELAY NEEDEC TO ASSEMBLE THE REQUESTS
INCREMENT # (F SECCADARY NCCS READY

TIME TAKEN TC *WRITE' CK MESSAGE

WALTY FCR PRI¥ARY NMCD FINISHEO{SEE FINIO}
QUEUE FCR BE TO BE CHAMNEL

SEIZE THE BE TO BE CHANMNEL

LEAVE ThE BE TO BE CHANNEL CUEUE

TIME TAKEN TG SEND MESSAGE ACRGSS THE CHANNEL
FREE THE BE TC EE CFRAMNEL

ASSIGM BE # IMNTLC FHS

MARK AS SECOMNCARY UPDATE

CUEUE FCR BE PARTITICA

ENTER BE PARTITION

GC TO EEGIN ZMD BEGIN SECCMCARY UPDATING
INCREMENT VOTE TALLYIER
HCLD TILL ALL VCTES IN
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REALLOCATE FAC,200,QUE,200,FS5Vs04sHSV, 1CoEVR,0,CHA,C,B5Y,0
REALLCCATE STO«104VAR,10.,FUN:L5:TAR+0.BLC(170,L0G,50,CONM,13¢20
SINULATE

COCASYL MODEL
MODEL CF 2 HOST CPU'S, 8 BE*S., 5C% UPCATES, £ LOY PRICRITY

L] ENTITY DEFINITICNS
PARANETERS

s%  ENTITY DEFINITICNS

PARAMETERS
PH1: TERMINAL ASSIGKMENY NUMBER
PFl: HALFWORD SAVEVALLE WHOSE NUMEER IS 10+4FHS
PH2: NUMBER OF 1/0 REQUESTS NECESSARY FCR EAChH LSER RWGQUEST
PH3: SIJE OF MESSAGE EUFFER
PH&: MARKED 0 [F READ REQUEST
1 IF FRIMARY UPCATE REQUEST
2 IF SECCMDARY UPLATE RECUEST
PF4: MARKED O IF LPDATE REQUEST KAS AC1 BEEM SPCCLED
I IF UPCATE REQUEST FAS BEEN SPCOLED
PH5: IC NUMBER CF THE BACKEMD MACKINE EELIMG USEL
PH6: NUMBER CF PBACKEND MACHINES LSED IN THE SIMULATICH
PHT: A CCUNTER
PFT7: LAST TRANX NLMEER
PHB: NUMBER CF RECUESTS MADE &Y THE LSER
PH9: CHANNEL 10 USEC BETWEEN TWC EACKENC PACHINES
PH10: 1D NUHMBER OF TERMINAL TO HCST CHAMNEL
PF1C: MUMBER CF HCST CPU
PF11: TRANSN1SSION SPEED 7O CHANMEL IN BITS/SEC
PF12: CHANNEL TRAASKFISSION SPEEC IN BIVS/SEC
PH13: TIME USED BY FIANT OR BIAT
PF12: PRIORITY CF REQUESTS
1 IF MOFMAL REQUESY
11 IF HIGF PRIORITY REQUEST
PH14: TIME USED BY THE MESSAGE SYSTEM
PFl4: ID NUMBER OF FOST CPU-BE CFANNEL
PH15: 1D NUMBER OF THE BE THAT THE SECCMDARY UPCATE 1S SENT TO
PF15: NUMBER OF HCST CPU'S IN THE SIMULATICM KRODEL

STORAGES REPRESENT PARTITICNS IN EACH EACKENLC
FACILITIEES

1 - 8: CPU'S CF THE EIGHT BACKENC'*S
11,22¢22454455,€6,77,88 : CHANNELS FRCM BACKEMND TO CEVICE
12->18: CHANNELS FRCM BE1l 70 BE2,...sBES
21923 ¢...28: CHANNELS FRCM BE2 TC OTHER BE*S,RESPECTVIVELY
101->108: TERMINALS CONNECTED TC HCSY

CEFINITICNS
UPCAT1: PRIMARY UPDATE
UPDAT2: SECCNDARY UPCATVE
LAST: RCW OF MATRIX LAST USED IN LPCATING
CURRENT: NUMBER OF UPDAYES SPCGLEC TC THAT BE

HALFWORD MATRIX



* 1z MOOIFICATION TABLE FOR PRIMARY BACKEND
*
1 MATRIX MH,400,1
]
®  STCRAGES REPRESENT PARTITICNS IN EACH EACKEAC
STORAGE $1-58,2

TRNNL FVARTABLE PR3%8/FF1141C00

CHANL FVARIABLE PH3*8/PF12%1000

LAST VARIABLE  10+PFS

INCRE VARTABLE  PHT ¢l

BECNL VARIABLE  10%#PHS+PH1S

HCBE VARIABLE  PF10+PFS

PRIOR VARIABLE  FF1342
L] $9% UPDATE kLR RS RN EREE AL SRR R R AR RN ]
TYPE FUNCTICN  PN2,D2

<50,0/1.0C,1

TERM FUNCTION RN2,08

«125.1C01/.25.,102/.375:193/.5.,1047/.625+1C5/.75:1C67.875.1€7/1.0,1C8
RECRD FUNCTICN RN2,CL0

10217420927 230037/.60447o5Ce57 60067 .TCa17.BC.E7.5C45/1.C10
REQNO FUNCTICN RN2,C10
«l0s1/420427/.30,6/.40,5/.5C,1/.6Ce5/.7C+117/.6Cal2/.90,137/1.00.14
LAGTH FUNCTICN RN2.L2

«90,128/1.00,25¢

% 90% FIT IN ONE BUFFER

BEDEV FUNCTICN PH5.C8 BE TO CEVICE CHANNELS
101172422/34323/4044/545576.667/T.77/8.8F

USREC FUNCTICN RN2,CS # OF RECUESTS BY A LSER
210017020237 .4005/.5007/26049/702117/.80,13/.90,15/1.20,17

*

ANDM  FUNCTICN RNZ,C8

1280170254243 75:37/.514/.€25:57a75,6/.815,7/1.0,8
RNOM2 FUNCTICN RN2.04
«25:1117.50,1117.75.11271.0,112

HOST FUNCTICN PH10.,04
111,150/112,160/113,170/114,18¢C

PRIOR FUNCTION RN2,C2

+9.171.0.11 hAL L ELEL R L 2 2 10X HIGh FRICGFITY REQUESTS »*sisinse

.
GENERATE 750+50,430+¢15PF,15PH CENERATE 30 TRANX 1 PER 3/4 SEC
ASSIGN 13,FNSPRIOR, PF ASSIGN THE RECUEST A FRICRITY L OR 11
PRICRITY PF13 ASSIGN A PRICRITY TC THE REQUEST
ASSIGN 15,24PF NUMEBER CF HCST CPU'S IN THE SIMULATICN
ASSIGN 6+84PH NUMBER CF PACKENDS IN SIMULATICN
ASSIGN L+FNSTERF,PH ASSIGN TERMIAAL 4 IN PRI
ASSIGN 8,FNSUSREQ,PH STCRE # OF USER"S CUMMANDS IN PKB
ASSIGN 11,50000,PF TRANSMISSICN SPEED 710 ChHANMNEL
ASSIGN 12.50000,PF TRAMNSMISS ICN SFEED LF CHANMNEL
ASSIGN 13+54PH ADVANCE TIME FCR HIAMT (R EINT
ASSICN 14.,5.,FPH ACVANCE TIME FOR MESSACE SYSTEM
SAVEVALUE 9+¢,1.XH INCRENEMT USER CCUKNTER
QUEUE PHIL QUELE FOR TERMIMAL
SEIZE PH1 SEIZE THE TEFMINAL
SAVEVALUE S+,1,XH
TEST E XH5,30,%+2 IF TH1S IS THE LAST TRANSX, MARK IT
ASSIGN T+14+PF MARK AS TFE LASYT TRANSACTICN
DEPART PH1 DEPART CUEUE FCR TEFMINAL

*

» MAIN LOCP FCR LSER REQLESTS



L2

» % » 8

MORE ADVANCE 1300,500 TIME TAMEM TC TYPE RECUEST

ASSICN B-41.PH DECRENMEMT 4 (F FECUESTS MACE BY USER
ASSIGN 2 +FNSREQAC 4PH ASSIGN 4 OF 10 RECUESTS IN PH 2
ASSIGN 3 FNSLNGTH ,PH LENGTK CF BUFFER ITRANSFISSICN

ASS5ICN 4, FNSTYPE,FH ASSIGN LPCATE CR READ

ASSIGN 10.FNSRNEMZ2, PH RANCOMLY SELECT A& HOST CPU CHAMKEL
ASSIGN 10.FNSHCST PF ASSTGN THE RECUEST YO CPU CF HCST/CPU TERNMINA
CUEUE PH10

SEIZE PH1O TERPINAL - KIST CHARNEL

DEPART PHLO LEAVE GULEUE RCST-TERMIMAL CHANNEL
ADVANCE VSTRMNL LINE TRANSHISSICN

ADVANCE VECHANL

RELEASE PELQ RELEASE THE FCST CPL-TERMINAL CFANNEL
QUEUE PF10 CUEUE FER THE ASSIGNEC wOST CPU

SEIZE PF10 SEIZE HLST CFU

CEPAFT PF10 LEAVE THE CLELE

ADVANCE FH13 HINT

ACVANCE PH14 MESELAGE SYSTEM

ASSICGA SelsPH

TEST NE PH4, 1, ASIGN [F LPLATE GC TC ASICGN FOR ASS IGNMENT

CHECK FOR A FREE MACHINE

LCCPA RELEASE PF10 FREE +CST CPL
ASSIGN 14,V$HCBE. FF SELECT 2 HOST-BE CHANMEL
QUEUE PF1a WAIT IM THE SELECTEQ HCST CPU-BE CHANMEL CUEU
SEIZE PF14% SEIZE FCST-BE THANNEL
DEPART PFl4 DEPART THE CUEUE
ADVANCE V$CHANL
ADVAMCE 1 TIHE TAKEN TC CHECK IF FREE
GATE SNE PH5,BEDB GC 7O EECE IF BE FREE
RELEASE PFl4 RETLRN THE CHANMNEL
QUEUE PF10
SEIZE PF10 SEIZE HCST CFU
DEPARTY PF10Q
ASSIGN S5+41.PH
TEST LE PHS,PHE.FULL SEND TC FuLL IF ALL BE*S ARE BUSY
TRANSFER +LCGPA
FULL ASSIGN 5. FNSRANDH, FH RANCOFLY ASSICN BE FACKINE
ASIGN ADVANCE 1 ASSIGAMENT TIME
RELEASE PF10 RELEASE HCST CPU
BACKEND HAS BEEN SELECTELC
ASSIEN 15,VIHOBE, PF SELECT A HCST-BE CHANMEL
QUEUE PF14
SEI1ZE PF1l4
CEPARTY PF14

ADVANCE VECHANL
BEDB RELEASE PF 14

ADVARCE PHEZ BINT

QUEUE PHS5 . CUELE FCR EE FARTITICN
ENTER PHS ENTER BE PARTITICA
DEPART PH5

TEST E PHG,1.,%¢2

PRIORITY VS$PRIOR

SELZE PHS SEIZE BE CPU

ASSIGN Te0ePH PHT 15 & CCUMTER



*
]

* % % w4

+*

- »

* »

LCOPE

FINIC

SKDUP

FINUP

READ

PROCESSING OF 10 REQUESTS

TEST NE PH24PETFIMIC If 10 CCNE €C TC FINIO

TEST KNE PH4,1,%+2 IF UPCATE CCA'T RELEASE DATABASE
RELEASE PHS RETURN EE CPL

CQUEUE FN$BEDEV

SEIZE FN$BEDEV SE1ZE EE LEVICE FCR ILC

DEPARY FNSEEDEV

ADVANCE 52 TIME FCF EACH IC

TEST E PH&s 1y %44 IS REQLEST A FRIMARY UPCATE?
TEST KE PF4sl,943 +AS THIS UPCATE ALREALY BEEN SPCOLEO?
ADVANCE 30 IF MOT, SFCCL THE UFCATE

ASSICN 4, 1.,PF MARK THE LPLCATE AS SPCCLED
RELEASE FNSEBEDEY RELEASE CEVICE

TEST NE PHGo 1o ¥+ 2 IF UPCATE. BE IS5 ALREADY SEIZED
SEIZE PH5 SEIZE BE CPL

ADVANCE 1 PRCCESSING TIME

ASSIGN Tey 1,PH INCREMEMT CCLATER

TRANEFER JLCCPB
IO COMPLETED
ENTER MODIFICATIOM RECUESTS IN THE PCCIFICATICN TABLE

TEST NE PH&,1,UPLT ] IF UPCATE, GC TO UPCTI-CHAKNCE TABLE
TEST E PH4.2,READ IF CUERY CNLY CCMFAND, GO TC READ

RECUEST 1S A SECCNCARY MODIFICATICN
RELEASE PHS
LEAVE PHS RELEASE ThE EE PARTIVTICN
TESY € S*PHS,0,LPOT 2 IF BE FARTITICN EFPIY GC TC UPLATES
TERMINATE o©

RETURN INFORMATICN TQ THE HCST AND TERNMIMALS

ADVANCE PH13 BINT

RELEASE PHS

LEAVE PHS LEAVE PARTITICN IN EE
QUEVE PFl4 WAIT FCR FCST-BE CHANNEL
SEIIE PFl4 SEIZE +CST - BE CHAMNEL
DEPARY PFl4

ADVAMNCE VSCHANL

ADVANCE PHL% MESSAGE SYSTEN

RELEASE PFl4

QUEUE PF10 QUEUE FCR KCEY CPU
PREEMFT PFL10.PR PREEMPT TFE FCST CPU
DEPART PFIC

ABVANCE PH13 HINT

RETURR PF10

QUEUE PH10Q WATY FCR CPU-TERMINAL CHAAMAMEL
PREEMFT PH1G.PR

OEPART PHLQ

ADVANCE VETRRMNL

RETURA PH1O

TEST E PH8,CMORE MCRE RECUESTS BY THIS USER?
RELEASE PH1 RELEASE CCCLPIEC TERMIKAL

IF LAST USER, BEGIN SECCNCARY UPCATES
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END1
END2

urPDT1

- ®* 8

ONE
skipt

ueT2

LPDT2

Lcurc

ELSE
SKIP2

TEST E PFT.1.END1

TRANSFER yUPTZ IF LAST TRAMX, SENC SECCNDARY MO
TERMIMATE 1

TERMINATE O

AODD RECUESY 7O MOCIFICATICN TABLE

SAVEVAIUE PHS4,1,XH INCREMENT # CF UPDATES SPCCLED
MSAVEVALUE Ll.XHl,1,PH2,MH STORE THE NUMEER OF IC FECUESTS
ADVANCE 1 TIKE TA®EM TC WRITE TC TABLE

TRANSFER +REALC
RCUTINE CALLED FCR SECCNCARY MCOIFICATICMA RECUESTS

SAVEVALUE 24,1.XH

ASSIGN T+04PF

ASSICN 5+1.PH

TEST L XHZ2 ¢ XH®PHS ,END2 CUCNTINUE IF FENCIANG UFLATES

ASSICN leXh2.PF ASSIGN LPDATE TABLE RCwh ¥ IANTC FF)
SAVEVALUE 2#,1.+XH INCFEMENT UPLT LIST COUNTER
ASSIGN Te14PH

SEND THE SECCNCARY MOTIFICATICNS

TEST LE PHT+PHO,UPLT2 IF COUNTER GT # OF BE GO TC FINLP
TEST ME PH74PHS, ELSE GO 10 ELSE IF CATR = & CF BE
ASSIGN L5+PET.PH DETERMIME W CF BE 1C BE UPCATED
TRANSFER WSKIP2

ASSIGN T+u1.PH INCREMEMT CCUNTER

TRANSFER +LOOPC

ASSIGN G+VSBECNL, FH

ASSIGN T+s14PH INCRENEMT CCUATER

AOVANCE 4000 40C0O MSEC PAUSE EETWEEN SENDING CF UPDAYES
SPLITY 1.L00PC SEND Cul ANCTHER UPLATE TCL NEXT BE
QUEUE PHS

ENTER PHS

DEPART PHS

SEIZE PhS

ADVANCE PH13 | BINT

RELEASE PHS

LEAVE PH5

QUEUE PH9 QUEUE FCR CHAMMEL EETWEEN 2 BE'S
SEIZE PH9 BE TO BE CHAMNEL

DEPART PHS

BOVANCE VECHANL

ADVAMCE PH14 MESSAGE SYSTEM

RELEASE PHS

QUEUE PH15

ENTER PH15

DEPART PHLES

SEI1€E PH1S

ADVANCE pPH13 BINT CN NEXT FE

ASSIGK 492¢PH CODE UPCATE 25 SECCMDARY

ASSIGN T«04PH COUNTER

ASSIGN 2sMHE*PHS (PFL,.1).,PH ASSIGAN IMRTO PH+2 THE # CF I0 REQ
ASSICEN 5¢PHLS5PF ASSIGH PH1S IMIC PHS

TRANSFER +LOCFR

NOXREF

END
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L 1

REALLCCATE LSVs0,CRP,CFMS,0,HNS, 1, EMS.CLMS,C
REALLCCATE FAC,200,CUE,220,8LC,250

REALLCCAYE STO.10.XAC 200, VAR,10,FUN,15,TAB+D,CUM,34080
SIMULATE

ELLIS MGDEL
MCDEL CF 2 HCSYT CFU'S, 8 BE'S, 501 UPLATES, £ 10% PRICRITY
ENTITY DEFINITICNS

PARAMETERS

PHI: TERMINAL ASSIGAMENT NUMBER
PFl: HALFWORC SAVEVALLE WHOSE NUMEER IS 104PHS
PH2: NUMBER OF [/C FECUESTS NECESSARY FCR EACh LSER RWQUEST
PF2: MCCIFICATICHN REOQUEST NIMBER
PH2: 51ZE CF MESSAGE EUFFER
PH4: HARKED O [F FEAD REQUEST
1 IF FRIMAFY UPLATE RECUEST
2 TF SECCNKCARY UPCATE RECLEST
PF4: MARKED O IF LPCATE REQUEST #45 NCT BEEM SPCCLED
1 IF UPCATE REQLESY F25 EEEN SPCCLEC
PHE: IC NUMBER CF THE BALKEMND MACKFIME EEIMG LSEC
PHGE: KUMBER [F FACKEND MACHIMNES USEC IM TRHE SIMULATICN
PH7: A COUNTER
PHE: NUMBER OF REQUESTS MADE BY THE USER
PHS: CHANNEL 1D USEC BETWEEN TwC EACKENC MACHINES
PH10: ID NUMPER CF TERMINAL TC EHCST CrAMNEL
PF10: NUMBER CF HCST CFL
PF1ll: TRANSNISSICN SPEED TO CHRAMNEL IN BIVS/SEC
PF12: CHANNEL TRAASMISSICN SPEED IN E11S/SEC
PH13: TIME LSET BY FIAT GR 2IMT
PF12: PRICRITY CF REQLESTS
1 IF NCRMAL REQUEST
10 1F HIGF FRIORITY REQUEST
PH14: TIME USED BY THE MESSAGE SYSTEM
PFl4: 10 NUNMBER CF FOST CPU-BE CHANNEL
PH15: ID NUMBER CF THE BE THAT THE SECCACARY UPLATE 15 SENT TO
PF15: NUMBER OF HCST CPU'S IN THE SIFULATICM FCODEL

FACILITIES

1 - 83 CPU'S CF THE E IGHT BACKEALC'S
11462022,44,55,£66,77,88 : CHANNELS FRCF BACKEMND TC CEVICE
12->18: CHANNELS FRTM BE1l TO BE2s....BEE

21123004282 CHANNELS FROM BEZ2 TC CTHEF BE"S,RESPECTIVELY
101->108: TERMINALS CCNNECTED TC FOST l

HALFWORD SAVEVALUES
XH1: NUMBER OF MCDIF JICATICN RECLSTS ACCEFTED BY HOST

DEFINLITICNS
UPCATY: PRIMARY UPDATE
UPCAT2: SECCNLARY UFDATE
LAST: ROW OF PATRIX LAST USED IN LPCATING
CURRENT: NUMBER OF UPLCATES SPCCLEC TO THAT BE

STCRAGES REPRESENT PARTITICNS IN EACH EACKEMN

STORAGE S1-5E.2



PLUS VARIABLE 1N+PHIL

MINUS VARIPELE PHE-1

TRMKL FVARIABLE PH3*B/PFI1*1000

CHANL FYARIABLE PH3®*8/PF12*1000

LAST VERIAELE LO+PES

INCRE VARIABLE FHT+1

HOBE VARTABLE PFLI0+PHS

BECNL VARJAPLE 10#FR54PFLE

PRIOR VARIABLE PFl3+:
#  S0T UPDATE #3392 40920t dsssitsasn st indsddsstasn

TYPZ FUNCTICA RNZ. L2

«52,0/1.0C,1

TER¥ FUNTTICON RN2,08
«125¢101/.254102/.375¢1037.5+1C4/.625,105/.75,1C8/.815,107/1.0,108
REQONC FUNCTICHN RNZ,.CILC
l0¢1/7.20:2/7.30047.4045/ 50,1/ 0€Ca5/.7C117.8C412/.9C13/1.CCul%
LNGTH FUNCTICN RH2Z2.C2

«50,128/1.00,25¢

* 90% FIT IM CME FUFFER

BEDEV FUNCTYICN FH5,C8 BE 10 CEVICE CHANMELS
1. 11/2:22/3,3574,4475,55/16.,6¢7/7,TT1/E,8E
USREC FUNCTICN RNZ.C9 § OF RECUESTS BY A USER

e1701/7.20037/.4045/.5047/ 8605/ 7Co L1/, ECo13/.9C415/1.00417
*

RNDM FUNCTICN R%2.C8
«125417.25¢2/ 03754237 .5:4/082%:5/.T75,6/.8154T/1.0.48

RNDMZ FUNCTICHK FN2.C4

«25,111/.50,111/.75,112/1.0.112

HCST  FUNCTICN FH10.,04

111,150/112,360,213,170/114,180

PRIOR FUNCTICK RE2,L2

+9¢1/1.0,411 SRR R LT LR 109 HIGK PRIORITY REQUESTS #*¢*sss2e2

»
INITIAL Yal-XH114.0 INITIALIZE SAVEVALUES TC 0O

®
GENERATE 750455493044 15PF, 15PH GENERATE 397 TRAMSX-AVE 1/.75 SEC
ASSIGN 13,FNSPRICR,PF ASSIGN THE RECUEST & PRIORIIY L OR 11
PRINRITY PF13 - ASSIGN 2 FRICRITY TO ThE REQLEST
ASSIGN LyFNSTERY, PH ASSIGN TERMINAL # [N PFL
ASSICN 15,2,PF NUMBER CF HCST CPL'S IMN THE SIMULATICH
ASSIGN 1, FNSTERF,TH ASSIGN TERMINAL # IMN FR1
ASSIGN &4 8,PH NUMBER (F BACKEMNDS IN SIMULATICA
ASSIGH 8,FNIUSREQ Pk STORE @ OF USER'S CCMMANDS IN PhB
ASSIGN 11,50000,PF TRARSHISSICN SFEED TC CHANNEL
ASSICH 12,50000,PF TRANSMISSICN SPEED CF CHANAEL
ASSIGN 13,5,PH ADVANCE TIME FOR FINT QR BINT
ASSIGN 14,5,:PH ADVANCE TIME FCR MESSAGE SYSTEM
CUEUE PHL QUEUE FCR TERMINAL
SEI2E PH1 SEIZE THE TERFIMAL
DEPART PHL DEPART CUEUE FOR TERMIKAL

»

* MAIN LOOP FOR LSER RECUESTS

L]

MCRE ADVANCE 1900,590 TIME TAKEN TC TYPE REQUEST
ASSICGN ?2.FASRECKO,PH ASSIGN # CF IC RECUESTS IN PH 2
ASSICN 3, FNSLNGTH,PF LENCT+ CF BUFFER TRANSMISSICN
ASSIGN 4 FNSTYPE.FH ASSIGN UPCATE OR FEAD
ASSIGN B-,i+PH DECREMENT # (F RECUESTS MALE BY USER
ASSIGN 10.Fh3RNDM2, FH RANCOMLY SELECT A HGS1 CPU CHAMNEL

ASSICN 10 ,FNSHO ST ,PF ASSIGN THE RECUEST TO (PU CF FOST/CPU TERMINA



*

* &

LCCPA

FULL

ENTER

BEDB

LCCPB

CUEUE
SEIZE
OEPART
ADVANCE
RELEASE
CUEUE
SEIZE
DEPART
ACVARCE
ADVANCE
TEST NE
ASSICEN

CRECK

RELEASE
ASSIGH
QUEUE
SEIZE
DEPART
ACVAMNCE
ADVANCE
GATE SNE
RELEASE
CUEUE
SEIZE
DEPART
ASSICGN
TEST LE
TRANSFER
ASSIGN
ADVANCE
RELEASE

FH1Q
PH19
PHI1O0
VSTRFMNL
PH10
PFL10
PF10
PF1C
PHL3
PH14
PH4,1.UPDT
5y1.PH

FCR A FREE MACHINE

PF10
14.VSHCBE, FF
PF14

PFl4

PF1l4

VSCHANL

1

PH5,BELB
PF14

PF10

PF10

PF10

5’lllp'-
PHSPHE,FULL
+LOCPA
5+FANSRADF« FH
1

PF10

TERFINAL - FOST CHAMKNEL

LEAVE CUEUE FCST-TEFMINAL CHANNEL
LINE TRANSMISSICN

RELEASE ThHE FLST CPU-TERMINAL CHANNEL
QUEUE FCR THE ASSIGMED HOST CPU

SEIZE HCST CFU

LEAVE THE CUEUE

HINT

MESSACE SYSTEM

IF UPGATE GC TC UFDT FCR ASSIGNMINT

FREE HCEST CPL
SELECT A FOST-BE CHANNEL

WAIT [h THE SELECTEC RCST CPU-BE CHANNEL

SEIZE HOST-BE CHAMNEL
DEPART T+E CUEUE

TIME TAKEN TC CFECK IF FREE
GC TO PECE [F BE FREE
RETURN THE CFANMEL

SEIZE FCST CFU

SENC TC FULL IF ALL BE'S ARE BLSY

RANCOMLY ASSICN BE MACHINE
ASSIGMMENT TIKE
RELEASE HCST CPL

BACKEND HAS BEEN SELECTED

ASSIGN
QUEUE
SEIZE
DEPARTY
ADVANCE
RELEASE
ADVANCE
CUEUE
ENTER
DEPART
SEIZE
ASSIGN

14.VSHCBE, PF
PF14
PFL4
PF14
VSCHANL
PF14
PH13
PHS
PHS
PHS

PHS
740,PH

SELECT A FCST-BE CHANNEL

BINT
QUEUE FCR BE PARTITION
ENTER EBE PARTITICA

SEIZE THE BE CPU
PHT IS 2 CCUMNTEF

PROCESSING OF 10 RECUESTS

TEST NE
TEST NE
RELEASE
QUEUE

SEIZE

DEPARY
ADVANCE
TESY €
TEST NE

PH2,PH7.FEAD
PHA4,1s%42
PHS

FNSBEDEV
FNS$BEDEV
FNSBEDEV

52

PHG,1.%¢ 4
PF&,1s%+3

IF 10 CCNE GC TC READ
IF UPCATE CCA'T RELEASE DATABASE
RETURN EE CFL

SEI2E EE CEVICE FCR IC
TIME FCFR EACF IC

IS RECLEST A PRIMARY UFLCATE?
HAS THIS UPDATE ALREAOY BEEN SPCOLED?

QUEU
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L B ]

READ

RETRN

ENOIT

upPoDT

LCOPC

WALT

ADVANCE
ASSIGN
RELEASE
TEST NE
SE1LE
ADVANCE
ASSIGN
TRANSFER

30

4¢14PF
FNIBEDEV
PHa.1,%+2
PHS

|
Te.l.PH
+LOCPRB

IC COMPLETED

C-4

IF MCT, SFCCL THE UFCATE
MARK TrE LPLATE AS SPCCLED
RELEASE DEVICE

SE1ZE THE BE CPL
PROCESS ING TINE
INCREMEMT CLUMNTER

RETURN INFOPMATICN TO THE FCST ANC TERMEIMALS

ADVANCE
RELEASE
LEAVE
QUEUE
SEIZE
DEPART
ADVANCE
ADVANCE
RELEASE
TEST €
LOGIC R
TRANSFER
CUEUE
FREEMPT
DEPART
ADVANCE
RETURN
QUCUE
PREEFMPT
DEPART
ADVAMCE
RETURN
TEST E
RELEASE
TERMINATE

TEAMIMATE

PH132
PH5

Pr3
PFl=
PELx
PFl4
VICFANL
PH1%
PF1l1%
PH4, 1,243
PF2
+ENDIT
PFi1D
PF10.PR
PF14
PHIZ
PF10
P10
PHLO. PR
FH10

WS TRMNL
PHLO
PHS, 0, MORE
Pl

1

0

BINT
LEAVE PARTITILN IN EE

WAEIT FLCF hLST-BE ChANKEL
SELZE FLST ~ EE CFANNEL

MESSACE SYSTENM

RESET THE LLCEIC SWITCR TO FREE HELD TRANSX

QUEUE FLR FCST CPU
PREEMPT THE FCST CPU

HINT

WAIT FCR CPU-TERMINAL CHANMEL

MCRE RECUESTS BY THIS LSER?
RELEASE OCCUFIEL TERM[NAL

RCUTINE CALLED FCR MOCI®ICATION RECUESTS

ASSIGN
SAVEVALUE
ASSICN
LAGIC §
TEST LE
ASSIGN
ASS TGN
SPLIY
TRANSFER

RELEASE
GATE LR
TRANSFER

NOXREF
END

TuLePH
PHIC®#.1,XH

2 XH#PHLIC, PF
PF2z
PhTsPHA WA IT
5.PH? . PH
TerlePF
L.ENTER
sLCORC

PF10
PF2
+RETRN

INCREMENT XH — UPDATE CNIR FOR HOST
ASSIGM LPCATE # TC PF2

SET LEGIC SmITCH PFz

1F COUNTER=# CF BE CO TO wAIT
DETERMIME # CF vE TC BE UPLCATED
INCRENERNT CCULATER

SENC CLT TRAMSX CCPY TC BE UPLATED
SEND THE PAREMNT TRAASA TQO LLCPC

RELEASE THE FOST PRCCESSOR

WALT UNTIL LCGIC SwITCH PF2 IS RESET

GO TC RETRN WHEN TrE MODIFICATICN REQUEST
HAS BEEM CCHFLETEC BY CMNE CF THE BACKEMNDS
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REALLCCATE FAC,200,QUE,200,5T0,10,LEG200,FUN,25,TAR,J,CLM21000
STMULATE

HYBRID MODEL
MODEL CF & HOST CPU°®S, 8 BE'S, ECYT UPCATES, & 10% PRICRITY
ENTITY DEFINITICNS

PARAMETERS

PHL1: TERMINAL ASSIGNMENT NUMBER
PFl1: HALFWCRLC SAVEVALUE WHCSE NUMBER IS LO#PHS
PH2: NUMBER OF 1/0 PECUESTS NECESSARY FCR EACKH USER RWQUEST
PH3: SIZE OF MESSAGE BUFFER
PH&: MARKED O IF READ RECUEST
1 IF FRIMARY UPCATE RECUEST
Z IF SECOMCARY UPLCATE RECLEST
PF4: MBRKED 9 IFf LPCATE REQUEST #+#5 MCT BEEM SFCCLEC
1 I¥ UPCATE RFQLEST FAS BEEN SPLCLED
PHS5: ID NUMBEF CF THE FACKEND MACHINE BEING WUSEC
PH&: MUMBER CF BACKEND MACHINES LSEC IM THE SIMULATICN
PH7: A COUNTER
PHB: NUMBER CF RECUESTS MADE BY THE USEFR
PHS: CHANNEL ID USET BETWEEN TwWC EACKEAL FACHINES
PH10: 1D NUMEER OF TERMINAL TGO RCST CHANNEL
PF10: MUMBER CF wCST CPU
PF11: TRANSNISSICN SPEED TO CHANMEL IN BUTS/SEC
PF12: CHANNEL TRANSMISSICN SPEEC IN BITIS/SEC
PH12: TIME ULSED BY MIAT CR BIAT
PF13: PRIORITY CF REQUESTS
I If MORMAL REQUEST
10 IF HIGH PRIORLTY REGUEST
PHl4&: TIME USED BY THE MESSACE SYSTEM
PFl4: 1D NUMBER CF FOST CPU-BE CFHANMNEL
PH15: IC NUMBER OF THE BE THAT THE SECCNDARY LPCATE IS SEAT VC
PF15: NUMBER CF HCST CPU'S IN THE SIMULATION MOCEL
FACILITIES

HALFWORD SAVEVALUES
XH1->XHB: CUPRENT TABLE PCINTERS FOR BEL->BES
XHL1->XHL8: LASY TABLE POINTERS FCR BE1-DBEE

DEFINITICNS
UPLBAT1: PRIMARY UFLATE
UPDATZ2: SECCNDARY UPDATE
LAST: RCW OF MATRIX LAST USED IN LPDATING
CURRENT: NUMBER OF UPCATES SPCOLEC TO THAT BE

FACILITIES

1 - 8t CPU'S CF THE EIGHT BACKENC'S
11022+33,44:55,866,77.688 : CHANNELS FRCM BACKEMD TO OEVICE
12->183 CHANNELS FRCM BEL TC BE2+....BEE

21¢23...28: CHANNELS FROM EEZ TC OTHER BE®*S,RESPECTIVELY

FALFWORC SAVEVALUES
XH1->XH8: CURRENT TABLE POINTERS FOR BE]-D>BEB
XH1l->XH18: LAST TABLE POINTERS FCR EEL1->EE®

CEFIMITICAS



UPDAT1: PRIMARY UPDATE

UPDAT2: SECCNLCARY UPDATE

LAST: RUW OF MATRIX LAST USED IN LPCATIAG
CURRENT: NUMBER CF UPDATIS SPCOLED 1O THAT BE

FULLWORD ,HALFWORD » ANLC BYTE MATRICES
L: UPLATE TABLE FCR RE1
2: UPDATE TABLE FCR BE2
3: UPDATC TA3LF FCR BE3
4: UPCATE YABLE FCR BE4
5: UPDATE TAELE FCA BE3
€: UPDATE TABLE FCR BE&
T: UPLATE TAELS FCR BET
6: UPDATE TABLE FCR BES

LA B B B BECBE R O B R B IR BE NN A )

MATAIX MH+2CC 1
MATRIX MH,200,!
MATRIX FH,203,1
MATRIX MH:200.1
MATRIX KH.200,1
MATRIX MH,zuC .1
MATRIX MH,200.1
MATRIX MH 200 ,1

o= U B N e

* STCRACES REPRESENT PARTITICNS IN EACH EACKEMNC

STORAGE 51-59,2

MINUS VARIABLE PHE-1

PLUS VARIABLE 10+rHL

TRMNL FYARIZSLE PH3%8/PFI11#100C

CHANL FYARIABLE PH3#8/FF12#1000

LAST VAPIABLE 10+PH5

INCRE VARIAELE PrT+l

BECNL VARIABLE L0*PH54PFL3

HCBE VARIABLE PF10+PHS

PRICR VARIABLE PF13+42 .
% 508 UPDATE #3332 33 382t Asdetnsd 1Rsssdnsdesy

TYPE FUNCTIGN RNZ.D2

«50,0/1.00.1

TERM FUNCTIGN RN2,D8

«125,101/.25,102/.375,103/ .5,1C4/.£€25,105/.715,1(&6/.8715,1C1/1.C.1C8
RECNO FUNCTICH RNZ,C1C

#1041/ 20427 230+4/7.4Co5/.5G T/ .60 57701 11/.80+12/-.90,137/1.00.14
LAGTH FUNCTICK Rk2,C2

290.128/1.00,25¢€
* 901 FIT IN CNE BUFFEKR

USREC FUNCTICM RN2,09 # CF RECUESTS BY A USER
«l0:1/.2003/.40:5/50:7/.43,5/.7C,11/7/.8C.13/.9C,15/1.00,117
BEDEV FUNCTICH PHS.C8 8E 10 CEVICE CHANAELS

Lel1/2,22/3433/740%475.55/5.,6&/7/7,7778,R8

RNDM  FUNCTION RNZ2,08
«125417.25,27 315437 .544/.€25,5/ 7546/ .815,7/1.04+8
RNDM2 FUNCTICN RN2,D4
«25.0L117.506112/.75,113/71.C,5114

HOST FUNCTVICN PHI0 .04
111,150/112,1€G/112,172/114,18C

PRIDR FUNCTICN RNZ2,C2

«9e1/1.0,11 hARE R AL LA LE L 19% HIGH PRIORITY REQUESTS #%%ddsesdqd

p-2



MORE

LOCPA

FuLL
ASIGN

INET 1AL
INITRAL

GENERATE
ASSIGN
PRIGRITY
ASSIEA
ASSIGN
ASSIEN
ASSIGN
ASSIGN
ASSIGN
ASSIGN
ASSIGN
QUEUE
SELZE
DEPARY

MAIN

AOVANCE
ASSICGN
ASSIGN
ASSIGN
ASSICN
ASS1GN
ASSIGN
CUEUE

SEIZE

DEPART
ADVANCE
RELEASE
QUEUE

SEE1ZE

DEPARY
ADVANCE
ADYANCE
ASSIEN
TEST NE

AH1-xHE, C
XH11-XH18.0

INITIALIZE SAVEVALLES 1-10 TC ZEFD
INITIALIZE SAVEVALUES 11-18 TC IZERO

375,500 €040 15PF415PH GENERATE &0 TRAMSX-AVE 3/8 SEC

13.,FNSPRIOR, PF
PF12

15+4.PF
6¢8,PH
1.FNSTERWM, FH
84FNSUSREQ,PH
11.5C0CO04PF
12,500006,FPF
13,5,PH
14:5+PH

PHI

PH1

PH1

ASSIGN THE RECUESY A FRIORITY 1 OR 11
ASSIGN A PRICRITY TC THE RELLEST
NUMBER CF KOST CPU'S IN THE SIMULATICAH
NUMBER CF BACKENDS IN SIMULATICA
ASSIGN TERMIMAL @ IM FHI

STORE # DF USER'S COMMANDS IN P+8
TRAMSMISSICh SPEEC TC CHAMMNEL
TRANSMISSICN SPEED OF CHANNEL

ADVANCE TIME FCR FIMY CR BINY

AOVANCE TIME FOR FESSAGE SYSTEM

CUEUE FCR TERMINAL

SEIZE THE TEFRFINAL

DEPARY CUEUE FCR TERMIMAL

LOOP FOR USER REQUESTS

100,500

2+ FNSRECANC ,PH
3+ FNSLAGTH,.P}
4 FNSTYPE,PH
B-el. Pk
1C.FNSRNDM2 , PH
10, FNSHOST .PF
PH10

PH10Q

PH10

VSTRMNL

PHILO

PF10

PF10

PF10

PH13

PHLl4

Sel.PH
PHé, 1. FULL

TIME TAKEN TC TYPE PEQUEST

ASSIGMN 4 CF IC RECUESTS [N Fr 2

LENGTH CF EUFFER TRANSMISSICN

ASSIGN LPCATE CR READ

CECREMEMY # CF RECUESYS MADE BY USER

RANCOMLY SELECT A HCST CPU ChHANNEL

ASSIGN THE RECUEST TO CPU CF HCST/CFU TERMIMA

TERFIMAL — KOST CEAMMEL

LEAVE CUEUE HOST-TERMINAL CHRANNEL
LINE TRANSMISSICN

RELEASE THE +CST CPU-TERHIMAL CFANNEL
QUEUE FCR THE ASSIGMREC HOST CPU

SEIZE FCST CFU

LEAVE THE CUELE

HINT

MESSAGE SYSTEFN

IF UPCATE GO TO FULL FOR ASSIGNMENT

CHECK FOR A FREE MACHINE

RELEASE
ASSIGH
QUEUE
SEIZE
DEPART
ADVANCE
A0DVANCE
GATE SNE
RELEASE
CUEUE
SEIZE
DEPARY
ASSIGR
TEST LE
TRANSFER
ASSICN
ADVANCE
RELEASE

PF10

14, VSHCBE, FF
PFLs

PEL4

PEL4

VSCHANL

1

PHS5,BELCB
PF14

PFLO

PF10

PFI1C
5¢414PH
PHS5.,PH&, FULL
»LOOPA
5+FNSRMDM, FH
1

PFLO

FREE HLST CFL

SELECT A FOST-BE CHANNEL

WALT IN THE SELECTEC KWCST CPU-BE CHANNEL QUEU
SEL2E H(ST-BE CHANNEL

DEPART THE CUEUE

TIME TAKEN TC CHECK IF FREE
GC TO EECe I[f BE FREE
RETURM THE CFANMEL

SEIZE FCST CFU

SEND 7C FULL IF ALL BE'S ARE BUSY

RANCOMLY ASSICN BE MACRINE
ASSIGMMENT TIME
RELEASE THE KLST PRLCESSOR
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BEDSB

LccPB

FINIC

RECPU

F INUP

READ

D-4

PACKENC HAS BEEN SELECTED

ASSIGN
QUEVE
SEIZE
DEPART
ADVANCE
RELEASE
ADVANCE
CUEUE
ENTER
DEPART
SEIZE
ASSIGN

PROCESSING OF

TEST NE
TEST NE
RELEASE
CUEUE
SEIZE
DEPART
ADVANCE
TEST €
TEST NE
ADVANCE
ASSIGN
RELEASE
TEST NE
SEIZLE
ADVANCE
ASSIGN
TRANSFER

14, VSHOBE, PF
PFl4
PF14

PF 14
VSCHANL
PFl4
PH12
PH5

PHS
PHS

PHS
TeCePH

PH2.PHT, FINIC
PH4+1 %42
PHS
FNSEEDEY
FNSEEDEY
FNSBEDEV
52

PH4, 1%+ 4
PFGsly 443
30

4,1,PF
FNSBEDEV
PHG 1 ,%+2
FhS

1

T+, 1,PH
+LCCPB

IC CCMPLETED

SELECY A HCST-BE CHANNEL

BINT
QUEUE FCR BE PARTITION
ENTER EE PARTITICA

SEIZE EE CPU
PH? IS A CCUMIER

I0 REQUESTS

IF 10 CCNE GC TC FIMIC

SEIZ2E BE CEVICE FCR IC

TIME FCF EACF IC

IS RECLEST A FRIMARY UPLCATE?

HAS THIS UPCATE ALREADY BEEM SPCOLED?
IF NOT, SPCGL THE UPLATE

MARK THE LPOATE AS SPCCLED

RELEASE CEVICE

SEIZE T+E BE CPU
PRCCESSING TINE
INCREMENT COLNTER

ENTER MOCIFICATICN REQUESTS IN MCC. TABLES

TEST NE
TEST E

PH4, 1, UPCT1
PH4+.2,READ

IF UPCATE, GC TC LPCTI1-CHANGE TABLE
IF CUERY CNLY CCMPrAMD, GO TG READ

REQUEST 1S A SECCNCARY UPCATE

RELEASE
LEAVE
TEST G
TRANSFER

PHS

PHS5
S*PHS5,1,UPLT2
+ENDIT

RELEASE THE BE PARTITION
IF EE PERTITICN EFPTY GO TC UPCATES
ELSE EAC TRAMSACTION

RETURN INFGREATICN TC THE HCST ANC TERFIMNALS

ACVANCE
RELEASE
LEAVE
TEST E
SPLIT
CUEUE

PH13
PHS

PHS
S#PHS5,0,942
1,UPDT2
PFl4

BINT

LEAVE PARTITICN IN BE

IF PARTITICNS EMPTY, SPLIT
SPLIT AMD SEMND 1 TC UFDT2
WAIT FCR FOST-BE CHANNEL



ENDIT

UPDT1

EIGHT

SEVEN

FIVE
FOUR
THREE
TwHO
CNE

SKIPL

*

uPDT2

LeCceC

SEIZE
DEPARY
ADVANCE
ADVANCE
RELEASE
QUEVE
PREEMPT
DEPART
AOVANCE
RETURN
QUEUE
PREEMPT
DEPART
ADVAMCE
RETURN
TEST E
RELEASE
TERMIMATE

ACD

SAVEVALUE
TEST NE
TEST ME
TEST NE
TEST ME
TEST NE
TEST NE
TEST ME
TEST NE
MSAVEVALUE
TRANSFER
MSAVEVALUE
TRANSFER
MSAVEVALUE
TRANSFER
PSAVEVALUE
TRANSFER
MSAVEVALUE
TRANSFER
MSAVEVALUE
TRAMSFER
MSAVEVALUE
TRANSFER
FSAVEVALUE
TRANSFER
ADVANCE
TRANSFER

PF 14
PFl14&
YSCHANL
PH14
PF14
PF10
FPFL10.,PR
PF10Q
PH12
FF10
PH1N
PH10,PR
PH10
VSTRMNL
PH10
PHB,0, MORE
PH1

1

SEIZE HLST - BE CHAMNEL

MESSAGE SYSTENM

QUEUE FCR FCET CPL
PREEMPY TFE FCST CPL

HIMT

WALT FCR CPU-TERMINAL CHANNEL

MCRE RECUESTS BY THIS USER?
RELEASE CCCUFIED TERMIANAL

REQUEST TC MCOIFICATICN TABLE

PHS#,1 ., XF
PH5,1,CNE

PHS5 424+ TWC
PH5,3, THREE
P+5,4,FCLR
PH5,5.FIVE
PHE, 6,512
PH54+74+5SEVEN
PHS,8,EICGHY
ByXFB,y 1, PHZ BH
$SKIFL
TeXHT 1, PHEZ, MH
+SKIPL
64XH6y Ly PHZy MH
+SKIPL

54 XFS5,1:FHZ2,MH
2 SKIPL
GoXF4y1,PHE2¢ MH
$SKIPY
33XH3, 1, PHZ. PH
eSKIFL
21XH2 414 PH2 4 FH
s SKTIP1
1oXF1, 1, PHZ4MH
P SKIPL

1

«READ

INCREMENT # CF UPCATES SPCCLEC
DETERMIME BE YCL ARE LFCATING CA
SO YCU CAN UPCATE APPROPRIATE TABLE.

STCRE THE AUMEER OF REQUESTS

STCRE THE AMUMEER CF 10 REQUESTS

STCRE MUMEBER OF 10 REQUESTS

STORE THE NUMEER OF IO REQUEXTS

STORE THE NUMBER OF ID RECUEXTS

STCRE THE MUMEER CF [0 RECUESTS

STORE THE MUMBER OF 10 RECUESTS

STORE THE NUMBER OF [0 REQUESTS

TIME TAKEN TC WRITE TO TABLE

RCUTINE CALLED FCR SECONDARY MOCIFICATICK RECUESTS

TEST L
SAVEVALUE
ASSIGN

XH®YSLAST, XHOPHS ENDIT

VSLAST+, 1, XH
TelsPH

CCANTINUE IF UFCATES PERCING
UPCATE TABLE POINTER LAST

SENC THE SECCNCARY MODIFICATICAMS

TEST LE
TEST ME
ASSIGN

PHT,PH&, FINUP
PHT4PHS, ELSE
L15+PHT..PF

DETERMIME # CF BE TC BE

IF COUNTER GY # DOF BE GO TC FINLP

UPCATEC



ELSE

SKIP2

TRANSFER
ASSIGHN
TRANSFER
ASSIGM
ASSIGN
SPLIY

QUEUE
ENTER
DEPART
SEIZE
ACVANCE
RELEASE
LEAVE
CUEUE
SEIZE
DEPART
ADVANCE
ACVANCE
RELEASE
QUEUE
EMTER
DEPART
SEIZE
ADVAMNCE
ASSICN
ASSIGN
ASSIGN
ASSIGN
ASSICN
TRANSFER

START
NOXREF
END

SKIP2
T¢,1,PH
+LCCPC
9¢VSBECNL,,FH
T+ 1,PF
1.LCCPC

PHS

PHS

PHS5

PHS
PH13
PHS

PHS
VISBECNL
VSBECNL
VSBECNL
VSCHANL
PH14
VSBECNL
PHLE
PH15
PH1S
PHL1E
PH13
4:2+PH
TIOIPH
LaXH*VEL AST, PF

2eMH*PHS (PF141).PH

5,PH15,.,PF
+LOCPA

9000

INCREPMEMT CCLATER

D-6

SEND OUT ANCTHER UPDATE TO NEXT BE

BINT

CUELE FCR BE TO BE CHAMNEL
SEIZE THE BE TC BE CHAMNEL
LEAVE THE BE TO PE CHANNEL
TIME TAFEMN TC SENLC MESSAGE
MESSACE SYSTEM

FREE THE EE 10 EE CHANNEL

BINT CN NEXT BE
CCDE UPCATE AS SECCANDAFRY

CCUNTER

CUEVE
ALRCS55 THE CHRANNEL

ASSIGN IMNID PH2 THE # CF IC REQ
ASSICN PFLS INTC PK5
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&

REALLCCATE FAC,200,CUE.200.RLC,250
REALLOCATE STOw10,XAC «4CO VAR, LC,FUM,15,748,0,00M,30880

SIKULATE

JOFNSON

& THUMAS

MCCEL CF 4 HCST CPU‘S: 8 BE'S, 501 UPCATES, & 10% PRIGRITY

ENTITY DEFINITICNS

PARAMETERS

PH1: YERMINAL ASSIGMMENT NUMBER
PF1l: HALFWORD SAVEVALLE WHOSE NUMBER |5 LO+FHS

PH2: NUMBER OF

I1/0 PECUESTS NECESSARY FCR EACK LSER RWOLEST

PF2: THE SPECIFIC RECCRC NUMBER

PH2: S1ZE OF MESSAGE BLFFER

PF3: THE ABSCLUTE CLOCK TIME

PH&: MARKELD 9 IF FELD PECLFST

1 IF PRIMARY UPOATE REQUEST

2 IF SECCACARY UPCATE RECUEST

PF4: MARKED O IF ULPLCATE REQLEST HAS ACT BEEN SPCCLELC

1 IF UPCATE REQUEST hAS BEEM SPCCLED

PH5: 1D NUMBER CF THE PACKENT MACHINE BEING LSED

PFS: NUMBER CF LASY TABLE ENTRY

PH&: MUMBER CF BACKENC MACHINES LSED EINM THE SIMULATICA
PF6: PRIMARY CR SECCNLARY UPCATE FLAG

PH7: A CCUNTER
PH8: NUMEER CF REQUESTS MACE BY THE USER

PH9: CHANNEL 1D LSELC EBETWEEM ThC EACKEAL MACKINES
PHL1O0: 10 NUMBER OF TERMINAL TO HCST CHAMNNEL

PF10: NUMBER CF MCST CPU

PF11: TRANSNISSION
PF12: CHANNEL TRAMNSMISSION SPEEC IN BITS/SEC
PH13: TIME USED BY FIAT CR BIMT

PF12: PRIORITY CF REQLESTS

1 IF MORMAL RECUEST

10 IF HIGH PRIORITY REQUESTY
PHI4: TIME USED B8Y THE MESSAGE SYSTEN

PFl4: 10 NUMBER OF FOST CPU-BE CFANNEL

PH1S: ID NUMBER CF THE BE THAT THE SECCACARY UPDATE [S SEANT TC

PF15: MUMBER GF HCST CPU'S IN THE SINULATICM PODEL

SPEED TO CHAMNMEL IM BITS/SEC

STORAGES REPRESENT PARTITICNS IN EACH BACKEMD

FACILITIES

1 - 8: CPU'S OF THE EIGHY EACKEML'S

1010221432464, 55,€6,7T7.68 = CHAMNELS FRCF EACKEMY YC DEVICE
12->18: CHANMELS FRCM BE1l 7GC EBE2y.s.yBEE

»28: CHANNELS FRCM BE2 TC GTHEER BE'S,RESPECTIVELY

21¢231..

101->1cC8:

CEFIMNITICNS

TERMINALS COCNMNECTED TC FCST

UPCAT1: PRIMARY UPDATE
SECCNCARY UPDATE
LAST: ROW OF MATRIX LAST USEC IN LPCATIAG

UPCAT2:
CURRENT:
MATRIX

MATRIX
MATRIX

NUMBER OF

MX.200.1
MX4200,1
MX 200,41

UPCATES SPCOLEC TC THAT BE



4 MATRIX MXx,200.1
5 MATRIX MX,200,1
& MATRIX MX,200.1
7 MATR1X HX,20041
8 FATRIX MX,2C0,1
1 MATRIX MH,200.2
2 MATRIX MH,2C0.2
3 FATRIX MH,200.2
5§ MATRIX MH ,200,2
5 MATRIX MH,200,2
] MATRIX MH,.200.2
T MATRIX MH2G0.2
a MATRIX MH,200,2

STORAGE S51-58+2
STORAGE $9.2000

PLLS VARIBELE 104FK1

MINUS VARIABLE PHE-1

TRMNL FVARIABLE Pr3egfPFilelcog

CHANL FVARIABLE PH3#g/FF12s1230

LAST VARIBELE 10+P+5

INCRE VARIAELE PHT+]

BECNL VAR[ABLE 10%PH54PHLS

HCBE VARIEELE PFLG+PFS

PRIOR VARIAPLE PF13+2
E ] $0% UPDATE 2RSSR EREL RS RS R RS2SR R RS RS

TYPE FUNCTION RN2,02

«50,0/1.00,1

TERM FUNCTICN RNZ,08
«125,1017.25,102/.375,103/.5:1047.,625,105/.75,1C&/.875,107/1.0.,1C8
RECRD FUNCTICN RN2,010

21001 7e20+27.20437.6044%/-5C,5/ €006/ .7C1/-8C.E/.5C.5/1.C,10
RECNO FUNCTICN RNZ,CLO
el0el/+20:2/.30+47/.%0.5/.5Ce 17605/ .7Cs117.80,12/.9C,13/1.,00,14
LNGTH FUMRCTICN RN2,C2

«90,128/1.00,25¢
* 90% FIT IN CNE BUFFER

BEDEV FUNCTICM PHS L8 EE TO CEVICE CHANNELS
1.11724227343374,446/75:55/6 66/ T7,71/8,88
USREQ FUNCTICK ANZ DS # OF RECUESTE BY A LSER

e10:17220637.40e57.50:7/:260+97/.70,11/7.80,13/.90+15/1.30,17
*

RNOM  FUNCTICN RN2,C8
125¢1/02502/.37537.50:47.625.:5/.75.6/.875:7/1.0.8
RMOE2 FUNCTICN RN2,C4
«25:1117.50,112/.75,113/1.0,114

HOSY FUNCTICN PH10,04
111,150/112,160/113,17C/ 114, 18¢

PRIOR FUNCTICN RN2.,02

«9.171.0,11 sx2E3seesads 0% HIGH PRICAITY REQUESTS esesanass
L
INITIAL XHL-XHB. 0 INITIALIZE SAVEVALUES 1-10 TC ZERQ
INITIAL XFI-XF8,C INITIALIZE XF1-§ TC ZEFQ
INIT AL XH11-%F18,0 INITIALIZE SAVEVALUES jt-14 TO ZERD
L
CENERATE  375,504+£C s 15PF,15Ph  GENERATE 6C TRAMX 1| FER 3/8 SE(
ASSIGN 13.FNSFRIOR,PF ASSIGN THE RECUEST A PRIORITY 1 OR 11
PRIORITY  PF13 ASSIGN ? PRICRITY TC THE REQUEST
ASSIGN 1504,PF NUMBER CF HCST CPL'S IN THE SIMLLATICA
ASSIGN 648,PH NUMEER CF EACKENDS IN SIMULATIGN

ASSICH 1.FNSTERP,PH ASSIGM TERPIMAL # IAM PHIL



*»

ASSICEN 8,FNSUSREC ,PF STORE 8 OF LSER'S (CMMANDS IN PH8

ASSIGN 11.5C0CC,PF TRAMIMISSTION SFEED TC CrRANKEL
ASSIGN 12,50000,PF TRANSM]SSICN SFEED CF CHANAEL
ASSIGN 13.5,PH ACVANCE TIME FCR FIAY CR BIMNT
ASSICEN 14+5.PF ADVANCE TIME FCR PFESSAGE SYSTENM
SAVEVALUE 9¢,]1,XH INCFEMEMT USER COUNTER

QUEUE PH1 QUEUE FCR TEFMIMAL

SEIZE PH1 SELZE THE TERNMINAL

DEPARY PH1 DEPART CUEUE FOR TERMINAL

FAIN LCCF FCFR USER REQLESTS

MORE ADVANCE 100G, 500 TIFE TAKEM VO TYPE RECUEST
ASSIEN 2+FMSRECAC,PH ASSIGH & TF 1T RECUESTS INW PH 2
ASSIGN 3.FNSLMGTH,.PFH LENGTH [F TUFFER TRANERISSICH
ASSIGN 4 FNSTYPE,PH ASSIGAN LFOATE CR READ
ASSIGN B—y 1P CECREMEMT 4 CF REQUESTS MACE BY USER
ASSIGN L1OJFNSRNDMZ, PH RANDOMLY SELECY A hCST CPU CHANMEL
ASSIGN L0+ FNSFOST.PF ASSIGN THE REQUEST TC CPU CF HCST/CPU TERMIMNA
CUEUE FH10
SEIZE PH1Q TERMINAL — HCET CHARNEL
DEPART FHIO LEAVE QUEUE FCST-TERMINAL CHANNEL
ADVANCE VSTRMNL LINE TRENSMISSILN
ADYANCE VSCHANL
RELEASE PH10 RELEASE THE FCST CPU-TERMINAL CHANNEL
QUEUE PF1Q QUELE FCR THE ASSIGMED HCST CFU
SEILE PF10 SEIZE FCST CFU
DEPART PF10 LEAVE THE CUEUE
AOVANCE PH13 HINT
ADVANCE PH14 MESSACE SYSTEM
TEST E PH4,41,%+3 IF UPCATE NAKE RECCED €& CLCCK TIME ASSIGNMENT
ASSICN 2+FNSRECFD . PF MAKE RECORD ASSIGMMENT
ASSIGN 3.:C1.PF MAKE CLCCK TIME ASSIGAMENT
ASSIGN S5e¢lePH

CHECK FOR A FREE FACHIME
LCOPA RELEASE PF10 FREE hCST CPU
ASSIGN 14,VS$HCBE,PF SELECT A HCST-BE CHANMEL
QUEUE PFl4 WAIT IN THE SELECTED HCST CPU-BE CHANMEL CUEU
SE11E PF 14 SEIZE rCST-BE CRARMEL
DEPART PF 14 DEPART THE CLEUE
ACVARCE VS$ChANL
ACVANCE 1 TIME TAKEM TC CHECK IF FREE
GATE SNE PH5,BEDB GC 7O BEDB IF BE FREE
RELEASE PFl14 RETURN THE CFANNEL
QUEUE PF10
SEIZE PF10 SEIZE KRCST CFL
DEPAFRT PF10
ASSIGN S¢,1,PH
TEST LE PES5,FHé&, FULL SENC TG FULL IF ALL BE'S ARE BLSY
TRANSFER +LOCPA
FULL ASSIGN S+FNSRANDWN, FH RANDGPLY BSSIGN BE PACHINE
ADVAMCE 1 ASSIGNMENT TIME
RELEASE PF10 RELEASE HCST CPU
BACKEND FAS BEEN SELECTED

L3 N N ]

ASSIGA 14« VSHCRE, PF SELECT A HOST-BE CHANMEL



[ %

- %@

*
*
*

*

BEOB

LCCPA

FINIO

RECPU

FENUP

READ

QUEUE PF14
SE1ZE PFi4
DEPART PF14

ACVANCE VSCHANL
RELEASE PF1l4

AUVANCE PH13 BINT

QUEUE PHS QUEUE FCR BE PARTITICA
ENTER PHS ENTER EE PARTITICA
DEPART PHS

TEST E PH4, 1,02

PRICRITY VSPRIGH

SEIZE PHS SEIZIE BE CPU

ASSIGN 7+0.PH PHT IS5 A CLUMIER

PROCESSING OF IO REQUESTS

TEST NE PHZ +PHT,FINIC IF IC CCNE CC TO FINID

TEST NE PH4+1o%42 IF UPLATE CCM'T RELEASE CATAEASE
RELEASE PE5 RETURN EBE CPL

QUEUE FNSBEDEV

SEIZE FNSBECEV SEIZE EE CEYICE FCR IC

DEPART FNSBEDEV

LOVANCE 52 TIME FCR EACE 1L

TEST € PH4,1-%+4 IS RECUEST A FRIMARY LFCATE?
TEST ME PF4,1.94+3 HAS THIS UPCATE ALREALY BEEN SPCOLED?
ADVANCE 30 IF MOT, SPCCL THE UFDATE

ASSIGN 4:1,PF MARK THE UPCATE AS SPCLLED
RELEASE FrSBEDEV RFLEASE DEVICE

TEST ME PH4ylo%e 2 iF UPCATE, BE IS ALFEACY SEIZED
SEILE PHS SEIZE £E CPL

ADVANCE 1 PROCESSING TIME

ASSIGN T+elePH [NCREFEMT CCLATER

TRANSFER «LCOPH
10 COMPLETED
TESY NE PH4, 3,LPDT L IF UPDATE: GC TC UPOTL-CHANGE TABLE
TESTY E Phéy2 4 READ IF QUERY CNLY CCHMAND: GO TO READ
RECUEST IS A SECCNDARY MODEIFICATICN

RELEASE PHS

LEAVE PHS RELEASE THE EE FARTITICN

LEAVE 9 LEAVE SECONCARY UFLCAYE STORAGE

YEST G S*PHS, 1, LPLT 2 IF BE PARVITICN EFPTY GO TC UPCATES
TRANSFER vEND2 ELSE ENC TRANSACTICH

RETURN INFCRMATICN TO THE FCST ANO TERFINALS

RDVANCE PH12 BINT

RELEASE PHS5

LEAVE PHS LEAVE PARTITICN IM EE

TEST E S*2H5,0, %42 i{F PARYITICAS EMPTY, SFLIT
SPLIT 1.UPDT2 SPLIT AMD SEAC 1 1O UPLCTZ2
QUEUE PFl4 WAIT FCH FCST-BE CHANMEL
SEIZE PFla SEIZE KCST - BE CRAMNEL
DEPART FFL4

ACVAARCE VS$CRANL
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s

*®
upruvl

EIGHT

SEVEN

SIX

FIVE

FOUR

THREE

TWO

ONE

ADVANCE
RELEASE
QUEUE
PPEEMPT
CEPART
ADVANCE
RETURN
CUEUE
PRECMPT
DEPART
ADVANCE
RETURN
TEST E
RELEASE
GATE SE
TERMIMATE

ENTER MODIFYICATICN REQUESTS IN BE MCDIFICATICM VABLE

SAVEVALUF
TEST NE
TEST NE
TEST NE
TEST ME
TEST NE
TEST NE
TEST ME
TEST NE
MSAVEVALUE
MSAVEVAL UE
MSAVEVALUE
TRAASFER
MSAVEVALUE
MSAVEYALUE
MSAVEVALUE
TPANSFER
MSAVEVALYE
MSAVEVALUE
MSAVE VALLE
TRANSFEN
HSAVEVAL'JE
MSAVEVELUE
MSAVEVALUE
TRANSFER
MSAVEVALUE
MSAVEVALUE
MSAVEYALUE
TRANSFER
MSAVEVALUE
MSAVEVALUE
MSAVEVALUE
TRANSFER
MSAVEVALUE
MSAVEVALUE
MSAVEVALUE
TRAKSFER
MSAVEVALUE
MSAVEVALUE
MSAVEVALUE
TRANSFER

PHl4

PF 14
PFlO
PFLJ+PR
PF10
PHL3
PF1Q
PHIO
PHLO.PR
PHI10
VSTRFNL
PH1G
FHB e Js MORE
PH1

9

1

PHS+ L Xk
PHY, 1 ,CNE
PH3.2,TWC
PHS,3, THHEE
Pr5.4,FCLR
PHS5,5.F1 VE
PHS, €451 )

PHS . T, SEVEN
PHS.B.EICHT

By XnBs 14 PHZ, NH
B XHB 2. FF 2 MR
B, XxHB, 1.PF2, MX
eSKIF1
T+XHI.1.FH2,MH
ToXFE1e2:FF 2, NH
TXFT, 1 PF2.MX
+SXIPL

6y XFé&, 1y FHze MH
6sXb5 24 PF 24 kH
GoXHE 1o PFZs M2
ySKIFL
5,XHE 1+ FHZ . FH
SsXFE, 2. PF 2o md
5:XFE5, 1o FF3.MX
s SKIPL

Q44X 441, PHZe MH
4o XH& 2 PP 2. M0
GoXHa , Lo PF2, M)
+SKIFL
3.Xt3.1.FHZ . FH
3.¥F30 2. PF 2o MH
34 XE3, L FF3. kX
+SKIPL

21 XF2401+4PF2: FH
20R5E2024PF 20 MH
23XHZ2 414 PF 2, kX
+SEIFL
LoXHL 14 FH2. MH
LoXFl,s 2y PFZyHH
leXt 1ol FF3,Mx
«SKIPL

MESSACE SYSTEM

QUEUE FCR FCST CFU
PREEMPT THE FCST CPU

HINT

WAIT FCR CPU-TERMINAL CHANMEL

MCRE RECUESTS BY THIS LSER?
RELEASE OCCUPIEC TERMINAL

NC ENTRY TILL ALL UFDATES HAVE EEEN CLMFLETED

INCREMEANT & (F UPCATES SPCCLEC
DETERMIME BE YCL ARE LPCATING GA

SO YOU CAN UFCATE APPROPPIATE TABLE,

STCRE THE
STCRE THE
STCRE T+E

RECCRD NUNEER

STCRE TFHE
STORE THE RECCRD MLMEER
STGRE TFE

STORE THE
SYORE THE
STORE ThE

LUMBER CF O
RECCRC NUMEER

STCRE TFHE

STCRE THE RECCFD MUFEER

AUMEER OF 10 REGCUESTS
ABSCLUTE CLCCXx TIFE CF
MRUMBER CF 10 REQUESTS

ABSCLUTE CLOCK TIKE CF

ABSCLUTE CLECCK TI¥E CF

MUMEEQ? CF JO REQUESTS

UPDATE

UPDATE

UPCAVE

STORE THE ABSCLUTE CLOCK TIME CF UPDATE

STORE THE NUMEER OF
STORE ThE RECCRD NUMEER
STCRE T+E

STCRE THE NUMEER CF
STCRE THE RECCRD NLPMBER
STORE TFE

STORE Tx€ NUMBER OFf [0 REQUEXTS

STORE THE RECCRD NLMEER
STCRE TFKE

STCRE THE
STCRE ThE
STCRE THE

MUMEER OF
RECCRO MUMBER

10 REQUESTS
ABSCLUTE CLCCEK TI1ME CF

10 RECUEXTS

AESCLUTE CLCCK TIME CF
10 REQLEXTS

ABSCLUTE CLOCK TIME CF

UPCATE

ABSCLUTE CLOCK TIME CF UPDATE

UPCATE

UPDATE

RFEQ

REQ

REQ

REQ

REQ

REQ

REC

REQ



SKIF1 ADVANCE 1 TIME TAKEN TC WRITE TO TABLE
TRANSFER +READ
RCUTINE CALLEC TO PERFURM SECOCNDARY KRGLIFICATICN RECQUESTS

&

UPOTZ TEST L XH*VSLAST s XH#PH5 END2 CCNTINUE IF UPCATES PENODING
SAYEVRLUE VELAST+,142H UPDATE TAELE PCINTER LAST
ASSICA Tele?PH
LOOPC TEST L PHT +PHE,, FI2NUP IF COUMTER=8 (F BE GO TG FLAUP
TEST L PHT +PHS, EL SE
ASSIGN 15-PHT,PH DETEFMIKE # CF BE TC BE UPCATEL
TRANSFER L3K1IP2
ELSE ASSIGA L5 YSTNCRE P
SKIP2 ASSIGN 9.YSBECNL.FH
ASSIGN T+,1.PF INCREMERT CCLRTER
SPLIT 1.LCCPC SENC CUT ANCTHER UPCATE TO NEXT BE
QUEUE PH3
ENTER PHS
DEPART PHS
SEIZE FK5 < SEIZE THE BE CPU
ADVYANCE PHI13 BINT
RELEASE PHY
LEAVE PHS5
ENTER 9 ENTER UPCATE FEMDING STORAGE
CUEUE PHY QUEUE FGR CHAAMNEL BETREEN 2 BE'S
SEI1LE PHS BE TO BE CHAMMNEL
DEPART PHS
ADVANCE v4$CHANL
ADVaANCE PH14 MESSAGE SYSTEPN
RELEASE PHY
CUEUE PHIS
ENTER PHLS
DEPART PH1S
ASEIGN 1oXE*VSLAST. PF
PRIORITY V$PRIOR
SEIZE PHLS . SEIZE THE BE CPU
CHECK THE TIMESTAKPS CF SAME RECCRD MCLIFICATICAS AY THAT BE
TIMCK ASSIGN 5¢XF%F15,FF INITIALIZE CATR TG FINAL ENTRY IN UPDT TABLE
TEST NE PF5,CoCCATU IF THERE ARE MG EMRTRIESy CCUNTIME.
LOOPD TESY L MX*PRSIPFL.,1 ¥, NX*PHLE(PFE,1),CCNTU IS TIMESTAMP LESS?
IF TIMESTAMY OULDER: DLN'T PERFORM MCOIFICATICA
TESY E MH*PHS(PFL ¢2 1o FHOPHLS(PF5,2) ,945 [S IT THE SAME RECORCD?
RELEASE PHLS RELEASE THE EARCKEAD PRCTESSCR
LEAVE PHL3 LEAVE THE BE PARTITICN
LEAYE 9 LEAVE SECCNCARY UFLATE STCRAGE LIST

END2 TERMINATE o

ASSIGN 5-sl:FF LECREMEMT CCULNTER

TEST E PF5:0,L0CPC LCOP IF MCRE IN TABLE
CGHTU AGVANCE PH1Z BINT Ch NEXT BE

ASSICGM he24PH CQDE UPCATE #5 SECONDARY

ASSIGN Ty0.PH CCUNTER



ASSIGN
ASSIGN
TRANSFER
MGEXREF
END

21 MH®PhS(PFL.1).PH ASSIGN INIO PKZ2 TRE 8 CF IC REQ

5¢PHLS5.PH
+LOCPB

ASSIEN P15 IMTC PHS

£-7
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1 STATISTICAL ANALYSI S SYSTEM

NOTE: THE J08 SPECO072 HAS BEEM RUN UNDER RELEASE 7¢.6C OF S5AS AT KANSAS STATE UNIVERSITY.

1 DATA PROGRAM:

2 ® 1 HOST CPU, VARIABLE BACK~END PROCESSCRS (1-813
3 # STREAM OF REQUFESTS ENTER CATA PASE SYSVEM AY CCNSTANT RATE 3
4 % PRATE OF RFQUESTS PER HCST IS5 CCASTANT:

5 ®* MCDIFICATICK RECUESTS 50 3

b * HIGH PRIORITY RECUESTS 10T 3

T * CEFINITICN OF CONSTANTS AND PARAMETERS:

8 * |} NUMBER OF FCSTS:

9 ® R TOTAL NUMBER OF RECUESTS IN THE WORK LOAC:
10 * F SECCNDS PER REQUEST:

11 # F PRIORITY IN PERCEMT:

12 % M MODIFJICATICN RECUESTS IN PERCENT:

13 * S DURATICN CF THE JCB STREAM IN SECOMNDS:

14 L I

NOTE: DATA SET WCRK.PRCGRAM HAS | CBSERVATICNS AMD O VARIABLES. 22%¢ CPBS/TFK.
NOTE: THE DATA STATEMENT USED 0.40 SECCNOS AND 102K,

15 DATA PRCGRAN:
16 H=1:

17 P=10:

18 M = 5N

19 R=1%5:

20 F=372:

21 5=22.5:

22 *

23 *BERNSTEIN FCDEL:

24 * H

25 LABEL D_TIME=AVER TIME LAG [N MILLISECCNDS:
26 LABEL BACK_END= MUMBER OF BACKEND PRCCESSORS:
27 C1=79.135632680 3

28 2= 9.0023366P8;

29 3= 0.33138173 3

30 C4=-51.74670317:

31 (5= 4.9659879%6

32 Cé= -5.54198065;

33 CT= -6,865%3821:

34 €= 1.42773218 3

35 C9= 1.33701028 :

38 BACK_END=2:

37 LOCP:

38 B=8ACK_END:

39 RESP_TI= Cl + C2#8 +C3*R/F+ (C4/B) & (CS/H*#2) + (CEé*F/B) + (CT*B*F) +
40 CBep/tB*FY + {CO*P)I/IBSFI

41 D_TIME={RESP_TI] - S)¢1000/R:

42 BACK_END=B3;

43 QUTPUT: BACK_ENC = BACK_END + 0,11

(¥ IF BACK_ENO ¢=10 THEN GO TO LOCP:

45 »

46 * :

&7 ®  ELLIS @

48 3

49 Cl= 145.05242827:



STATI1ISTICAL ANALY SIS

2= -6.430BB333;
= 0.750113483
Cé= ~168.45220745:
5= -19.161733%6;
Cé= 107.21754881:
C?= 4.061555¢%6
8= 0.4T1125¢é8¢
c9= 0.721736541
BE_E=21

LOCFE:

B=BE_E:

RESP_TI= C1 ¢ C2*B *C3I%R/F+ {C4/B) + (CE/H®92) + (CEsF/B) + (CT*B*F) +
CB*M/IBSF]l + (C9%P)/(BE3F) 1

D_TIME_E= (RESP_TI - S)*1000/R3

BE_E=8:

CUTFUT: BE_E= BE_E ¢ C.13:

IF EE_E <=10 THEN GO TC LCCPE:

® JOHNSCH B THCWAS MCCEL:

. :

Cl= 55.51611B66:
2= 4.18675417:
C3¥= N.47046118:
C4= 16.2110&7833
C5= D.355119%8:
Co= -2.264327¢¢€:
CT= -4.307271778:
CB= -D.22TB2457:
9= 6.098213¢69:
BE_J=2:

LooPy:

B=BE_J:

RESF_TI= Cl1 ¢ C2%8 #C3*R/F+ (C4/B) ¢ (CS/H**2) + (CE*F/B) + (CT%B3F) +
CBaN/(B*F) ¢ (CY*PI/IBIF} 3
O_TIME_Jd= (RESP_TI - SI91000/R3

BE_J=8:

QUTPUT: BE_J = BE_J + C.1:

IF BF_J <= 10 THEN GC YC LCCPJ:
L

* FYBRID:2

*§

BE_#=2:

Cl=-11.35832609:

C2= 17.55630833;

C3= 0.33556€17:
C4=173.31042058:

C5= R2.TT174¢92:
C6=-135.01332697:

CT= -12.552711178+¢

C8= D.BISS54&£S511

€C9= 2.80743509:

LOOPH:

B=BE_H:

RESP_TI= C1 ¢ C2%8 #C3ISR/F¢ (C4/B) + (CS5/H*92) + ICESF/B) + (CT*BAF) «
Ca*M/(B*F) + (C9sP)/{B*F) :
D_TIME_H= (RESP_T11 - S}*1000/R:
BE_F=B:

SYSTEMNM



106
107

NOTE:
NOTES

108
109
i1o
(3D}
112
NOTE:
NCTE :

NNTE @

STAT1STYICRAL ANBLY SIS SYSTEM

CUTPLT: BE_H = PE_H ¢ 0.1:
IF BE_H <=10 THEN GO TC LCCPH:

DATA SET WORK,PROGRAFM HAS 224 CBSERVATIONS AND 25 VARJABLES. &3 CBS/TRK.
THE OATA STATEMENT USED 1.24 SECCNDS AAD 1C2K.

PROC PLOT NOLEGEMD:

TITLEl BERNSTEIM, JOHMRSCN £ THCMAS, FYPRIO, AND ELLIS MCCELS:

TITLEZ | HCST, 5CT MCCIFICATICNS, 10% PRICRITY, I REC PER 2/2 SEC FER HCST;
PLOY O_TIME*BACK_END="B! C_TIME_E*BE_F="E® O_TIME_HAEE_h="'¢*
O_TIME_J*BE_J='J"' / OVERLAY HAXIS=2 1D IC BY 1

THE PRCCEDURE PLOT USEC 2.43 SECONDS AND 146K AND PRINTEL PACGE 1.
SAS USEC 146K MEMDRY.

BARR, GCOOMIGHT, SALL AND FELWIG

S5AS INSTITUTE INC.

P.0. BCX 1006S
RALEIGHs N.C. 27605
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1 STATISTICAL ANDM2LYSIS SYSTEMR

NOTE: THE JOB SPECO0ST? HAS BEEN FUMN UNDER RELEASE T76.6C CF SAS AT KANSAS STATE UNIVERSITY.

t CATS PRIGRAR:

2 & HOSY CPU vS LAG TIME CF NUFMBER CF EACKENLS GIVING MIN CELAY:
3 * (CNSTANT wWORK LGAD PER KCST;

b4 * PCDIFICATICA RECUESTS 502

5 * FIGH PRIORITY REQUESTS 102 3

& ® AUMBER GF EACKENDS WITH MIN TIME LAG PLOTYED AGAEIMST ANLMBER CF HCSTS:
7 ® QEFINITICN CF VARIAELES AMC CCNSTANTS:

] * F NUMBER CF HOST CFU;:

9 % § NUMBER CF EACK-EMD FROGCESSCRS:

10 * ¥ MCDIFICATICM RECUESTS IM FERCENT:

1t *# P PRIDRITY RECUESTS IN PERLEMNT;

12 * § DURATICM CF THE JCB STREAM IMN SECGARCS:

13 * F INTERVAL BETWEEM RECUESTS [M SECCNCS PER REQUEST;

L4 ®* R TOTAL NUMBER OF REQUESTS SUBMITTED IN THE JOB STREARK:
15 LH

16 * 1hE NUMBER OF HOSTY CPU ARE INITIATEL TD 1 H

17 k=13

18 * THERE ARE 50% MCDIFICATICNS ANC 10T HIGH PRICRITY RECUESTS H
19 M=503

20 P=10:

21 §$ = 22.5 :

22 *

23 *BERNSTEIN MODEL:

24 . H

25 LABEL TIME_B=TIME LAG IN MILLISECONDS:

26 LABEL HCST=NUMBER [F KW{ST CPU:

27 * C1-C9 ARE CONSTANTS

28 Cl=79.135636680 3

29 C2= 9.0033344E8¢

30 €3= 0,33138173 3

31 C4=-51.746T70317:

32 C5= 4.9¢598756

33 Co= -5,941980¢£5;

34 L= -b.885%3B21:

35 C8= 1.42773218 :

36 9= 1.,33701028 :

37 HOST=1¢%

38 * THE NUMBER OF BACKEND PROCESSCRS THAT GIVE THE MIMINMUM LAGC TIPE i
39 ® |S CALCULATED FCR EACH VALUE CF HCST:

40 toge:

41 H=+(5T 3

42 B=2:

43 F={3/21/H;

&8 R=lE#Hg

45 RESP_TI = C]1 ¢ C2¢B #C3sR/F¢ (C4/B) ¢ (CS5/K®92) ¢+ {CESF/B) ¢ (CTeBF) +
48 CA*N/(B*F) ¢ (C9#P)/{B*F) :

47 NEW_LAG=(RESP_TI -S)*1000/R:

48 MIN_LAG = NEW_LAG:

49 MIN_BE=2:

50 LOCF_MIh:

51 Fel2/2V/H;

52 R=15%H¢

53 8=840.1:



54
55
56
57
58
59
60
61
62
63
54
65
66
67
68
69
T0
Tl
12
13
T4
15
76
77
78
79
80
-1
B2
83
84
as
86
87
1]
89

91
92
93

95
96
97
98

100
101
102
103
104
105
‘196
107
108
109

STAT ISTICAL

RESP_TI = C1 & C2%8 +C3I*R/F+ (Ca/B) + (CS/H®#2) + {Co2F/B1 ¢+ (CT4B2F) +

CBOM/IBF]  + (C92P)/(ReF)
NEMW_LAG=IRESP_T1 -5)*1000/R;:

IF MEW_LAG < MIN_LAG THEN MIN_BE = B:

IF BEW_LAG < MIN_LAG THEN MIN_LAG = MEW_LAG:
IF E<=9 ThEN GO TO LCCP_MIN:

ANALYSIES

MIN_BE = MIN_BE + 0.5; MIN_BE = INTIMIN_BE}: B = MIA_BE:

RESP_TI = Cl + C2%B +C3*R/F+ (C4/B) & (C5/be%2) 4 (CEVF/B) ¢ (CTeBOF)

CBoM/IBRF) + (CSP)/(B*F)
MIN_LAG=(RESP_TI - S)#1COC/R:
TIME_B = MIN_LAG:

HOST=H:

DUTFLT: HOST=HCST + |3

IF HOST<=6 THEN GO TO LOCP:

)

= ELLIS :

* H

LA

M=5C(3

P=1C:

$S=22.5;

Cl= 145.05242827;
C2= -6.43088333;
C3= 0.75011348;
Cé= -—-168,45220745;
5= =T9.16172356;
Cé= 1C7.217548813
Cr= 4.08)155556;
ca= 0.47112568;
9= 0.721736%94:
F_E=1:

LOOFE:

H=H_E:

B=2:

F={3/2)/H;

R=]1%8H 3

RESP_TI = CL + C29B +CA*P/F+ (C4/8) + (CE/H®**2) & (CE*F/A) ¢ (CT*BOF) +

ce*m/{a*F) ¢ [CO=pP)/IE*F} 3
NEW_ULAG=[{RESP_TI -S)*]1000/R:
MIN_LAG = MEW_LAG;

MIN_BE_E = 2%
MIN_E:z
F=t2/72)/h3

Rz L€%H 3
B=B+40.1:

RESP_TI = C1 ¢ C22B #C3*R/F¢ (C4/7B) & {(CE/H®*22) & (CE*F/B) + (CT9BIF) ¢

CE8*M/IB*F} ¢+ (CSsP)/IB*F)} 3
NEW_LAG=(RESP_TI -S)*100G/R;

IF MEW_LAG < MIM_LAG THEM MIN_BE_E = B3

IF NEW_LAG < MIMN_LAG THEN MIN_LAG = MEW_LAG:
IF B<=9 ThEN GC TC MIMN_E;

MIN_BE_E = MIN BE F + (.5: MIN_BE E = [NTIMIN_BE_E)S
RESP_TI = C1 ¢ C2%B #C2*R/F+ (C4/B) ¢ [CE/H*RZ)} & (CE*F/B) +

CAsM/{B*F) ¢ [C9*P)/IRSF)
MIN_LAG=(RESP_TI -~ 5)*%10J0/R:
TIME_E = MIN_LAG:

E=kIN_BE_E:

(C7+8*=F) +

SYSTEMNM



110
1t
1z
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
128
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
140
L6l
162
163
164
165

STATISTI1CAL

H_E=H:

OUTPUT : H_E=H_E+1;:
tF H_E <=6 THEN GG TO LCOPE:
3

* |}YBRID:

*3

LABEL TIME_H=TIME LAG IN MILLISECCNDS:
M=503

P=1C:

§=22.5:
Cl=-11.35832609;
C2= 17.55€63CE323:
C3= 0.3355£€17:
C4=173.31042058:
C5= B2.17174652¢
C6=-135.01322657:
CT= -12.55217778;
€C8= D0.895546%51:
9= 2.80743509¢
H_H=1:

LOOPK:

H=H_K;

B=2:

F=(2/72V/K:

R=1%2H;

RESP_TI = C1 + C2¢B #C3I*R/F¢ (C&/B] + [C5/H¥%2]

CB¥M/ (EB*F) + (CS*P)/(B*F) :
NEW_LAG={RESF_T1 -S)*1000/R:
MIN_LAG = NEW_LAG:

MIM_BE_H = 23
MIN_H:
F=(2/21/H;
R=]1E%#H}
B=B40.1:

RESF_TI = C1 # C2%B +C3*R/F+ (C4/B) + (CS5/H*%2)

CB8*M/(B*F) + (C9*P)/(B*F) ;
NEW_LAG=(RESP_TI -SI*1000/R:
IF MEW_LAG < FIN_LAG THEMN MIN_FE_H = B3:

IF NEW_LAG < MIN_LAG THFEN MIN_LAG = NEB_LAG:

IF B<=9 THEN GO TO MIN_H:
BIN_BE_H = MIN_BE_H ¢+ 0.55 MIN_BE_H =

CAtM/ (BeF) + (C9*FP)/IE*F) 3
MIN_LAG={RESF_TI - S1*1000/R:
TIME_ H = MIN_LAG:

H_H=H:
OUTFUT: H_H=H_Hel:

IF +_H <=& THEN CO TO LOOPH:
* JCFNSCN € THCMAS MCCEL:

* :

LABEL TIME_J=TIME LAG INn MILLISECCNDS;
p=5C3

P=10:

§=22.5:

Cl= 55.51611B6¢&:

C2= 6.1B675417;

INTIMIN_BE_F 13
RESP_T1 = C1 # C2*B #C3*R/F+ (C4/B) + (CS5/H*32) + (C6*F/B) + (CT*BF)

ANALY

B=FIN_BE_H;3

<

S

+ {Co6*F/B) 4 (C72B*F}

+ (CE*F/B) + (CT*B*F)

H-3

SYSTERMN



&

186
167
168
169
170
17
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201

STATISTYICAL AMNIAILY SIS

C3= 0.470461183

C4= 16.2110€7€33

5= 0.35511598:

Cé= -2.384327863

CT= -4,307277783

CB= -0.32T782557:

C9= 6.098213695:

HoJd=1%

LOCFJ:

H=H_J3

B=2:

F={2/2) /H:

R=1%+H:

RESP_T] = C1 + CZ2%2B +C3#R/F+ {C4/B) + ICS/HE232) & {CEXF/B) + {LCT1*%8»F])
CA*M/(BEF) + (CF*P}/[ReF)

MNEW_LAG=fRESP_TI -S51*1000/R;

MIN_LAG = AEW_LACG:

MIN_BE_J = 23

MIN_J:

F=(3/72)/H;

A=15%H3

B=p+0. 13

RESF_Ti = C1 + C2%¢B #C3*R/F+ (C4&/B) + ICS5/H*92) & {(Ce*F/D) + (CT28%F)
CBEM/{B2F ] ¢ (CO*PYJIEPFY 3

NEW_LAG={RESP_T1 -Si=*lCCO/R;

JF NEW_LAG ¢ MIN_LAG THEN MIN_BE_J = B;:

IF MEW_LAG ¢ MIM_LAG THEN MIN_LAG = NEW_LAG:

IF 8<=9 THEM GC TC MIB_J:

MIN_BE_J = MIN_BE_J + C.57 MIN_BE_J = INT(MIN_BE_J); PB=FIN_BE_J:
RESP_TI = C1 + C248 +C3*R/F+ (C4/B) + (CS/H*+2] + (Ce=F/B) & (CT®Be*F)
CBeM/IB*F1 ¢+ (CS*P1/(B*F) ¢

MIN_LAG={RESP_TI - SI#100C/R:

TIME_J = MIN_LAGH

H_J=H;:

QUTFUT: F_J=F_J+13

1IF H_J <=6 THEN GO TO LLCFJ:

NOTE: CATA SET WCRK.PRGGRAN FAS 24 CBSERVATIONS AND 31 VARIABLES. 51 OBS/TERK.
NOTE: THE DATA STAYEWENT USED 2.52 SECCNOS 2ND 102K.

202
203
204
205
206
207
208
209

PRCC PLCT NCLEGEND3:

TITLEY BERNSTEIN, ELLIS, FYBRIC, AND JCHNSON ETHCMAS MCDELS:
TITLEZ LAG VIME FOR THE NUMBER CF BACKENCS GIVING ¥IMIPUM CELAY;
TITLE3 50% ¥FCD, 10% FRICRITY CIGITS REPRESENT NUMEER OF EACKEMRDS;
TITLE4 WORK LOAD IS 3/2 RECUEST PER HCST:

PLOT TIME_E#HCST=MIN_BE TIME_H¥H_H=FIN_BE_H
TIME_J*H_J=PIN_BE_J TIME_E*F_E=FIN_BE_E

/ OVERLAY HAXIS=1 TO & BY 1

NOTE: THE PROCEDURE PLOT USED 0.83 SECCNDS AND 144K AND PRINTEC PACGE 1.

NOTE: SAS USEL 144K MEMORY.

+

*

+

SYSTEHM
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TABLE IX.I, BERNSTEIN DATA 1

M=50, P=10
Units are seconds
S = Standard deviation

- o S S D S S S S RS A WS D S S S D D e S D D D S S R D G5 G Sh G S R e h G D Sm Sm A D R e e S e S

H"-l' R=15, H=2' R=3OJ H:4; R=60:
£=3/2 £=3/4 £=3/8
B=2 £y 108.803 121.075 225.072
66.576 127.326 217.750
70.800 128.101 264.013
105.094 152.404 185.936
74.792 106.708 254.485
64.977 116.064 216.956
ER 81.840 125.280 232.369
S 18.059 14.115 274 TEE
B=4 K 99,095 112.106 185.268
70.388 130.904 214,287
84.078 114.372 208.217
94.167 124.656 165.402
81.430 142.928 246.381
69.464 1224708 167.965
ER 83.104 124.612 197.920
) 11.027 10.328 28.394
B=8 B 86.680 126.042 195.807
74.646 143.994 210.682
77.754 123133 210.682
69.432 101.867 214.370
72.589 137.811 192.165
76.932 142.985 223.411
ER 76.339 129.305 207.853
S 53.840 14.588 1.0 737
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TABLE IX.I BERNSTEIN DATA II

Units are seconds

S = Standard deviation
B=2 tR 110.033
H=1 76.238
R=15 69.987
£f=3/2 73.397
P=0 70.458
M=50 69.625

tR 78.290

s 14.383
B=2 tR 131.100
H=1 119.184
R=30 166.153
£f=3/4 122.569
P=10 139.893
M=50 123.476

tR 133.729

s 16.008
B=2 tR 150.815
H=4 135.541
R=30 135.44¢6
£=3/4 111.609
P=10 127.630
M=50 136.338

tR 132.897

s 11.742



TABLE IX.II CODASYL DATA

M=50, P=10
Units are seconds
S = Standard deviation

- o e b O AR T me SR D WD G W WD S WD e A D R S S S S D SR MR MDD am D T D ED e

H=2, R=30, £=3/4 H=4, R=60, £=3/8
B=2 t, 130.966 295.914
150.792 357.353
154.580 305.901
141.619 277.464
141.619 277.464
151.094 344.466
142.648 399,284
ER 145.283 317.230
5 7.915 27.511
B=4 tp 173.178 336.444
128.968 366.070
179.501 318.248
140.167 278.568
117.555 299,617
174.525 342.302
ER 152.316 323.542
5 24.388 28.723
B=8 tp  208.049
172.486
222.978
184.207
160.441
198.450
t, 191.103
s 21.182

- . S S D S T S D M R S e mm e D D W NS SR G SR SR SR S S e e S



TABLE IX.III ELLIS DATA

Units are seconds

S = Standard deviation
H=2, R=30, £=3/4 H=4, R=60, f=3/8
B=2 tp 125.419 2286.233
141.619 256.832
140.415 221.551
100.856 227.159
93.783 223.211
132.269 216.708
ER 122.394 228.949
S 18.635 13.030
B=4 €, 149.382 253.247
113.243 245.883
154.232 235.444
110.210 183.012
114.592 207.593
129.702 254.161
ER 128.560 229.890
s 17.608 26.191
B=8 t., 124.085 222.675
130.044 206.891
121.274 246.845
144.696 182.532
92.682 201.447
145.186 214.074
ER 126.328 212.411
S 11.225 19.737
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TABLE IX.IV HYBRID DATA

M=50, P=10
Units are seconds
S = Standard deviation

H=2, R=30, f£=3/4 H=4, R=60, f=3/8
B=2 t, 125.410 203.755
110.522 232.493
138.171 236.550
149.829 234.567
110.066 263.313
115.066 214.772
ER 124.844 230.908
S 14.840 18.688
B=4 te 88.680 174.587
84.242 158.409
102.984 195.134
99.170 162.236
96.510 165.982
107.947 216.724
ER 96.589 178.845
g 8.078 20.725
B=8 t, l24.427 171.049
108.333 181.946
106.263 198.536
119.476 193.412
99.626 197.095
95.179 198.136
ER 108.884 190.029
S 10.283 10.207
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TABLE IX.V JOHNSON AND THOMAS DATA

M=50, P=10
Units are seconds
S = Standard deviation

R e D R WP e SR ED D YD D e A TR WS SR T D D R AR SR D D D TR e SR D MR SR e D Sm e e S A E m w A

H=2, R=30, £=3/4 H=4, K=60, f=3/8
B=2 t, 115.550 258.967
110.099 173.876
94.905 187.884
135.467 201.718
126.467 204.634
104.376 226.576
ER 114.477 208.942
S 13.477 27.560
B=4 tp 98.306 201.824
86.670 171.453
115.497 203.692
120.272 155.219
85.806 185.286
125.862 175.745
ER 105.402 182.203
s 15.952 17.038
B=8 £ 85.760 217.434
100.415 135.777
123.200 202299
87.355 184.900
124.489 160.672
135.392 195.400
ER 109.435 182.747
S 19.232 %7 . 214



TABLE X DATA FROM NORSWORTHY MASTER”S REPORT (15)

H=1, R=15, P=0, f-3/2 sec
Units are seconds

S = Standard deviation
MODEL M B E

CODASYL 50 2 86.066
4 93.641

8 98.029

35 2 88.520

4 75.141

8 84.298

20 2 78.990

4 68.245

8 77.068

Hybrid S0 2 82.648
4 74.143

8 66.599

35 2 69.179

4 66.779

8 64.166

20 2 61.346

4 66.908

8 62.362
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Johnson

and

Thomas

35

20

35

20

72.547
82.234
78.655

74.978
69.110
64.039

78.942
68.969
69.882

79.509
75.864
53.809

60.785
56.694
63.775

68.574
59.578
63.818
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ABSTRACT

This report describes a simulation study comparing
performance factors of five methodoclogies designed to update
redundant data bases and maintain consistent data.

The following methodologies are studied in the computer
simulation: (1) Bernstein, (2) CODASYL, (3) Ellis, (4)
Hybrid, and (5) Johnson and Thomas.

The methodologies are compared in various system
configurations.

Using mathematical models formulated from the study’s
simulation data, methodologies are graphically compared
varying system and experimental parameters.

A new consistency algorithm for redundant data bases 1s

proposed.



