A Study of the Performance Simulation of a
File-Server-Configured Micro-Lan

Paul Roth
llan Katz

TR 87-9

February 25, 1987




TABLE OF CONTENTS

INTRODUCTION AND OBJECTIVES

SUMMARY OF CONCLUSIONS

RESEARCH PLAN

.

MODEL DEVELOPMENT.

-

.

System Description.

External Process.

Internal Process.

-

.

MEASUREMENTS AND BENCHMARKING METHODS.

MODELING APPROACH AND METHODOLOGY

ANALYSIS OF EXPERIME

RESULTS. . .

-

NTAL AND SUMMATION

SIMSCRIPT Program Description.

FUTURE RESEARCH

ACKNOWLEDGEMENTS

.

.

.

.

Page No.

10
13

16
24
29
32



Figure 1

File-Server LAN: Star Configuration 6
Figure 2
NetWare Software Architecture 8
Figure 3
External Cycle - Request Data Path 8
Figure 4
Process Burst Sequence 15
Figure 5 .
Read Request Process 15
Figure 6
Workstations - 128-Byte Read
From Cache (Star Network) : 17
Figure 7
Workstations - 128-Byte Read with
Disk Access (Star Network) 17
Figure 8
Workstations ~ 128 Byte Write
Average Response Time 18
Figure 9
Workstations - 512 Byte Read with Disk
Access Model Data (Includes Think Time) 18
Figure 10 .
Workstations - Read From Main Memory
(Bus Network) (Measured) 20
Figure 11
Workstations ~ 128-Byte Read From Main
Memory (Bus Benchmark vs Star Model) 20
Figure 12
Subsystem Effect on System Response Time
(Hypothesis) 23
Figure 13

Directions For Growth of PC-Lan Simulation
Research 30



APPENDIX A

Benchmark Program (BASICa) . . 1

Benchmark Data . . . . . . . . 3
APPENDIX B

Internal Model: GPSS Program . 1

GPSS Program Output. . . . . . 5
APPENDIX C

External Model: SIMSCRIPT II.5S
Program . . . . . . . . . . . 1
SIMSCRIPT II.5 Program Output. 7




INTRODUCTION AND OBJECTIVES

This document is a final technical report on a research study
that was conducted by Virginia Tech under joint grants from the
Virginia Center for Innovative Technology and the National Bureau
of Standards in cooperation with the Applied Research Section,
Internal Reserve Service.

The research program incorporated a pilot program to develop
simulation-based performance evaluation techniques for Micro-LAN
systems, with the objective of predicting network performance
characteristics such as response time and CPU utilization, under
varying traffic conditions and different LAN configurations.

The main quantitative objectives of this research were:

L. To investigate performance characteristics of a micro~LAN
system, utilizing discrete-event simulation technigues.

2. To develop a prototype modeling tool for use by system
managers and/or designers that would deliver reliable
predictions of system performance.

3. To increase the awareness of the micro-LAN user community to

the possibilities of using -discrete-event simulation
techniques as a configuration design tool.

SUMMARY OF CONCLUSIONS

1. Modeling and Simulation is Feasible _
A simulation model of a star-configured PC-LAN employing the
Novell NetWare file-server operating system was synthegized
and verified through a program of benchmarking runs using
the actual system and software in configurations of up to 11
workstations. In other words, the model reliably predicted
file-server network performance.

2. File Server Model Has General Applicability

The simulation model predicts the response of the file
server to a stream of read and write requests produced by a
workstation's local program which is transparent to the file
server. The model appears to be able to process any stream
or burst of requests which is generated by an appropriate
model of the workstation local processing program, e.d.,
DBMS, Lotus, etc. Further work to refine this "black-box"
use of the model is suggested.




3.

4.

Model Has Led to Insights into System Behavior

Observed Behavior: Response-Time Linearity

We found that, in every instance observed, the average read
or write response time increases linearly with respect to
increasing numbers of workstations, when the request rate of
each workstation is the same. We have termed this
Phenomenon "line-blocking”; the observed behavior can be
explained by NetWare communication-handling features.

Hypothesized Behavior: Hierarchical Bottlenecking

From the behavior of the system, both modeled and actual,
certain observations have 1led us to hypothesize the
exXxistence of a hierarchy of system bottlenecks, in which the
System appears to enter "regions" where the response time
rate-of-increase incurs an abrupt change of slope, and which
are assumed to be caused by the response time being affected
by a component which is bottlenecked by the workload rate of
requests. It 1is suggested that, in hierarchical order,
these components are (1) server disk, (2) server cache/CPU,
and (3) network communications. Other observations suggest
that the communications bandwidth characteristics may
preclude it from constituting a major bottlenecking factor.
Further research should be conducted to verify this far-
reaching hypothesis. :

Model Predictions are Generalizable

The simulation model was designed to predict the average
response time of the star-configured NetWare server to
requests generated by remote workstations. While the
initial experiments dealt with a saturation-level workload
(i.e., continuous running, with no human "think-time"
pauses), analysis hag lead to the Postulation that pauses or
interruptions in the work stream may have the effect of
shifting the response curve to reflect improved response
resulting from the decongestion of the system due to the
bauses acting to lower the net worklecad rate. This suggests
the hypothesis that a single model might serve to represent
a variety of configurations, where the workload stream
represents the variable quantity. Experiments with the
model confirmed thig behavior; exXperiments with a benchmark
system need to be performed.

Another observation concerned a benchmark experiment with a
large number of workstations connected to the server by a
bus network, rather than a star. Measurements taken
indicate the same linear response pattern as that of the
star.  Also, comparison of the measured response with that
of the simulated bus system indicated a close correspondence
of attained values in the linear response region of each
System. What is suggested from these data is the hypothesis
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that the network effects on the system response is small in
the regions explored; this corresponds to the "hierarchy"

hypothesis above. This also suggests the possibility that
one simulation model may be usable over a range of network
topologies. Further investigation may verify these
hypotheses.
5. The "External” Model Domain is Sufficient for Performance
Predictions
The performance results were attained with a so-called
"external" system model: this incorporates a high-level

description of the PC-LAN (NetWare) operating system as a
component in the request execution stream. The high~level
characteristics were abstracted from a detailed simulation
of the operating system, which represented a detailed level
of phenomena: this was termed the ‘"internal model”. The
abstractions were employved in the "external" model under the
hypothesis that low level features would have little effect
on overall response time. S0 far this has held true, but
should be explored more thoroughly.

RESEARCH PLAN

The initial phase of the research was a literature search
conducted to assess the state-of-the-art of LAN modeling and
simulation. A bibliography was generated.

The first modeling phase had, as its object, development of a
detailed discrete-event simulation model of the Novell NetWare
operating system. This model could be used to generate system
performance data at the operating system level: its synthesis
would provide enlightenment on the internal operation of the
system. The model, termed the "internal model", was created with
the help of the NetWare designers, who provided information at
two sessions at the ©Novell, Inc. plant. As it turned out, the
utility of the model was limited, but the insight gained into
system operation as a result of the modeling process was
invaluable in the development of a second model. The utility was
limited = because timing data on the operating system was
unobtainable either from Novell or through any laboratory
measurements feasible under our research plan. Therefore, though
the operating system detailed model was not used per se, it did
influence the results of the research.

The second modeling phase had, as its object, development of a
discrete-event simulation model of a NetWare file server system,
operating in a network environment. The functions of the
detailed operating system were to be abstracted as a "black box"
representation of the detailed model; this model was to process
work units of realistic bursts of requests and to show the




sensitivity to such variables as number of terminals, '"think"

time, etc. This model, termed the "external model", was
implemented in SIMSCRIPT II.5. Again, the Novell designers were
helpful in providing design information. This model was

calibrated through a program of combined benchmark experiments
coupled with model tuning.

The benchmark phase of the program resulted in the accrual of
experimental data which was used to tune the simulation model.
It comprised of a series of planned, intensive network-running
sessions at appropriately-configured network installations. Both
grantor and grantee personnel contributed heavily to these
sessions, some conducted in the Washington, D.C., area, some in
Ogden, Utah. The experiment plans called for obtaining
performance timings from system configurations which varied as to
number of nodes, size and type of system workload, memory
configuration, etc.

The documentation of the project was accomplished in two phases.
An interim report was produced to cover the design of the
"internal" model and report the literature survey. This final
report documents the major effort, that of the "external" model
and its results, but alsc includes elements of the interim
report. A separate study, also included under this project, but
conducted independently, involves the application of the
SIMSCRIPT II.5 "external'" model, reported herein, as a processor
for request streams generated by particular terminal software.
It is reported in the Interim Report.

MODEL DEVELOPMENT

System Description

The research encompassed a specific micro-LAN system which was
arranged in a file-server configuration, where independent
microcomputers store and retrieve data from a central node called
a file server. The research was dedicated to a specific file
server module: the Novell '"NetWare" operating system. The
conduct of this research included meetings with Novell, Inc.,
technical staff, to provide an in-depth understanding of the
operating system, far beyond what might be obtained from the
literature (commercial or scientific). The knowledge and
understanding gathered in this process were then transformed into
a flow-chart, functional {block diagram) model which describes
network request-processing within the file-server. This model
was later implemented in GPSS as an internal model of NetWare as
a network operating system.



A more general model that encompassed the file server,
workstations, and communication channels was then constructed and
implemented in SIMSCRIPT II.5. It was later refined and tuned to
reflect performance parameters based on benchmarking results
derived from experimental runs with a real system. Because of
the large variety of configurations, topologies, and versions in
which NetWare appears, the model was tuned to a specific version
of the operating system which is implemented as a "star"
configuration using Novell's S/68000 hardware~software system as
a file server,

This study was limited to those functions of NetWare that had a
fundamental effect on system performance: Read and Write
requests. Other functions such as data~integrity, security and
file opening-and-closing were not included in the scope of the
model.

The hardware configuration of the system is shown in Fig. 1 and
consists of a central file server which regulates storage and
retrieval of information froem the disk system and also manages
network services such as file spooling for printout, and gateways
to remote mainframes or networks. The file server is connected
through dedicated communication cards and channels to
microcomputers which function as independent workstations.

The central file server is a Novell 68B-type server, designed to
support the Novell S-Net topology. Up to 24 microcomputers can
be attached to the server module with individual cables. The
server's main CPU is a Motorola MC68000 processor running at 8
MHz clock~rate, able to access up to 8 Mbytes of main memory.
Communication with workstations is managed by dedicated Network
Interface Cards {(NICs) built around Motorola M68B03
microprocessors. Similar NIC boards are installed at each
workstation and communication is maintained at a rate of 500 K
bits-per-second using a dual twisted-pair line.

The NetWare software configuration is shown in Fig. 2. It
consists of four major software components: workstation and file-
server operating system, workstation network interface (referred
to as "NetWare Shell"), file-server operating system; and network
communication utilities.

The workstation's operating system can be any version of MS-DOS.
The NetWare Shell intercepts all calls directed from the appli-
cation to the local DOS, transfers the local calls to DOS, and
processes the others into file-server reguest packets which are
then sent to the file server. Because of its DOS compatibility,
the NetWare shell makes all network operations transparent to the

executing application. :
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Basic communication between the file server and the workstations
is managed by utilities that implement the NetWare File Service
Protocol (NFSP) provided by NetWare, which allows the shell to
form, send, and receive communication packets. In normal
operation the file-server only sees streams or bursts of "read"
or '‘write" request packets which have been generated by the
workstation shell.

The main component of the network software is the file-server
operating system (referred to in Fig. 2 as '"File Server
Software"). The file-server ©0.S. is multi-tasking and multi-
threaded, which means that one task does not have to run to
completion before another may begin, thus preventing idle inter-
vals during slow operations such as disk access, while other
tasks are waiting to be serviced. Tasks are given different
priority levels, allowing more important tasks to be serviced
quicker.

External Process

The system can be described as having two processing cycles: an
"axternal" cycle which includes the workstation, communication
channel, file-server and disk system; and an "internal" cycle
which encompasses the processing of requests once inside the file
server.

Fig. 3 depicts the "external" cycle request path into the server.
It starts with the workstation application submitting a DOS-like
network regquest, which after some local processing, is turned
into a request packet. It is transferred to the local NIC card,
and then transmitted through a dedicated channel (on the "star"
configured system) to the NIC card on the file-server. The next
step involves communication between the NIC card and NetWare,
after which, actual processing of the request (as described by
the "internal" model) begins. Once a reply packet is ready it
travels back the same way: from main memory to the NIC board,
then transmitted to the requesting station's NIC board from where
it is transferred to the workstation's main memory with
appropriate notice to the shell which can now resume operation of
the calling application process.

Internal Process

The "internal', or operating system, process execution cycle
encompasses the possible processing paths a request may follow
before being sent back as a reply. 2 flow-chart and further

details are_contained in the Interim Report.
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The initial position of the request is as a packet stored in the
NIC's memory. An operating system routine called the "polling
process" scans these buffers in a round-robin fashion and if a
request is found waiting, it is read into main memory. Once in
main memory, the request is assigned to a "server process'" which
actually keeps track of the status and location of the request
and runs in parallel, i.e., competes, with other server
processes, for the resources required to answer this request.
The number of server processes is limited to 8 and the polling
process stops its scanning cycle if all 8 of them are busy, and
resumes when at least one of them becomes free again. The
pelling process, being of lower priority than the server
processes, must wait for the CPU until server processes no longer
request the CPU.

As a first step of its processing, the request is decoded and

interpreted to be either a "read" or a "write" request. Using
the Iinformation provided by the requesting station, a unique
file-record address is formed. The next step of processing

depends on the type of request and the location of the specified
record. In the case of a read request where the record resides
in disk, the server process submits a request to another process,
called the "disk process", to fetch the required record from the
disk, by writing the request parameters intoc an area in memory
which serves as the disk gqueue. The requesting server process
then suspends itself wuntil disk operation is complete and the
desired record is brought to a special area of main memory,
termed "cache" (not a hierarchical, high-speed "cache"), where it
remains until eventually overwritten by another record.

If the desired record is already in cache memory, the activation
of the disk process and the whole disk cycle are eliminated and
the server process may proceed with the processing, uninterrupted
to completion. The policy of keeping the last-referenced records
in main memory to prevent additional disk accesses is termed as
"caching”. The last step in processing the read request is to
form the reply packet and send it back to the appropriate NIC for
transmission to the calling workstation.

For a write request, location of the desired record is identified
first. If it is found 1in cache, the server process writes the
data included in the request packet into this cache block and
marks it as a "dirty" block. A reply packet is formed and sent
immediately to the calling workstation. The "disk write" process
will take care of copying the modified record from cache to disk.
This process doesn't take place immediately. In cases of only
slight modification, say 10 percent of a cache block, the
operating systems "believes" that more modifications are soon
expected and will refrain from writing that record to disk. In
any case, 1if 3 seconds elapse without further changes made, this
record is put into the disk write gueue.
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In case of a write request to a record which is not in cache at
the moment, a cache block is selected according to a "Least
Recently Used" algorithm to accommodate the new data. The
selected cache block may, however, be dirty, itself. This means
it was recently modified but not yet copied to the disk. In such
a case the selected block must be cleaned first by immediately
writing it to the disk, invoking for this Purpose another process
called "write-now". Meanwhile the server process that handles
the original write request is suspended. Only after the block is
clean can the server-process overlay it. A reply packet is then
formed acknowledging the receipt of the packet, and the write
process will then take care of writing the newly modified block
to disk, according to the same rules described above.

An important system parameter is the amount of available cache
memory: the more available, the greater are the chances that a
record will be retrieved without accessing the disk, thus
achieving shorter response times. Another significant parameter
is the size of cache blocks in main memory. The relation to
response time is generally more complicated in this case and
depends on the type of application running on the network {large,
contiguous files vs. small, random queries).

Disk access, as the slowest step in request processing, was given
special effort to make it as efficient as possible. The disk
queue 1s sorted according to the relative distance of the
required  record from the disk-head position and an "elevator
seek" mechanism is applied to control the head's movement.

MEASUREMENTS AND BENCHMARKING METHODS

As with any modeling effort, a key element for describing a
complete picture of the system is getting reliable, accurate
timing information that, together with the knowledge of the
system's sequence of execution, will enable the scaling and
validation of the execution model to vield meaningful and
reliable predictions of its behavior under different loads,
configurations, etc.

NetWare's construction and installation precluded the direct
measurement of execution times. No provisions were made by
Novell to make "patches" to the operating system in order to
"time-stamp" the execution time of a request or segments of it.
The options to perform measurement were either: get a rough esti-
mation by scanning the code and "hand-time" the instructions
required to perform a certain task; or make external measurements
using a benchmarking procedure that would run on the work-
stations. The second option, corresponding in level-of-detail to
the "external" operation, was chosen, and a special purpose
benchmarking program was designed, written and executed in order
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to obtain end~-to-end response times of requests.
Appendix A contains the listing of the BasTC benchmarking
program.

requests, the main idea of the benchmark program was to write and
read to/from files in the file-server's memory in a repetitive
fashion. By using the IBM PC DOS timing utility to measure the
response time of a burst of requests (all of the same type), and
then dividing by the number of requests, the average response
time-per-request was ocbtained. By repeating the experiments for
local and network operations and for different types of requests
(read from a private file in cache, or from a shared file stored
in disk, randomly or sequentially, etec.), some inferences could
be made to quantify the time durations spent in: local processing
of the request; communications; file-server CPU utilization and
disk access.

One of the objectives of the benchmarking process was also to
define the performance envelope, or capacity, of the network for
different types of reguests as outlined above. For this reason
the measurements were conducted in "saturation" mode: the maximum
request generation rate that individual workstations could
produce. Capacity limit could be reached by adding more stations
to the experiment until some bottleneck was reached. The
definition of capacity limits would enable system designers to
extrapolate these numbersg, according to the intended application
workload profile, and thereby obtain estimation of the saturation
response time of a certain configuration.

Since "saturation" represents a worst-case workload condition,
any realistic definition of workleoad would certainly cause an
exXpected improvement in response time performance, due to
lessening of system congestion, resulting from inter-burst and
user time delays,

Two other system parameters besides response time were also
recorded during the course of the experiments. CPU utilization
and disk-queue length are two parameters sensed by NetWare and
displayed on the monitor Sscreen: they are updated on intervals of
l-second and represent the average value during the last

interval. These parameters were found very useful in the
validation process and in understanding the operation of the
operating system during execution. A sample of measurement

output is showed in Appendix A.
Experiments were conducted at the following facilities:
1. IRS Applied Research Branch, Alexandria, "Vva: 6-node
LAN of mixed PC-compatible workstations (TI's, IBM-

PC's, and IBM-AT), using Novell S-Net(star) for
communication: :
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2. IRS Service Center, Ogden, Utah: 10-node LAN comprised
of IBM PC's, XT's and a Compag, using S-Net;

3. Novell, Inc., Service Center at Tyson's Corner, VA:
1l-node LAN, all (except one AT) IBM PC's, using S-
Net;

4. Virginia Tech Computer Science Dept., Falls Church, VA:

3~-node PC network, bus topology, using an IBM AT as a
gerver host, and Orchid PC/Net for communication.

5. HCI, Inc., Reston, VA: 30-node system of mixed
workstations (mostly PC-compatible c¢lones), using an
Arcnet communication bus with a Novell 286B {(bus) file-
server.

The main problems encountered in this undertaking was the
inability to secure the use of a large, homogeneous network,
which would have enhanced the contrellability of the experiment.
In this context, some general observations can be drawn before
describing the actual benchmarking results:

1. Though they showed similar behavior, Networks 1-3
exhibited slightly (about 15 percent) different results
which may be attributed to the differences in hardware
modules for the file-server and the disk system.

2. Different workstations vyielded different results: an
AT, for example, always gave the most variable results.
Some possible reasons may be different BIOS versions or
CPU~to~NIC board mechanisms.

3. The experimental network acquired under the grant, at
the CS department, though very useful as a development
tool, was not adequate for full-scale benchmarking
experiments because o©of the small number of nodes and
the wide range of results attributed to communication
inefficiency (lost packets) of the 0Orchid interface
boards.

The benchmarking experiments were designed so that operation of
different subsystems could be isclated as much as possible.
These experiments included:

1. Reading sequentially from a private file totally in
cache. '

2. Writing randomly to a private file totally in cache.

3. Repeating the above with different sizes of records
(128 and 512 bytes).

12



MODELING APPROACH AND METHODOLOGY

The design and development of the "external" model took place in
Parallel with the benchmarking brogram. Both modeling and
benchmarking evolved in pParallel as more facts were gathered ang
as the model was refined by more understanding of the system's
Ooperation in 3 feedback Process.

The initial abpbroach was to build a detailed "internal" model of
the file-server operating system detached fron the external
environment {communicationsg and workstations), Since the file
server is the central component in this sSystem, it was
anticipated that a detailed model would provide response time
distributions which could later be implemented as a "black box"
¢component in g3 broader system model to include itg external
environment. The internal model was implemented in GPSS/H and
GPSS-PC: 3 listing of itg current version ig shown in Appendix B,

In the internal model, requests from workstations are viewed as a
single incoming stream where only an assigned parameter signifies
the "source" of the request. This approach Was taken under the
assumption that the file server and its request Stream can be
modeled as 4 Poisson-arrival dqueuing system. The model includes
all major operating system Processes described Previously. Cache
is implemented 45 an array where each cell represents a cache
block and its assocliated dirty bit, Requests Specify a record
number which serves as the rYequest's address, and the Processing
follows the description Outlined in the System Description
Section, €xXcept that the LRU bPage-replacement algorithm was not
modeled. a random cache-block replacement algorithm was used
instead, since no data on locality of requests was available.
Record numbers Specified in the Féquests where assumed to be
uniformly distributed over the range of possible records. The
internal model is driven by parameters such as request arrival
rate, the percentage of read/write requests, cache size, and the
size of Tequested records. a sample output ig also provided in
Appendix B.

The nmain Problem faced during the course of developing the
internal model was validation. No data or measurement techniques
were available to determine internal execution times. The model
was, therefore, parametrically driven, That means that, in itg
current state, this model can be used only to look at the file
server's hehavior Sensitivity rather than to provide calibrated
Predictions of its performance. However, the sensitivity
Observed from berformance experiments have given much insight
into the behavior of the internal module when being tested as a
modular component of s higher level model.

13



Another problem concerned the implementation of complex process
interaction operations, which occur in NetWare, These pProblems,
among others, dictated an approach change towards the concept of
a4 general model at a higher level of description, to include, ag
modules, not only the file-server, but also communications and
local processing. Internal brocesses would be modeled to a level
of detail to the point where further detail would not affect the
system's performance sensitivity, as seen from the point-of-view
of the user or an application running on a workstation. For
example, a detailed representation of the polling process is
eliminated, and a representative polling time is lumped into the
total CPU time required to process a request. Similarly, cache
is not explicitly implemented: the disk-access rate is governed
by a hit-ratio which is defined as an input parameter to the
model. This model, implemented in SIMSCRIPT II.5, was validated
against the benchmarking results. An additional version of the
model was constructed for Dbus topologies which implement the
CSMA/CD MAC schema (EtherNet). This model however Was not
validated because of a lack of a LaN System on which to perform
benchmark experiments.

The "external” model was designed so that it could be validated
and refined by the experimental results derived by the bench-
marking program. Thus, it reflects a similar sequence of opera-
tions to the benchmarking program which involves the entire
system (workstations and the file-server). - Figures 4 and 5
illustrate the eéxternal process from two aspects. 1In Figure 4,
the process 'burst' Sequence is depicted by a burst of N requests
sent from the workstation to the file-server (either a "read" or
a "write" request). Since workstations are blocked between
requests, these requests are sent sequentially, after an inter-
request local processing time. After the burst is finished, the
workstations are silent for some time, which can be considered as
a longer local processing time or as the user's "think time",
before a new cycle of request-bursts begins.

The process burst seéquence depicted in Figure 4, controlled the
frequency of requests presented to the system, This fregquency
was usually specified at a value sufficient to cause the system
to operate at or near "saturation” during most experimental
Situations.

Figure 5, describes in greater detail the processing procedure of
a single read request, and may be considered as an enlargement of
the "request" block in Figure 4. A request is originated by a
workstation after local processing time which produces a request
packet indicating the type of request and the originating sta-
tion. The request packet is then sent to the file server over
the communication line, an operation which also consumes a cer-
tain amount of time. Upon receipt at the file-server, the packet
is stored in a queue until its turn comes. At this point, it is

14
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decoded: if a disk I/0 is required to answer the request, it is
queued for the disk, otherwise, it is processed immediately. &
response packet is then generated by the file- gserver (containing
either the requested data or some other indication, and isg then
sent from the file server back via the communication line to the
requesting workstation which spends some more local Processing
time to decode the response before preparing the next request.,
Times shown in Figure 4 and 5 are empirically derived.

As- benchmark experiment results came available, the external
model was refined to reflect these results in a calibration
process, termed "fine-tuning". The satisfactory degree of
convergence of the simulation program results with the actual
experimental results provided the needed confidence in its

validity. In typical practice, data points whose measure of
convergence is within a range of 10-15 percent are considered
satisfactory. Appendix C presents a SIMSCRIPT program of the

external model and an output sample.

ANALYSIS OF EXPERIMENTAIL AND SIMULATION RESULTS

The following data were obtained from the benchmarkiﬁg experi-
ments and their corresponding simulation program results:

1. Average response time (msec.) per request.
2. CPU utilization.
- 3. I/0 pending. - Number of records waiting in the disk
queue.
q, Request Response Rate - The number of requests {(per

second)} answered by the server.

Of the above parameters, the first is the most representative
"user-oriented" performance measure and is 1illustrated herein.
Figures 6-8 show graphic comparisons of measured average response
times to those predicted by the model for the "star"
configurations (Ogden and Tysons Corner).

Another interesting comparison 1is provided by Figure 9. This
presents the comparison of model-derived average response times
showing the effect of "man-in-the-loop". This was achieved by
the insertion of 5- and 10-second time delays into the exterior
loop of the process Burst Sequence, illustrated in Figure 4,
which imparted a "human-dynamic" delay time into each inter-burst
seqguence. What is shown in the resulting data is that the usual
"flat/linear" pattern of response time is obtained but that the
transition point between flat and linear is translated out on the
X-axis by an order of magnitude. This can be analytically
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e
frequency of requests received from a workstation, and that as
the delay increases, the frequency of received requests
decreases, diminishing the load eXperienced by the server, A
decreased load would result in decreased walting time, therefore,
more workstations could be accomodated. Thus data Supports this
analysis by showing by comparison of transition points, that more
manned stations can be accomodated, and also that the model is
sensitive to a variation in the number of stations. One can
therefore derive the conclusion that the model is general enough
to represent either manned or unmanned configurations. It should
also be noted that verification of these predicted results could
not be accomplished due to the inability to bProvide a large (to
150 +) manned workstation environment.

The benchmark data obtained from running the Hecr system were not
integrated into the analysis of the data obtained elsewhere
because they could not be directly compared with data from the
simulation model. This was unfortunate because the HCT system
provided observation with a 20-workstation network. The reason
for the incomparability was that the HeCT installation had
architectural differences from the system represented in the
model: it had a bus architecture and contained a polyglot
assortment of microcomputers running at different internal
speeds, using different versions of MS-DOS, Even so, this system
exhibited internally-consistent response-~time profiles so similar
to those of the star-oriented system that the implication may be
drawn that the current simulation model, with some incremental
changes, might be tuned or modified to represent bus, or other,
architectures. Figure 10 shows a comparison between reads of
different sizes measured on the "bus" system; Figure 11 compares
a "bus" measured read with a "star" modeled read. This line of
investigation would be an appropriate subject for further
research.

From the data Presented in the figures, we can identify two per-
formance regions: 1) where response time does not increase with
the number of terminals sending saturation leve] reqguests (both
Observed and predicted}, and 2) where it increases almost linear~

ly with the number of terminals. The first region, termed the
"flat region", is where the system can handle the load without a
noticeable increase in response time. The size of this region

depends on the type of operation: with requests of small record
sizes that do not require disk access, the file server's CPU is
the first resource to create a bottleneck in the system.

However, since the Processing time involved in such requests is
relatively small, the flat region may span as many as 10-13
terminals, all loading the server at the maximum request rate
that they can generate.
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The second performance Iesponse region that can be observed from
the data as more terminals are added to the experiment, is the
"linear region". In this region the system appears to have
reached some bottleneck, and works close to its full capacity for
this operation: the result is an increase in response time where
the corresponding request response-rate and CPU utilization are
rising slower and then level off when reaching their capacity
limit,

A phenomenon that may be unintuitive at first is the linear in-
crease in response time. An eéxXponential increase would have been
less surprising, but this phenomenon can be exXplained by the fact
that this system is not an open, Poisson-driven system. After a3
station has sent its current request, it is inhibited from send-
ing the next request wuntil a reply to the Previous one has been
received. This "line-blocking" mechanism is implemented both by
the local shell (which, after sending a request packet waits for
an event of a reply arrival, or retransmits the request after
some timeout expired) and by the NetWare operating system which
will discard duplicate or multiple requests from stations which
are being currently served. Line blocking ensures that the re-
quest arrival rate can never exceed the pProcessing rate, and as a
result, imparts a4 "graceful degradation" - response time in-
creases at a fixed rate - as more terminals are added. Another
way of explaining this phenomenon involves the realization that
the server input queue can never exceed the number of communi-
cation line buffers.

By dividing the observed CPU utilization by the request response
rate, an empirical formula was constructed to estimate the
required Processing time for read requests that do not require
disk access. It isg a linear equation of the form:

T = AX + b,

where T is pProcessing time in milliseconds, X is the record size
specified in the request, A is a size coefficient, and b is an
overhead factor. Using results obtained for 128 and 512 bytes in
the Tyson's experiment set, the A and B factor were obtained and
the CPU processing time was found to be: :

T{msec) = 0.00166*X + 1.597 (X in bytes).

This formula obtains the maximum processing capacity of the
server: for requests with 128-byte record size, capacity is on
the order of 550 requests per second. For requests with 512-byte
record size, capacity is on the order of 400 requests per second.



A similar analysis was made for requests that involve digk
access. 1In this case more CPU time i1s required for extra code
that needs to be executed pPlus the time it takes to transfer the
data from main memory to the disk channel. By changing the cache
block size from 512 bytes to 4096, and repeating the experiment,
two sets of results were obtained that, though different, repre-
sent the same operation. The difference is due to the fact that
in the first set records of 512 bytes were transferred across the
disk channel, while on the second, 4096-byte records are trans-
ferred. Since disk channel capacity is fixed - in bytes per
second - its capacity in records-per-second varies from 35 to 24.
This information, pPlus the CPU utilization recorded during the
experiment, led to a second empirical formula that predicts the
disk transfer time for a record of size Y to be:

TZ2{msec) = 0.00190*Y + 7.§ (Y in bytes},

where the coefficient represents the variable size part and the
constant represents the extra code involved in performing the
disk access. Looking at the disk as a subsystem, a third
empirical formula was derived which connects the disk read/write
operation to the access time and the transfer rate:

T3(msec) = 0.00360*Y + 27 (Y in bytes),
Where the constant part represents the access time.

The above results leads one to view the System as made up of
components which are strongly coupled, but which run at different
speeds and are sources of different bottlenecks. The disk system
is the slowest component; communication the fastest; with cpu-
bound pProcessing in the middle. However, because of the line-
blocking mechanism, service time from these components stays
linear even when their maximum capacity is reached. Figure 12,
depicts this idea by showing hypothetical response time in re-
relation to the number of terminals involved in the experiment.
Since the service-time curves are not identical for the iength of
the flat and 1linear regions for the different subsystems,
Fesponse time will be affected at a particular number of
terminals by one subsystem, and as the number of terminals
increase, by anocther.

This hypothetical portrayal of system behavior should be verified
by further experiment and observation.
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SIMSCRIPT PROGRAM DESCRIPTION

Structure of the modeil. The Program jg divided into two
functionay pParts, The first is an Auxiliary part that defineg
‘the Structure of the simulation PXogram, ang includes the
PREAMBLE, MAIN, STAT.GEN Process, INPUT.PARAM Subroutine and
CUT.SIMUL Process, These in effect, are Subroutines which
initialize the model and generate the Qutput report, The second
Part containsg a description of active objects (e.qg., requests) ip

the systen and their interaction. It consists of the STATION,
SERVER ang DISK Processes, These Program modules gare those that
actually execnte the Simulation brocess, The following is a

The PREAMBLE defines the brocesses ang the temporary entities in
the nmode] and theijr ‘means of interaction through the use of

Feentrant code and g COPY of the data Structure which must be
Created for €ach instance of a request from a Station. a Station
must have, therefore, & name (an address to the location of this
data-structure, and a RESP.BUFFER which ig 3 Pointer tqo a buffer
that contains the responses coming back from the Server. The
Server has 3 STATE, which is a Means to allow Synchronization
between Processeg, Unlike the real System, where Stations ang
Server run concurrently and independently, Processes in a
discrete event Ssimulation Program are eXecuted one at a time
until forced to relinquish the Cpyu, at which time they may be
Suspended awaiting the OCCurrence of Some event, Thus, the fact
that they are currently not actively running doesg NOt mean that

they are npnot "activer, State-variables are used to define theiyr
aACtivity statyus and Synchronize the active Processes. The SERVER
Process has a unique number (for future multi-server

configurations), 4 DISK.RESP tq Store responses from the disk,
and a REQU.BUFFER to store requestsg coming from the Stations.

Requests ang reésponses are defined ag temporary entities in the
model just like in the reai system, They are Created and
destroyed by the Stations ang the server, Each hasg & uhique
Sserial number ang other fields that carry information for
Statistical PUrposes, generation time and Completion time, and
for Operational Purposes, Source and destination nodes, sIZE and
MODE (sIzE® is the request gsize in bytes ang MCDE is current
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read/write Status}. The "define to Mean" portion of the PREAMBLE
allows the eXpression of time units in milliseconds and seconds;
status as BUSY/IDLE; and mode as READ/WRITE. The preamble also
defines what Statistics should be gathered during the simulation,
turnaround time for requests, server utilization, Server's input
buffer size, and disk input buffer size,

MAIN

The MAIN routine "boots up" the model by reading in the input
Parameters. It will then invoke the STAT.GEN routine which will
Ccreate the structure of the modeled network and pass contrel to
the "run-timen simulation controller. The MAIN routine allows
repetition of the Process with new sets of input data through the
use of FOR loop.

Subroutine INPUT.PARAM

This subroutine reads in the input parameters from the input file
specified in the JCL commands. Tt consists of 4 READ Statements,
therefore there Will be 4 lines in the input file for each set of
input Parameters. It will then print out the given set of input

Parameters. The following is a description of each parameter in
the set:
1 HIT-RATIO - This 18 an integer number ranging between 1

2. NUMBER OF STATIONS - As the name implies, it defines
the number of stations that will be active in this
simulation run. This is an integer number equal to or
greater than 1.

3. REQUEST RECORD SIZE - Defines how many bytes will bhe
stored or retrieved in every request (Integer value).

4, CACHE BLOCK SIZE - This is ap internal server parameter

which defines the size of data block transferred from

- Main memory to disk and vice versa (real number in
Kbytes, €.9., 1.0 represents a 1-Kbyte cache block},

5. INTER BURST TIME - This value, in milliseconds, defines
the time spent on local Processing and ‘"think time"
between consecutive bursts of requests (input as a real
number),

6. INTER REQUEST TIME - 1In milliseconds, represents some
local bProcessing time between Successive request within
& burst (input as a@ real number). Usually short
comparing to the inter burst time.



(integer).

8. CACHE SIZE - Size of server's main memory allocated for
caching, defined a5 an  integer number of cache blocks

9. TOTAL NUMBER oF REQUESTS - Defines the total number of
Tequests to pe Submitted ip this simulation run by all
Stations combined. If Mostly concerned with bursts
rather than individual regquests, multiply total number
of desired bursts by the burst size to determine the

value of thig Parameter {integer).

10. READ/WRITE MIX - Defineg the ratio of read requests to
write requests in the Simulation, The integer numper,
Submitted ag an input (1 tgq 100), represents the
Percentage of read requests,

Parameters 1,2,3 should be entered in the first line, 4,5,6
second, 7,8,9 third, and 1g in the fourth line.

Process STATION

This routine describes the activities rperformed by a Work-station
attached to the network. Since the Simulation Program was
intended to be verifieg by the benchmarking Program and vice
versa, this Process is bujilt around the gsame Process as the
benchmarking Program, The station generatesg Tequests, defines
the Parameters associated_with each r'equest, sends requests to
the file Server over the channel and waits for responses from the
S€rver. Requests are grouped into bursts and there may pe delay
between burstsg and between fequests. With each I'eéguest there ig
some local Processing to Prepare the request angd decode the
response coming back from the Server. Some input Parameters,
such as a request's MODE or TOTAL NUMBER of REQUESTS, directly
affect internal variables int his routine, while Some like local
Processing or communication factors are not accessed by the input
file, and need to be directly modified should this be required
(e.g. when a higher rate communication line is to be used).

use of the REQU.BUFFER and the RESP.BUFFER linked lists, and the
STATE variable which indicates the statug of the server.

Process SERVER
The SERVER Process is the main, most complex routine in this
Program and effects communicating with Stations, controlling the

disk and carrving out eXecution of reqguests submitted by the
WOrkstations. NEW.REQUEST and NEW.RESPONSE are pointers to the
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data structures that define requests and Iesponses in their
respective sets, REQU.BUFFER, and RESP.BUFFER. MY.DISK is usged
s a pointer to  the DISK process that is used by this server
(allows multiple server Systems). The DISk Process is activated
by the SERVER brocess and they are linked to each Other through
the use of the DISK.BUFFER {stores requests from the server), and
the DISK.RESP (stores responses from the disk). The sTaTE
variable is used t Synchronize the Server with the other

workstations on the network. The STATUS variable is useqd to
the server bProcess., The SERVER g basic cycle Starts with
checking the REQU.BUFFER, removing the first NEW.REQUEST that iz
Stored there and then begins Precessing this request,

Write Request Processing

In the case of 3 write T'equest, a random drawing is made if to
determine whether the particular record to be modified is in

cache or not (using the HIT.RATIO input variable). If in cache,
another test isg made to assess whether it was recently modified
{but not cleaned yet). TIf "clean", some internal execution time

is spent, and the request ig filed in the DISK.BUFF. Subroutine
EXEC is called then to generate the response for this regquest, it
will acknowledge to the workstation that the request has been
accepted. If that the "specified" record is not in cache,
another drawing is made to pick a cache block at random (The real
System applies a "Least Recently Used" algorithm)., 1If the chosen
block is clean, it Proceeds as before, otherwise thig block must
be flushed to disk before it can be rewritten. This is done by
changing the MODE variable of this request to QWRITE.CLEAN, which
will signal the Server that another disk-write is reqguired when
it checks the résponse from the disk.

Read Request Processing

If the request is @ READ, a draw will be made to determine if the
Specified record is in cache or not, it is. EXEC is called into
action to pPrepare the response packet and send it back. If the
record is not in cache, a block is chosen at random. If the
chosen record is dirty it is cleaned firgt in & process similar
to the WRITE case. The request is then placed at the DISK.BUFF
O cause data-retrieval from the disk. The above Process repeats
itself until the REQU.BUFFER is empty. The next loop deals with
responses that come back from the disk process.

27



Disk Response Processing

While the DISK.RESP buffer is not SMpty it will remove the first

item in the set (a semi-processed fequest}. After some eXecution
time involved in transferring the data to main memory, the
Teésponse is checked for its MoDE. If it isg a READ, EXEC ig

called to Prepare and send the response. IF MODE is QREAD.CLEAN,
it needs to Pass one more time through the DISK pProcess, to
"fetch" the tequested data, thyg it is put back in the DISK.BUFF,
If MODE is QWRITE.CLEAN, it also goes back to disk pProcessing,
but a response is Created and sent immediately. After all disk
responses are Processed, the server changes itg STATE to IDLE,
and suspends itself wuntil hew requests are sent from the
stations, or new Tesponses arrive from the disk,

Subroutine EXEC:

This module of the program generates the Tesponses, assigns
values to their pParameters, and sends them over the communication
line to their destination. The Processing time involved with
each request ig defined by the PRTIME variable calculated for
€ach request as g3 function of itg size plus some overhead time.
COMTIME is a variable that defines the communication time for
each request, also a function of its size and some overhead time.
The coefficients for the calculation of these variables were
derived empirically from the benchmarking results.

This subroutine also ha some garbage-cleaning duty to destroy
the requests after their corresponding Ir'esponses - all but those
with WRITE mode, which are destroyed by the bDrsk Process - have

been sent back,

Process DISK

This bProgram module simulates the functions performed by the
disk. Basically, it is made of g loop that removes requests from -
the DISK.BUFF, using DE.REQUEST as s pointer to the data
Structure. It will then spend some time in locating and
retrieving/updating the requested record. The combined seek and
transfer time is calculated for each request based on the record

size ag defined by the BLOCK.SIZE input barameter, plus some
Overhead time. It Will then place the response for that reguest
back in the DISK.RESP buffer unless itg MODE is QWRITE, a case in
which it will simply destroy the request (a response for WRITES
is sent before the information is actually written to the disk).
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FUTURE RESEARCH

Having established the status of the project reported herein and
drawing from the results and conclusions, it 1is possible to
establish various routes for further research, with objectives of
improving the depth of knowledge, increasing the breadth, or
improving useability of the technique. Figure 13 serves as a map
to those routes.

ExXtend NetWare Functions

Since only the read and write brocesses are incorporated in the
model, the addition of other NetWare activities such as file
locking, file open and close, etc., would enable the exXpansion of
the model's utility. This means that more complex user-generated
Streams could be simulated, thus imparting more realism to the
model's application.

Increase Model Detail

The NetWare operating system is represented very basically in the
"external" model. By adding modules, representing such functions
as cache utilization and disk track queuing, a more detailed
representation of the system would be obtained. This would
enable the prediction of performance sensitivity to secondary
effects with the "external" model.

External Configuration

In practice, several file servers can be inter-connected, thus
imparting a very large distributed file capability to the system.
One server calls upon another to locate requested files; multiple
references of this sort can be accommodated. The "external"
model could be extended to represent such multiples enabling the
prediction of performance tradeocffs with data organization,
routing, etc. ' :

Extend Benchmarking

Validation of the current model has been limited by the size of
benchmarking facilities available. Two methods to increase the
benchmarking capabilities are to: 1) have a very 1large network
available, preferably with homogeneous workstations, and
availability of various communication packages; 2) extend the
research to investigation of a terminal emulator, which invokes
the use of one machine to send requests into the network as if
there were many.
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To enable Managers and Personnel pnot necessarily €Xperienced in
simulation modeling to configure Systems readily, g front-eng
Processor which works interactively to generate 3 model might be
developed. The technology appears, in general, tgq be available,
although interactive Processors for thig Specifico application
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ArPRNDIX A BENCHMARK PROGRAM (BASTCa)

CLs
FRINT «g STATISTICAL UBSERVATION FROGRAaM
ceiny | TTTmmmmmme— ol TTT TN FROGRAR: o
RRINT

FRINT "yp start Execution, put jm the Following Barameterg:

IhNEuT "Erter file fame (Fiie wilj be destroyad during Exec) " FLNAME s
I'F FLNAMEs = "def" GEO0TO 700

INFUT "gEnt o Max. file—-gjipaw i Flsrze

INFUT “Entear record length ¢ to 104 bytes) "y LL

IF LL »y 1ozg THEN &0OTQg S0

INFUT “Enteap nmber ofF Fecords to pe read or written " NUM

INFYT "Type R fop READ o W fope WRITE™" 7 OPERs

INPUT "Type S fape SEQUENTIAL ot R fogs RANDOM fije RECESS" 3 RANDS
IF OreERs ¢ "R" AND OFER$ ¢y s THEN GOoTo 200

IF RAnDs ¢ "S" AND RAND% 2 "R THEN BOTZ zoo

OFEN “resyltgs Fop BPFEND AS #:= ‘

FRINT #Z, "RECORD LENGTH ¥ N NUMBER QF RECORDS = T3 NUM

BUM = g

FRINT "The test will pe repeated 100 times, then stats wil} be camputeg®
INPUT “COMMENTS " BOMs

IF OFERS = "R THEN FRINT #E, "Reading" ELSE FRINT H, "Writimge
I¥ RaND$ = "8 THEN FRINT #Zz, "Sequentigl" ELSE PRINT #2, "Rardom®
FRINT #2, EOM$

RANGE = INT(FLSIZE/LL) -1

RANDOMI 7E TIMER

FRINT "the time row isg "5 TImMEs

INFUT “Enten time o sStart executian'; T4

Ve = MID$(T$,4,E)

TTE = MID$(TIME$,4,E)

LOCATE 18, 35

FRINT TImMEs

IF Vs O TTs GOTO =4

TETART = TIMER

FOR I = 1 10 100

OFEN FLNAMES$ AS #1 LEN = LL
IF OFERs = uge AND RAND$ = 8" THEN GOSUER 300
IF OFER® = upn RND RAND% = "S" THEN GOSUBR 400

IF QrERsS "R" AND RAND% "R" THEN GOSug SO0

IF OPER% = uyyn AND RAND$ "R THEN GOSUR 600

IF ORER$ = nge THEN PRINT Iy = Reading “peration took Yy E 3o milisecondggn
IF ORER$ = o THEN ERINT Iz Writing “peration took "5 E 3o milisecords®

i

/T

L0 ClLosE #1
103 SUM=8SUM + E

120 NEXT

1235 7s1op = TIMER

140 FRINT #E, "AVERAGE PER REFETITION = "3 SUM/lOO; " MILLISECDNDS“

145 PRINT #2, "AVERAGE FER BYTE = i 8UM/ (100 = NUM = Ly o MILLISECDNDS“
148 prRINT #Z, "TOTAL EXPERIMENT TIME =“;TSTDp~TSTQRT i "SECONDg

7 FRINT #2, “TOTAL NUMBER OF REQUESTS = "y NUM* 100

148 PRINT #z,

I FRINT #z,

13530 END

SO0 PRINT "Bad irnput Parameters, reryy Program”
21 Grop

SO0 D = TIMER

S10 FOR J = TG NUm

220 GET 4

530 NEXT

40 E = (TIMER - D) % 1000

330 RETURN



400
410
420
430
440
430
S04
510
SEO
530
S40
320
E00
<10
[S¥=3a)
=30
&40
&S50
TOO
710
TEO
T30
740
TS50
TEO

b = TIMER

FOR J = 1 TO Num

FUT 1

NEXT

E = (TIMER - D) = 1000
RETURN

D = TIMER

FOR J = 1 TO Num

BET 1, INT(RND = RANGE ) +4
NEXT

E = (TIMER -~ D) % 1G00
RETURN

D = TIMER

FOR J = 1 To NUumM

HUT 1, INT(RND = RANGE ) +1
NEXT

E = (TIMER - D) » 1000
RETURN

FLNAMES = "f:junk. gps™
FLSIZE = £0000:

LL = 1

NUM = 100

OFERe = npe

RANDE = ngw
GOTO &%
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ceNVEMARK DATA

A vt R
“ECORD LENGETH = 128, NUMBES U RECORDS = SERIN

Head g
sequential
Trie 1w

£ ol 1541.ﬁbﬂ ﬂnh_i‘LLqu
d i 4] LLLAJMLuuu:

AEE R IMENT v l?m.#ﬁbq SECOMNDE

AR MLBBIE R O REGUES TS = OG0

e CURD LaMBETH = 128, NUFMEE R UF RECURDS = 10
Headimpg

TEQUential

o stat lome

RVERAGE PER MEFETIMION = o488, 087 MILL ISECONDS
FWERRPGE pog BYTE = » LE0N4 = NLLLthLUNUb

TOTAL EXFERIMENT TIME = 177.19i4 SECONDS

AT @ MNUMBER OF REGUES TS - IR ININTY) :

RECORD LENGTH = leg NUMBER OF RECGRDS = 100
Heading

Heguerntial

G ostations

RVERAGE pEn REFETITION 185, 034 MILLIJECDNDS
HYERRMGE i =Y i = A iEESS MiLLlo&LUNDb

TUTAL EXRFERIMENT IMt = i?S.i/J/ SECONDS
TOTAL NMUMBER e RZUUES TS = LRG0

=
—

RECURD LENGTH = 128 | NUMEER OF RECURDS = 130
S Al

SEQUSrnTigl

FOBTAET Lo

FIVERGRGE SER REFETITION =
HVERRBGE e BYTE =
[RERN=1N CAPERIMENT FIME =
TUTRL NUMBER O RECUESTS

1603, 407 MILL ISECONDS
7 MILLISECONDS
- 83 bELUNDb

[... f_f) L

L 25a
l

fl&\m

& URD LENGTH = 128 |, NUMERER OF RECORDS = 100
tEading

;Hquehtial

T ostations

HMVERAGE SER REFETITION =

FIVERAGE BER BYTE = | 1257

T TAL EXAMERIMENT TIME = j

FUTAL NUMEER OF RECUIES TS

186049, ag7 MILLISEC CONDS
TaEz WfLLIthUNDH

84, 1595 SELONDS

= LGQng

NMECORD LENGTH = ieg NUMBER o0& RECURDS = L0
H@ading

HEguentig]

ostat i

w¢£waE FER H&P“T ITION = LeE7, 7gy MILLISECHNDS
PANVIDA RS i G N ﬂIMJ_iqub“HJJ

LR 2 Asbwl ClmME = L&, 88 SELUNDS
CUTAL MUMEE S OF REGUESTS = Lo

i
i
:
[



PBESS, on
LB KON

ey DS,
o Lo
R IR A

s

SERY
MOVE
ENTR
FULL
= PR |
83 OnNE
CSast,d

70
P

1)

FO T
2,070,
W3 THREE
P30, 1
109 FOUR
Del/i, 1y
108 FIvE
e LS, e
Lie RAWD.
Dy 171,02
1i% DIgTR
RS I S R
SRy

L

A

La3

S5, L. 3a0,
i ot 4 4 £ i i . -

Sl PRI

LNIERNAL,

Program file o
FUNC T Iring
L4020, mEey,
8, 1.8
Ty . HFAO, g
3B, 7000, e
INITIGL
INITigL
INITIfE
MATRIX
INITIAL
MATRIX
INITIAL
INITIGL
INITIAL

L
e

STORAGE
EVARIARLE
EVARIABLE
FUNCTION

FUNCTION
FUNCTION
FUNCTION
FUNCTION
FUNCT I ON
FUNEZTION

TABLE
FABLE
CENERATE
LUEUE
HSSTERN
H58IGN

HSBIGN
RASSIGN

SAVEVALUE
SOVANCE
GUEUE
TEST &

SAVEVALUE
DEFART
MSAVEVAL UE
BEYzg
ENTER
ADYANCE

DELZE
SAVEVALUE

MODEL: gGpss PROGRAM

LVEL L. Wil ow
HNG, Clig

9.3,0.355/9.4,9.
JU.uQ.i,dJ!U.EJ,
G.a/0. '
7y 8.0
ASBREG, O
XSONTR, O
REROLNT, O

s 1420
MX%PLQG(i,EO},O
Y Ty EO
MABCHCHE ¢ o
XEDIRET, O
XEFIC, 0

3 S0, O

5
CISBSERYY LEy 7)
COSBSERVILET 7
RNS, Dz

iOOOO,FN%EXPDN,,,
3YS

1, FNsONE

4y FNSFIVE

5, FN$THREE
3, FNSFOUR

REG+, i
1

FOLL
BVSENTR, i

REG-, 1
FOLL
FLAG, 1,53, i
CR
BERY

F0y Lo

CEd)

Fl, 0, RITE

CRy
CNTH, 0

509/0.3,9.
O T

.H}}.J.jfih‘ﬂ5,¢‘:

S A O?mi&“i?&a Lo iF 40

B0, O Tis,
S RE, S

=T
w2 S

CESOL BI85,

FUSED IN THE CRACHE HROCESS

FEO BLOLKS OF CACcHE MEMORY

iDIRTY BLOCKS COUNTER
FRAUXILIARY VARIABLE [y

MHE Cathe o

AND® (X$REQ' GE® 1),
AND? (X$POINTY g1 R s

AND? (Fysoay) ,
FLACHE EMPTY 30 pERCENT OF Time
1904 READS 50% WRITes

;80% HIT RATIO
5 % OF REGUESTS npg LOCKED
SUNIFORMLY DISTRIERUTED FROM 1 7o 4
40 DISK BLOCKS 103 uHﬁusa  ROM

RICK 1 gF THE 0 BLUCKS ©ow AERLLE

iMEAN IS 1 SECOND
TYFE OF REQUEST
BLOCK NUMBER 70 aloes,g
FASSIEN LOCKED /UNLOCKED

FRSEIGN f SOURCE MO { FROM 1 10

3 INCREMENT REQUEST COUNTER
;70 WAaKE o THE Mux FrROCES

IWAIT For g MUX PROoCESS TG wOINT
FDECREMENT REQUEST COUNTER
HE SGURCE“IN—SERVI

FRSSIGN 4 SERVER FROCESS

FWRIT 3 mgEe FOR REQUES T D S DG

FTEST IF READ/ WRITE

PRESET CACHE BLOCK Coiun s g
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[ L W [

RITE

I

LD

FE0 o0

ST

LEO

HVE Y LU
ASSIGN
[E=S=NY

Sl ZE
ROVANCE
SAVEVALUE
HSEIGN
TEST E
MSAVEVALUE
RELEASE

BEIZE
HDVANCE
ADVANCE
RELEASE
TRANSFER
SEITZE
SAVEVARLUE
SAVEVALUE
ASS E G
TEST iz
RDVENCE
TEST E
TEST £
SELZE
SAVEVAL UE

SRYEVALUE
MSRVEVALUE

RELEASE
ADVANCE

SEIzz
RDVANCE

TEST E

ity i
7y XECNTH

TMABCACHE (L, 27) , fa

Lh

K$CNTR,¢D,LQﬁ
qpu

CHANL

200, 50
RIC, FNSRAND

7, XBRIL

MXBCACHE (2, 57y, o, 5

CQCHE,i,X$PIC,P4
CHAMNL

CRU
S0

=0

CFi
s TERMNT
Ry
CNTR, O
CNTR+, 1
7y XBUNTR

MXSCACHE (1,075, 04, rmIp

[

X$CNTR, 20, LOoR
XEDIRET, 20, REPL
CHAmML

ENTR, O

CNTR+, 1
CACHE, 2, X$CNTR, 0

X$CNT'R, 20, oor 3

y LM

PTG TRICK THE COmMPLLeR |
PLHECK [F DESIRED FILE v i
PIRE TIME 1T TARES TO SEASCH
PUEARCHED WHULE CRcRHE -
PNO NEED FOR CPU UN 1/0 ORERATION
TERING FILE 10 cacHe
IWAIT UNTIL READING ig COMPLETE
PRICK A CACHE BLOCK AT sanoum
3TO TRICK THE COMEBILER

ISURE IT'3 NOT DIRTY
PPUT FILE IN THE CACHE BLOCK

iUSING A RANDOM REFLACEMENT EoLICy

3 TRANSFER FROM CACHE O mMAIn MEM

P TRANSFER FROM WMATIN mEM TO I/C pOR

FESET CACHE BLOCK COUNTER

sTRICK IT
sCHECK 1R BLREADY IN CALHE

JTHE TImE 17 TAKES T0 sSeEgron

sPLL BLOCKS CHECKED 7

SARE AL ELOCKS “DIRTY" ?

iIF 80, GOT TO FLUSH CaRCHE 10 DISK

i IMMIDIATELY TQ ALLOW THE WRITE SE

FRESET THE DI RTY BIT For THIG BLUE
iR0 NOT TIE cpy WHILE (/05 [n P ROGR
JIHE TIME 17 TAKES TO WRITE s is

PNEED TH ECPU AGAIN
PSOME TINME FOR THAT BOOK-MErs:ne

FCONTINUE UNTIL ALL BLOCKS LD



b Ht:L.tHSE LA L FENEE Ve I EISTAT AWEEMN - ML meE

40 ESQVE_"\/QLUE' Dirg Tets TRESET  rig DIRTY B ieg T FLA
405 REDL ASS TGN 7, ENSRAND SHILK & DACHE BLOCK 10 WRITE inty
@10 TEST & MXSCACHE (2, 57) | o, REFL PLAECK I 075 NOT prpry

315 MSAVEVALUE CACHE, 1, A7, pg IWRITE T0 caghe

420 MSAVE VAL e CACHE, &,p7, 1 PMARK THIS BLOCK /S vpig iy

425 SAVEVALUE DIRET+, 1 PINCREMENT DIRTY BLockg COUNTER
430 ADVANCE 40 iTHE TIME IT rakes 1o WRITE 13 Cac
435 TRANSFER , SKIE ,

440 [pyp RDVANCE 40 TWRITE INTO CACHE anp RERERD

445 MBAVEVAL UE CACHE, 2, X$CNTR, § PMARK THIS BLOCK A8 prrTy

450 SAVEVALUE DIRET+, § P INCREMENT DIRTY BLOcKs COUNTER
455 SKIg REiLEASE cru

460 TRANSFER y TERMNT

465 LOCK ADVANCE 1000 SWAIT 0,1 sep

470 HSS 16N Sy FNG iCHECK IF UNLOCKED

475 GENERATE seal, $UNLY ONE TRANSACTION

480 FRIORITY = iLOWER FRIORITY THEN REGQUESTS

485 EXLOP  TEST gg XEDIRET, 1 IARE THERE DIRTY BLOCKS o

450 SAVEVALUE CNTER, O

435 SEIZE TR PMUST HAVE THE cPU anp THE [/0 SHA
EHOG BETZE CHANL

SUSCINLOF savevaLue CNTER+, 1 S INCREMENT BLOCK CounTeg

S 7 ASSIGN 8, X$UNTER

i TEST £ MXBCACHE (2, F&), 1, TMps i1S THIS BLOCK DimTy -

515 ADVANCE 200, 50 3LF S0 WRIYE IT TQ Tae 013K

530 MSAVEVALUE CACHE, &, XSCNTER, o iRESET THE DIRTY BIT Fog THIS ELOC
s SAVEVALUE DIRBT-, i i DECREMENT DIRTY sLOCKS COUNTER
S50 JMpE TEST & X$DIRET, 0, INLOE iANY DIRTY BLOCKS LErT o

935 RELEASE CPU FEREE CPU AND 1/0 ChonweL

S40 : RELEASE CHANL
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PR T

REST
coT

SKIFS

TRANSFER
SELIE
LEAVE
RDVENGE

RELEASE
DEFART
MSAVEVALUE

THBLLATE
TERMINATE
GENERATE
SAVEVALUE
TEST E

ELZE

o

ADVANCE
REI.EQASE
SAVEVALUE
TEST NE
RESSIGN
TEST nNE
RDVANCE

GATE S5F
SRVEVALUE
SRYEVALUE

SATE SNF
SRVEVELUE
TRANSFER

s EXL O FRRSSIVAaTE UNTIL wExT LI L
L

SERY FLERVE THE SERVER

1o FEREND 1 MSEC On HOUSE - e 50§ g
Ciry

B5YS

FLQG,i,HE,O JRESET FLAG 70 HLLOW NEXT megq, FRO
BISTR FTHAT NODE

1

vy 5l 3 ONE TRANSACTION

FOINT, O .

BVsMOVE, 1 iTEST IF POUINTER SHOULD RE moven

MUK PROCESS ALS0 kEQUIRES

=] SR T I
5 iSOME PROCESSING T1me

CRU

FOINT+, 1 i INCREMENT FOINTER

X$FOINT, 11, REgT iTEST IF END OF cyeLe

&y XSROINT
MXBFLAG (1, Fe), 1, SKI03 FERROR PRONE
& iWAIT FOR REQUEST

brl
-
i
m
T

TO ENTER

iCHECK IF AL SERVERS BUsy
y IF S0, STOF THE SCANNING
FAND RESUME WHEN SERVERS RRE A i

SERY, caT
TEMD,X$DDINT
FOINT, O

SERY
PDINT,X$TEMP
, COT



IAT = 80 mSEC, wULiipie REUUESTS FRUM SamE svui i,
ARE DISCARDED

Greg /o Report file REPORT. GFg, vV i.1, # SOE40) D717 —198g 183080 pDage

DITART_TIimMs END_TIME BLOCKS FRCILITIES STORAGES FREE MEmOmy
0 273085 1i4 =] 1 lz&adq

FACILITY ENTRIES UTIL. AVE. TIme RVAILABLE OWNER PEND INTER R&ETryY DELSY

CRu _ 4083 Q. 508 34, 7% i =527 O 1 0 £y
HENL 373 o.Evg SO0, oF 1 (9] i 0 0 O

CHIEUE MAX  CONT. ENTHRIES ENTRIES(Q) AVE. CONT. AVE, TIME ave. (-0, RETRY

5Y5 b 1 il v 0. 38 44,54 544, 34 0
POLL 4 0 S0l 25 0. 29 lg=, =27 17G.75 ¥

STORAGE CAR, REMAIN. MIN, mAX. ENTRIES AuL. AVE. C. UTIL. RETRY DELSy
SERV a 7 0 S 301 1 O.63 0,079 1 G

TARLE MESN STD.DEV. RETRY REBNGE FREQUENCY  cum. %

DISTH 543, 55 EI0, 05 O
S0 - 1040 i 20
Loo - 150 14 3. 00
1530 - SO0 =& S50
200~ 20 14 L, 20
=350 - SO0 13 13,20
S00 0 - S50 35 SOy
S50 - 400 40 S0, 20
400 - 4350 &7 45,60
450 - Q0 a8 35, &G
S04 - 330 4 LS, &0
250 - 500 == D6, 0D
&0 - &350 13 71,80
&350 - 700 =7 PRI,



'GQSS/QE Haport file REPDRT.SDS. Woll 1, # S8 50 DF=17—135885 larag o Dane

TRELE MEAN S5TD. DEV, "REYTRY RANGE FREGUENC Y L,
70~ F30 ] BiZ. 20
S0 - SO0 ig 85, 40
800 - BI0 11 a7. 80
850 - SO0 16 0. 50
T~ IZ0 4 Pl a0
30 -~ 1000 & Iz. 80
100 - 1050 & EL PRI
1050 — 11G0 & 95, &0
1100 -~ 1150 1 T 40
115G - 1200 3 FE. 00
1260 - 1250 4 GE, HO
1z50 -~ 1300 = 97,50
L30G ~ 1356 = B, 60
1350 - 1400 1 3780
1400 —~ 1450 3 FE, 40
1450 — 1500 1 38, 60
1550 -~ 1600 & 93, 00
1600 - 1650 = 99. 40
1a5g - L7060 i 39. 60
1800 -~ 1850 1 99, 80
19530 -~ 2300 1 L0, o
FILES G. 00 Q. OO O
=EVEVOL LE VRLUE RETRY
FIZ G +0) 1
CNTR ' +1 O
SOINT _ = 0
DIRRT +0 1
HIC ’ +1i3 ¥
CHNTER +1 )

FIRTRIX RETRY RO COL Uiy VaLUE

FLAG 0 :
i 1 +(
Intermediate values are o
1 & +1
Intermediate values are 0
i =00 +1)

CACHE s

' i i +11
1 = +7
i 3 +15
1 4 +13
i ) +i6
1 & +35
1 7 +i5
1 a8 +.3
1 3 +28
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LRSG Dy RS0t File REFCRT. Gisg, O/ lli, # GG ) Q7 =1 7=1%5u5 Is s

PIRTHT X RETRY ROW COLUMN VAL LE
' 10 4
11 +37

1z +31

Iﬂtermediate values are o

'

£

T



NNNNNNNNNdﬂdddddddd
CX-"NJOU"&"'-MI‘\.'—‘C ‘OQZ'\JOU"&"LAI‘\. -G CE~NO WS L, =2

R
jolelwlelel'slelelwle] —“00OMoOmMmUuno
mmmmmmmmmmbccbmpbmmmm<m<<nmm
ﬂmmﬂﬂmmmhhzmm < Z SENMNTrUmMmMmOv e
HHHHHHHHHHOmmmmummvHHDznmﬁox
L2222 e T mnozzq-<<mcm
mmmmmmmmmmbzzn<qn<zmm o) o
MM Tre Omerswnnem
szmDEDﬂqu bnmhnnznhmmqmm
HHHm:mimcczmmrm Fm<bmmvnbmm
anhnmmmrm-mhumc-o TR <y
-nﬁQHpHDmﬂﬁzmszZCmmﬁ P1 it e e
Tt Z i O H-mcomcmz\-x xozZz2
PG me m 443ﬁszzxzqumb A alel
~HTIMLe & =T OMi~ AR T e Pt T I rr

=AM O —-o e ma -2 b 0 off el e
COOHFmO ZXZpmm ME IrmNB oo
cCZOoOmp TMMwns BT BPmMe m “irmm
Doo PZXMir MDD U 2BLnIOn ) -3
YanIz 2z meZﬂODNm Q LR ) Ee N Y

m =z mmrm OB o B » -1g
L otndml o L 3] Q=pZs v m SO —rnc
—

Z00CZ0 ~rmz O MeHE by
) {w OB M Do -3
HIXOEM w2 DIEM ZZ noxe mmoe
Zmmpml D= OZF s ne A
B D= e D b m - I .
MmIZnNnz HIOPTD  ze $= Y d BPIy
@ ~N MDD « p3z gz v
METIT N Ty HO - «m MM~ 221 -
= ™ Qme LY [ COoOn
2C MBI TR T~
<Cx D=HZ =M mp <zm Wrme
I =in = =~y 2 . ox ms ¢y
2m mes > (=] < ey
4 L ZEZPh Zb mam mz
B =HO==Z &= nmx ~
ax Lo I - <D - F -4
~ QOO —m mcCeE >m
m ZMIT 4 O s 2 DL
LI 7 B | O m
—_—APZ Dy e o> x
. =T QO Zmno T«
b 2204 oz OTNME Zom
MEPE w4 rmMe mEZ v
n BT D = 2N O~
0 HEBPM Ce B
Q IO =N ' T EZpn Pt J
= oZ wm s T3 =
T o = m ©O m (a
(o] OEem MB O - Opx
e Tnz L7 =l Y
-4 M OO0 MO prx . x5
[o) -2z X W Me ommE
HZOU v Q@ (Corme
- Q- r—~ < = C TMuw
Q ZMedm - ZM TMa m
Q ' OO TO —mm mom
M — mx Lai B | OC B
Q —DBRO L 317, ] nZ
m =z Z OO m BPNCO
P MaC XD =X m
(] PMw nZ oXxO
m AN Xy -t [y
Z =X . B B -
- DPamn O = ]
1.1 % o [ ] (%)
™~ N o —
mT T =
“in N~ c
m m m -
-] N

SNOT 1At

L dHHXON’lSIHON’MSNzNBH
L¥/S W8I ¢°I1 1dIdISWIS T3%)

0L 9861L-9Ny-g
£°88 0

)y %
39%vd

2 XTdNAHJJyY

FIHAON TTYNYALY A

WVHDO0Ud S'IT LdTHOSWIS

i
H



L
W b o] %
-~ - - -
" — — ek SN — t,».t,-(.r-udk.»b-kﬁr\.,
L N, (=] C‘.‘CO:NOU*an.-A < oubur\qccawoubur\_d ) Q\,r:\(ﬁr\_.—.\c'(_‘ I
P z -
b a z 3
k-] m ) n Xz m e
A3 43 zr Mrecn zZ B CEPBPL YOO -
[l a DDf‘!‘meﬁmD Pe] c:r-r'r-x:r-u.bl—r-r-z:'nf‘na- x3 Dﬁﬁﬁbmmr‘r
Z0 tr oMM gy ~nA a ommmmqnmmmmOmnz m SOOrTn R
2 ~—trm = SOty — T = -oqﬁmqbqqﬂqDNﬂm = ™ by £
N oa T . R < n it L M X3eq (=] ) i 333--:2:—_'2 T
£ =N = v LI <X s = 27:--0—-4-1<x.!31 AC ~ = oo mmm
e m = PO = ™ O Cm BmMHOQTIC n m rrro Y]
<O x P-4 ZZ—chme-dm b & m 3£;~13M-4L2CH2(‘5 X :-bbq:;up—,o:,
oree ~ = Mmmm o T - » Pt OMewma CXO=4s um LY ﬁ—é-dmmbc
Ty = . e =T I bt B 2 2 DVZqe 3 e P = MMmmMme 2w
-4 [=) LR 17 %~ V- o )= mc:r_-<¢:1:.cmc T ~m lw] —ts s g
~ M xI m Im =0 s I L T i Y o -~ I T amg =X EWNC e
1 (A e ] o MINOTmMne —~ Z v B . =t ] OCMmMnc ek
= = Ul V= momm “ = 1 gy w MR Z R e~
mE e — C B inaxe - It OCp Q HO - VI & N ey
LAY o ~ VW =Cs M » ST O = Y md w2 hel - & T~ wm
<< - = =Nt DM = [un] Qe (o] - = LR T - R
I o (=] D=Osm x (=] -4 O SO (=] DO D
) = I ZOnN 4 == m CCCO - b “ rmocz
< = X3 P Na x ~ < < oz S e - * D
oo m COre mreoy m -4 O s - m SAIbnrr
LI m 8 BAX—T n T = (=¥ | mn IMeicameas
—e 3y S LA™ e ot T g o = [ m -0 ™m Zn00
co I» =D Own » |w] = [ =] b= D=y
o ] NBm—dn © [y wo o D T X4
L - ~NO = —n - = —4 - <MMmmMmI=u
s N - O~ T = Q > maix N O
i =y L7 LIO—NZ L i . - (%] BB .
— > —t HE T — — - o] - fod 2 T
E) = Nt (e gy = b4 o = c‘ammmHo—.H
Ty %] L) NOe (AO w = = w M DxAzo
* O 4] Nils Qeamz ) m [ 7] (] ObBmXxMm=>
— = ) -+ W mx3 ) b ) = QMoo N
Cin L P Den — > — M mmen
N h-) ~“IP» amz h-] =] = - m g =
Q - HH- mDno - Loy o —f DCOODDZ
o =lZ T . n HTMTME o
~ m = = O == [ ] x 3 ] N3 om
L) —t (70 D4 ox — . m — L% ] Po v
me . m x . W =} ] DU‘)-—‘C:JDF’T!C
e wn D= > v 4 L] wt C=POCO =
*m <0 [ %4 ] ~ -~ N—ZT?y »
[agq — mx -t m m -t MMixe w5
4G e = =y o “ - o DZ M
— z prid 4 3] = ST Zin
[ o -t =) - C2myg
vy v m o o] x [ =
- ~ o -~ w ~ (S
[a ] [ m [ ¥ > L * LA
< - e ———y o -y —
~ Wi Vi o wo 4 e
: ’ - ' 1 X mz
3 p-J Bx p-2 D x Mk oy
[V ) Po) [al¥'s z [V } Zrm
Gla — [p1] o GYe ~ ¢
t N B [P [ My
— om - i ek OB x
0 ~ L o] -4 O mx
oG m e B w el R :
o 1% o -4 e p-p 1
m <m® H
- - e By H
(e} Q [ M
g (T - | e D HuLm ;
-3 i I -— T B
s ] =0 @ m !
m m m ~ w
~ ~ - m :
© :
— —) — i
~ - i ~r




-|-i-1-q-—d-413? (1

© IIIIJ Imo 1
— Mrmme TE 2 -
WA W T N N r\.l'\.l\a!\.l\.l\.:r\.—a-t—i-—l-i—a—i--lﬂ-i — . Howe
MN—DCCC:NFT!OU‘btﬂN-JC,‘CCL“ND‘U#ur\.—lCCO:‘MOM-FMF\.—l o Umbbbbnrr!m < i .
R < *-<<<<rr.o.;c e o
= © SNMMmmme, - o]
. fo) h=) -"f"'hn):lx;x,»c <) 0o
™~ X Cizoxn < EBbLmes 10— i
b OXomeo x CoOoaaay g, e h
CIroren ), wabnmﬁmzxrrrrrpﬁzmx =TIy m ?mmmmﬂZM Ho g
CDEOMImmna~ nmcrmmmmoommmmmﬁnoco M ~~m = ’ e gy = i D
MOV w4~ oy Tuxn 4anﬁﬂﬂﬁq0mnnm m 2 i T H P B
- — PrUNOOUIBEL o D= = Mo =z T eimg gy o T T
IJFTK-—!-(MHW]<IH-<*—I—1@ VOO E —mey = == m mNNncz — I T "
m OXCV-‘UZMH‘JZV‘H:»C—*U’CMXJ!“HO Mmoo CTrz0n x MM<im L= S ~
> =M ==t <-—4“nTIHZJJH2NC-1 = - ~ mmnros= it
o OZ 2 ey x.-m:cn-—cma—n—.c‘n MMOB -~ O > = Hoogump.,gm i o
O = V= —t~e M T g g g 2T XY - o TN ey (X% o
Z Tedixm m D mITw AOI—ZH—i-dJUJJO—AO MM I P T oy H o —
M M = Oty 1y HKIII’T‘H'!;U A e (%1 -»] —t -i—l-‘—fQID = 1
< zTC T -4_{NIIZZ-*NIHHCDE~4'§ TToz= n CIIMCZHM 1N ey] p-3
- xmgz BIEZOm I ITiM by i e C I Ce Os ~O - Smmerex W "nre
= MmO wvmzx Me AN i=s o <mm Az . m 2D x  im .
B oge ~n Nile o AAMIIJXJCM-\-;A s N = CDU!N]:-DJUI- i =
r--u - D3 -y LALLUI o3 - - S AL T TP TN Ao (=] MHM B XY~ " [&]
. QO gy MmI = M2 mme I DD e b 1 = e b QoM ihm
N Zmz mCe e 2 CQrima Loy s aC o co X3 PR N [y
S AZM A <M NOXMMm ey Oae Qs x m - moz=zxsx o b~
= mm me MO MmMmmMmuyune CMun ™rNNoo N " HDNZo0L e Hm v
) = LA} AN 7.Y . A w IV TP MU g =y - Ve () mg w o -
~- O< m am CH—EMUC e o me ~ B LNE) X -y ] ]
. B - > S O lbe =N O eiim ON (S ] OCCre » e c
= ey oy 20 > T # P —n i - - T - F MMz % [
- -~z Ll r"l--nCZCvrn - e g [ ] Q & 13 * o =y
£ mMeEm 4 ma2 romn . ilwxg =T Q vien (%] MMt 33 i — I
M O-is (= Mooz M, wy me — ¢t 2x» itm [ou
~ - m Dmmm—lhvzllom Vi vy Ox 2z VI b yrm n= v
- 2> -t - BWOWE o, P~ o om v e e It
e ¥ T 1 I T A HZ 0O oo Z [} = » #* -y
" -y m x Q I = M mrC 2 oo 3 % »xxm
L o Z0 2 o +*ADV AT DXy vim - oo » n
~N mMIm x oz m o mmevime Cmuvre %] -] L% Y >
r wvwne> X -y L] m"ncne-n - VY = - -~ * T xm
™ Y~m g -t Y e Mzo. baT VO ey . * % 2me o
-~ OoO=x Z mx m M.y ~Zr-w L] | * % g
N Z s O OoOm T MOTNOC Omm -t ] ** DOVem
m e o -< il =l%F T “aEm Qwn . I (n
LI §- - T “ DBx m «<rx = (21w Wi :u:-oz‘.t-q
(w] ME 4 rm mn oMoz e . -Z h- ] m
-4 “im o 7] OZe L] Io AT = — oxnm -4
(=] Ve~ o 4y Z ~mT o [%] mz e ] omwvs —m
(%] QO e Qn o L2 — - < - = OV g
Z=x O (o) r £ ks m L17, B mm OQwn
e < Zo ms O w . [ =0 %] (%) ] mn
= mx BT o x1co - - —-m b o amn
[y AL I L <w - -~y k. ] [ w [a1a]
= o= mm TN =z N m o -y Z20
m T - ~nDx e M [y X0 o« U™ o -4
o “r gl e A« | mmyx o> ] N
=t = -4 B X3y om [y 3~} 2
- w P - com m ToTCm G bt cwo
m =4 hdail -4 mmz I e
1] o =~ 7 Qo 4N I [R¥]
] Q o ey E-itp (Y aud -
m Z = ~X Mmoo m <
m Rt ~m .| m -1 o
1 P~ [ el m w X o
a3 m - £ - m
c %) “im [l 0 -
z b -] mo m m 7] o
Z = oo v 0o m "o
L = om - [y x3 -
= (%) Zwn [P m LY £
o m =} (%] m m
17 ] -t pv ~
- v
—
A




£
¢
£
¢
y
£
¢
¢
£
3
2
?
?
2
4
?
4
2
2
2
L
L
L
L
L
L
8
L
L
t
SNOTLdD
v

=
el
=]
el im 3
m . =} < -
r Drrmm:rbcco o =
v MO I emomme M "
m TP A Ty = — 1 T P &
i3 M = I m MOX T Omey bt 1 bl L} " oD
T N HEOT e o HEBPNE NMTO Memg T2 2Z0 P-4
TEC T Mo vE ) (723 ¥ od no-HQ o< =& sWQO=xpmm m =
PeED 3 M I eI —HDTIB m HMMCI IS oOrotoOm B o0 o wr x
~—EMmMunmbro M T =< MO~ T MPEEmMU mzEe-m Med Farmozm ~
O I ] g Tk -OWnE I X Oor £ Cwwvier- LR {0 ) - E T pey =~ f:0 M m xmx =
CW O i amn WM O LMy MM MM ATIED afads ZX Com =2 DT < Q
. —-t—t A IOM B lAl - TETT B =~ Te MM . n e e m x
- O T ome B=OB N Immm CrCOCl L @m ormoxaon -
<N MmO -o e K B B o DE2AROIOY o < A e C A wt~rmrm [V
X A O A e OO m POOG SEBEAD T T B -t
M HEZ mMvYooo TR U ox OUCExme SHEZZOMmxK nm -HNIT X C ~
M MM o~ Oy - bl = Xa)w] M =M ey Zm-<wvirmr 26 mX mmex Zm =
- * X ZNo<wv =_II=Z O Ll - T RENYC - T3 A~ o0 =]
R T T MP et 0] ZMm~am =l i =D 4y -~ noopEp — g
i, IHD TZ22=2 »n - s MEF Qo2 FIZINCTN iz LIl MZrar-ois x3
M Muym « ODoO D el =r =T M OTMEB-G mmu MM —4m m DONEO m
o L Dt Lz FISMMC « 5 = IR OBy T <winxm=z=z m
O Owe b Z2m M M = OnOz MO~ COZ O M we—t—< (o]
=2 = m O Me=mox v R 0o Z ZMH=ZM vy MIZOUNXD M =] - >
[ B 7 TR 2 S AT MmO~ o« o [»1) T OVH Tr m B« - AT TO ~y
VX o MO s e - CH m OC MO == e IO * Ty e
- Uy Y xmnm [0 ] N Z HMADXD O MmMEC ] = wn
OO B maAD < X = M LOOMm oD Lo~ 1. Tr— -COpx w
A = ¥ P = I £ XN Ip P Z st o O Xt -t
. ~m QTXTEwm VOID - e )~ Amc rm W o O mv k4
r - H™ MMaawn B 2 ox Qo m Ll = = =am = r—mx 2 w
- m I L I Y e T ~m m HO M IO T o mmn nog (]
S O M oo -y r~ - O * -4 o m QO X — —t~Zm e ]
X N - sm I W -t bty o NOp > L]
~ Z O mw (=7} O m m X oz OZwv T m ~“mEr-m h-]
M = i I g [Tg] n ~ Laad o A hc I x -4
i " o9 -] —-= O - [ I} re [ 20 x O Mme <
L= LY)] O - (2] -t A mo it s m oy M >x -
- et & e Y] Ly -2 . w M=o Rl LR B T » R~ QX um L]
I v @ r=x 0o ro > . ol kB A~ Hwr in ..
m X c mm m - - [l -t Crin o wy >0 un
m B (] b 17 ] . = = o TN =) B B = - ¥ )
o Z T 2z Q Fa o mm mz= mmo o LI - —t
N O o~ ) b-] - oW 2o fw] ~ m =T et M w
w £ = Q = m m =z el O T Zri (AmMm =
= - (=) mo -~ > B o] <IO m =M
L (o] i~ r z O [ 7] « MDD —4 = (%3]
[ %] < 2 w [ ] - =) -3 O QO -~ [ ST W -~
P It -4 ] . x -t ~e (7] > ] w
-3 [%] - ) v o m ] (%} ikt m rm — — ey
Fo) = 2 = [ 7.} -t — mEANAZ m < pd o
- ~ ™ » o - =] ~ X < MY - ]
~ (@] [ 73] >~ O P O m mxy r B X3
B [ = -t - 2 o - > o [y [sge]
= o] (m} ] [ L O B m e
o > Xz ] m (=] I =z ) 1
m - o m Lon ) e
7] n L] = - o
(=} o = -~ (=] -3 @
K 4 X = —~ x s )
m ) n -
P o) (] 3 = —
m m -t @ o~
= o - - ~ "9
m - - Q m b I»
e} I» m [ [T £ 0
. [} "~ m m
m - -y -~
=z I
m m
= P o]
— o




-
o T .o
- -0
 d el ik o b ek ) — Nwwwwwwwoooooooooomuvu AL
ENOWVP A =S CCENT UV E o (=} NOM#MNHCC&NOUbUN*CGmNO AL VP YUY NN =
Z . N 3
7] ia !
OCT Qe Mo -
Il = rar e mmre m o orm m m Y DG EOE 0
or ﬂmnmmmmxmmmmnmm e IO OErrBCD T —HTrEre o om O IGM
NEC r“—q-‘—q—q—{m-q—q-qHHHm m [ b fo = S ol - ¥ o MO Mo Trmer e i — 0 o)
ApBMmIm =4 F-griile) = =PECID Or-mrx F=mr =« 2C ; %)
SO oD -EODmmme i S5 UXBEreEm  m nmom e o Q=< m i)
DN—HU M O~mmCc oy - =z o N <PN= T 2,y ZZ Om o @
N DMITDATAZ NZT et D i m NI - —HOMOB~OTMm M m C] W \JT
— Gr\HH—gTJZmbIJ-IH.DIﬂIZ x . > At T —=T0O x x N ey
o €A B f e ET-Emm ~ %) M =t QM HOCRMIEmM 2T s
= T rrZm—is AN ZMN e » =2 - O <& haAD <O ACO mm «x g
M AMZe I edba={mMm 2X3m < m PO Z0 paa =0 < x « T
I* M~ T40are 1 MM X m S =HAZmm —ZZmma ¥ ¢« T
Z MOECHOMIZ DM i wim -t R HomMmIXuvimE .- MM E o~ ey et Broy
— Mme ZOZ~AmoO Croco w . < <X xXe = R - mxxnm
T DORAZe ZAZy~AZ=cm - HOSt e DM ~Ch o mmey Suemo
C mMCmEm~—mzn NG Z U ~ Z 1OCXHME IMTMEZ C - o)
MMM E ~EMMZ T O = bt = GV Mt mMDe mwiMss ¢y = M Ol
VI CUTDEMITe £ NCOMm < o I oCx O X < UE DA,
m mqo-;mn-nnmno Bm = < OX Cmm Ow~Cmma T3
(ol wwzr-ﬁmxbmnzsbmz x M~ MG = muem Ee) ~Emzm
[= N VI MGt m E W MNHC il m . [
= HMOMM GO C I N~ - n a AH smtvem x goms hy [Tl T o B ]
o v VA EDTUmMS. [ R e 4 — - e of (o] £ (7] -t [Se - v] [m] mn
[T B Hor-zccm-dmz m -2 M OVt Ot N g YTt |§ ~m P OE m»
F2220J0nz C o - o B DOZZ ~ mrz ) Y BmConEo
~o mzmmmzmmm;mzn [ ] o remon ~m o 9 - mmmam
M=TMNN MM AL A2 - M ™ m X r~ —~mum P~y
O MMM wrmc. -me © “r m =Zxm m Im v VI O=-iC =<z
M ~CTH ¢ DM amoc [ o] - OmmEe © M —4 —t My
-t O H = HXAALhoemamm = T —-x ox Xz T
ICe DB M-ty Mo 173 X momxo T o m v - -
MO M-AQUM~ eI o o -, LB B SR SP R 'n] [« 1Y
MO~ 4MO O w < o) . @ ~ VIO x3 =z =
2 Mxx MZOC* <<f» L O = m o x , =] [ T e
T~ Tl ) 2o ZMC +DbDbo - _ Qe . Lo R | [ ] e -0
DOMBPO  —A—irxe A X3 et - “r O O o Lol - | - IZ ey
C Tt M S it ) *x ®EC M Ox C mo M >
Mt ZR0OE (N D> I (D L] N m m O — =
NEQOZAZTZMmM (M=~ D™ L] Z =1 B > 4, =m -~ DO -
HDMC —irts o~ Lt~ r—m . C VA Z O o~ (7] . - I
FHAZ T ey mmm LV, ] x = T X wr w i m
b Fa¥a B 4 o + ~in Q= - P
Mt in 2Z2m ~y [l . . x - LIRS I~ ] ;
Z2I X 4+ima cx =] Fola o fat] w X m i
BMM ~n =m =4 el ] - [=] = m 0 :
—ts S T—m r—a ~< LA (%] [ oy “rm :
~IOC OIS nx w = x m v T . i
COMmMmm-—me [a=] g7} b b b [ 7] Y ~Q W
Z e m e L) -t Lat R S ]
O TR 4 ot -y —=~J m m i
Z N N (V1 [T = «m wviQ B ow DL T !
rmen Fal M I 2 H <Hoom |
- [ o~ B X QO b M o :
. m N er [anl¥s } [=mils ] o x i
0 wy a e LY e b
m — (=% [ ] m 14 ]
W - O — & - i
h-] [T < L= s ] H
Q L] o e :
z QQ o X o i
m WIS -— (7 Y
~ ~ o » O
— [T} p-J LL I« ] i
— Q —=p
2y m & :
m m i
”~ ~~ :
— — :
() vy i




SNOI1dn

N=N3Jy

'3

v-¢l ASUXONYLISTIHCOK 7
2 02875 WSI SII 1dI33SWIS IJv)

=-9N
£%5

9861

—
S’

c [«
hel C
- ay
— r\.!\;mr\.rurux.'-a-\-a«-—a-»—nd-A—\ — AT avE WY Y NN NN
N VS AN [} ombumacca\omrumdccmwom&uud (=) AR VT Ny T
’ =z = o
n v B
m ‘0 O © nx o
Zor Lo Lim x EMB by -
CrrowvieE Imo P el g 8] CT g X O~ MCem
FToOC omOo m ZOrD> n DO ET IR "W m CE> or 0
U em = LOOGHr rx HmzoanImCtz m 2 \RPEOZ e w
2 = mmo i oxr OERMHBD 2 M sing —qon 1 APLE PSRN %
Pl ] e = S UEDOY L mEM FrmZo ~ 4 IXTwn = Nkt 2 (g
C D~ — m Q <rmoc BN Mem~sO M Oy m o e M o
L I o B x VI -y oom =Zmmouvo = T PXoOs
A B 4 P P Y ~ . BNt~ ~wemm OO x ~ i L2 I = P
I =2 = [ 7] -0 x onden B =4 JF N 3 D = wr Muigzrezm
==r-g.om [} [t VOC = MO L (e VIM=~Dx (=) fo To o
- rco T (%] -“Z 0 BATIMmmMm X0 ~EINS I o B T
Tt o - v =D -2 e Rl -1 = o - o e T
OV DAY - w L] M m MXOXDCINT oo - Xy %) o S o m
T OoOm . -t IO b *MIMMN S CwhnZn - [y el ST
T 2O~ ~ M O —ire » VX ML oy w ~ - =T v
L~ [ = TTm ITMOD Mg n MR o~ m = — LI by - S O
- Oz o X XIa MM Mg CrEexuy o = [ 7} aw] >
- D0 > mmnoxn <E~N o ) i ey b m —t )y
@il e Lirm T YMNMCwv i Ll ]} “ m= = = (=X
= m C~N O mxame e 2 Y xpoc m m (o 20
£ “n MNOC DanOD . AE wz o n > r~ -
c ol e am CO=HN T i e b3 Cr m [
- ~CWLn me en m L T 0O =z ZM
Ia} S DO b g Z m [} (] —o
- O£ v e —XIC A0V [ 2] E ad o
D O~ Cmm omm =
(%] e H By . B Z [ 3T - [ %] —4ft
- rc L T Y o Yo j= ] MMmer+L - -
z my 2 M~ ~—f zoOvm = (=]
%) O £ m = mo- m 7] o
Oy X s XN m = & [l rm
o] o - SR~z o = boB ] = —n
— M Trmres z 2 o R [ o] o
R -] S M <M Q b - X w 2
- e . VH O— BTME - mz=
mr- VI ~h mIx N e-3 — 2] =
— Fal m TN ~Am [l T 2] L]
- cw L ¥ o I =] m o - —
s mm < * QO mo == . o
W o« M T e (%] ut =
-0 0 Mo D [ ~
- Z ~ D m=x -{m [ =
w o O « 2. x w m
= w - m co - = =
I XD s mco I -
7 K o~ v am wvim w Ra)
-~ il e -7 m ] m
(v [ ks B SN e (%] o
- Z o o < -t -y el
wic o = 1] mn wvige <
i r wxm w o= i =
B x bt 12 I = Y- . P20 (%)
[t} B g [ Ta [V m
e o m Q Gre bt f
) = - 1
—d - (] L ] — —~
O T . (). O =z
[ o O L] [s -]
o = r - [ [gp)
m [%e] aud (=]
- O m - £
o -z gk} o —
[T - ] w (] g —
- x o = b 1 X
&0 x o -0 m
m m m
”~ = ~
Z
m
o -
O

|
i
i
i
i
t



(L]
=X
nc
it =
H X
-
H o
Ho
{4
i

Ho
0Hon
it}

H D
it

([ %]
H o~
nz
1% e
o=
m
1]

It &1
Horn
xR
it =
Hm
Hx

it en
H -
Hen
11 =t
ihm
nz
]

AT I,
oo
“PBLE oMM
He< << mung
PeMMMme) -
Mmuxn>»gc [ =)
PR porT
QoIeGCrm
*rrrnmmm-czm
[
e -e
Thtrameym T =
MMNrMIIE 7 -
Mg mno
) TmaxoO=E
HOODMDXJM
N oy
b S -
AT
DI T2 in
cmmron s
m —Z1
COVMD g
MM 3o
N Omz2
B Ry
- mozxyx
ONZChe
mc e
ZMAI X -
O e ey
* MMANE
O & mn -
Meam ~N
SN wro
UV ooy
oL LI 7, T
= ™ Py
~ om
2] (%]
o N
Cooem
Qme o
[on BN - T 9P

O DmOumM

O DT -
M b
Oxnm 9
oOmen mm
Y-y = X
QO
(). mw
Q (mla!
w (=T
Z20
oz
%] =]

it
[N ]
nx
e
inr
H I
H -
[
o
hz
n

He
-
"

e
]

1§
o
3=
N
L
Hrn
0

H
nm
i3
[ X
m
It
it

nn
-
i
(L]
itm
nx
i

— T b LT
mmmmmmi.l
(e v 3]
Mbbbb.’bﬂ‘-nl
Ne<<amen
mrr.mmmo—d
nRBLR/C o
bhbhml_'ﬂ
CoeCCem
7.mmmm—czm
-
el adtal % P Py PR
Trmmy
rTINNX.'ICZ b=
mm<£::m'no
o mmMooz
HQOIJMPJJM
NN —y
= = Y
dA~d—t—oT1.
EXTTC 2
ommrx 1% ]
m 2
CGMthD-ﬁ
M T I8 20 g
N DOmMmz
PRomC
- MOrrx
O0ZoOpn
mo i
SMUD X
U P
¢ MMmenET o
[ I M -
T4 [a¥}
L7, b o
I OB
Lan R, T 7 -
= - Py
C -
—t
v

I

It wn
H o
=
[{ N =
=
[T
It -
H~
Ho
iz
tt

no
H T
1]

il I»
It

fen
-
| -
e
hr
m
1]

H o
im
=
"<
Hm
il a3

[[R7}
"<
[ R %]
H -4
Hm
n=
H

mMey o
T
~t—
[
<= n

L

Oz

l

2
z
NN X NOILVTIdWOJ SIHL 40 SNiviec

104100 WVEDOUd S°TT IdTHOSWIS L o%ed ‘0 xTangayy




	TR-87-09.pdf
	20050915141632418 (2).pdf

