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OVERVIEW OF REPORT

Me tworkK Systems Corporation’s HYPERchannel network
is a baseband, 50 Megabit per second, high speed local
area network. HYPERchannei wutilizes a Carrier Sense
Multiple Access (CSMA) data trunk access protocol, with
prioritized staggered delavs. This network has the

capability of interconnecting various computer
resources of differing manutfacture, into a <ingle
efficient computing facility.

This network iz currently in use at the Huntsville
Operations Support Center (HOSC.,. HOSC as a distributed
computing system, is responsible for data acquiszition
and analy¥sis during National Aeronautics and Space
Administration’s (NASA) Space Shuttle operations. HOSC
also provides computing services for Marshall Space
Flight Center’s (MFSC) non-micssion activities. As
mission and non-mission activities change, <o do the
support functions of HOSC change, demonstrating the
need for some method of simulating activity at HOSC in
various contigurations

The simulation developed in this work primarily
models NSC‘s HYPERchannel network, since this network
basically determines HOSC's efficiency in accomplishing
1t mission. The model simulates the activity of a
steady-state network, reporting statisticz such as,
transmitted bits, collision statistice, frame sequences
tranzmi tted, and average message deiav. Thece
statistics may be used to evaluate such performance
indicators as throughput, utilization, and delay.Thus
the overall performance of the ne twork may be
evaluated, as well as predictine possible overioad
condi tionsz,

HOW TO REwD THIS REPORT

Thiz report is a fully detailed report concerning the
inner workings of the HYPERchannel Local Area Network,
Chapter 2; a description of the HOSC s=ystem, Chapter 3;
a full detailed description of the s=imulation szoftware
(design architecture Chapter 4, individual software
module description Appendix [I12; and a presentation of
the simulation results for sinale and dual trunk
operation, Chapter 5., The reader interested in a quick
overview and a3 survey of the HOSC srvstem performance
mav read Chapter | and Chapter S only. Howeuver
Knowledge of the HYFERchannel adapter’s inner workings
including message frame construction and timing 1z
de<sirable, Chapter 2.
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Chapter 1
introduction

1.1 NSC’s HYPERchannel Local Area Network

Ne twork Systems Corporation’s (NSC) HYPERchannel
local area network is a widely used very high speed, S0
Megabite per second, digital communications facility.
HYPERchannel utilizes microcomputer-based adapters and
standard 75 ohm CATV coaxial cable as data trunks, to
interconnect various computer resources within a
computing installation. There are three types of
adapters (Processor, Device, and Link) used to
interface individual equipment to the network of data
trunks. These adapters provide for:

o interconnection of equipment from various

manufacturers.

o high performance communication %Hetween
processors.

o a sharing of peripheral systems between
multiple processors.

o realistic physical location of
interconnected equipment.

o incireased utilization of interconnected
equipment.

o increased tolerance to individual
equipment failures.

Finally, Data movement within a HYPERchannel network is
accomplished by wuse of frames and frame sequences.
These frames contain the necessary information for
addresesing and routing, along with associated user

messaqges and data. A sophisticated internal protocol
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is used to provide for contention allocation, error
detection, retransmission allocation, and data
movement. These capabilities provide a reliable
network that is irsensitive to configuration, and
single points of failure. This interral protocol is
the basis for HYPERchannel system performance and will
be described further in a subsequent chapter.
1.2 HOSC System Overview

The Huntsville Operations Support Center (HOSC),
as implemented at the Marshall Space Flight Center
(MSC) in Huntsville, Alabama, is a distributed computer
resource facility. HOSC is designed to provide real
time acquisition, analysis, and display of data during
National Aeronautics and Space Administration’s (NASA)
space missions. HOSC provides support primarily for the
Space Shuttle, Space Telesccocpe, and Space Laboratory
missions. Among the resources available at HOSC are
various large minicomputers and peripherals. A large
portion of these resources are interconnected wusing
NSC’s HYPERchannel network. The configuration
flexibility afforded by HYPERchannel provides HOSC with
the ability to adapt to future mission requirements and
also provides MSFC with a large computing facility for
non-mission activities.

Data handling at HOSC ralle into two main

categories, mission and non-mission activities. Mission
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activities are those that take place during powered
flight. For example, the space shuttle main engine data
is analyzed by the Main Propulsion System (MPS)
processor, which ie also sent to a back up processor
simul taneously. Data arrives via direct ground links or
sateilite communication linke from the Kennedy Space
Center Firing Room at NASA’s Kennedy Space Center (KSC)
in Florida or from NASA’s Johnson Space Center (JSC) in
Texas. Services provided by the network during missions
are data analyesie and presentation <ervices for HOSC
mission support teams. Non-mission activities are also
provided by HOSCT, one of these is support for the
Payload Operations Control Center (POCC) preplanning
activity. Future expansion at HOSC may include computer
resource support for Digital Equipment Corporation’s
interactive graphics data baze <(IGDS), and XEROX
Corporation’s text-processing operation (SIGMA), both

of which, 3ire non-mission activities.

1.3 Research Objective

NSC’s HYPERchannel local area network is a
sophisticated computer network allowing considerable
flexibility and adaptability with regard to computer
r2sources. HYPERchannel allows a wide wvariety of
minicomputers, not necessarily manufactured by the same

company, to be interconnected in a single or
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multi=-trunk network. Thus, computer resources which may
be <separated DLy distance or manufacturer may be
utilized by one another within this distributed
computer network. HOSC, as a distributed computing
facility, wutilizes HYPERchannel to accomplish the
interconnection of various computer resources. Mission
requirements imposed on the HOSC, require that it
possecss the ability to adapt and change its resources
according to the dictates of a particular mission. The
configuration of the HOSC’s resources are mission
dependent and may be readily changed, however, the
effects of those changes cn system performance are not
readily apparent. The data handling capability of the
HYPERchannel network and its performance in wvarious
configurations affect HOSC’ s system performance
directly. With this in mind, the primary goal of the
research effort was the development of a simulation
model of the HYPERchannel network that could be
manipulated to predict and characterize the behavior of
the HOSC in a variety of scenarios.

The +first step in this analysis was an
investigation of the operating properties and
characteristics of a HYPERchannel network. In Chapter 2
of thie document, a functional description £
HYPERchannel 1s detailed with particular emphasis on

the protocols used by the network. The <second step,



detailed in Chapter 3, was the characterization of
various computer resources and possible HOSC activity
scenarios. The third step, detailed in Chapter 4, was
the definition and development of a software model of a
HYPERchannel network. Using this simulation nodel,
system parameters were varied to simulate changes to
the operating environment of the HOSC. Finally, the
results and conclusions of these manipulations tc the
simulation model were compiled and analyzed in order to
provide some insight into the present and perhaps

future operating characteristics of the HOSC.
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Chapter 2
HYPERchannel Network Description

2.1 Network Components
Ne twork Systems Corporation’s (NSC)> HYPERchannel

network is a high speed, baseband local area network. A
HYPERchannel network consists of standard Community
Area Television (CATY) coaxial cables used as data
trunks and various adapters to control network traffic
flow. These adapters use a carrier sense multiple
access (CSMA) protocol with prioritized, staggered
delays to implement traffic flow and control. Network
messages generated by an adapter are composed of frames
and are called frame sequences. These messages are
broadcast ower a given trunk at a fixed rate of 50
Megabits per second, using a phase modulation technigque
with a manchester data format, and are received by
ne twork components through nondirectional taps or ports
(Figure 2.1). Network components at. these ports are
Known as network adapters, which control access to a
given trunk. A network adapter can be attached to as
many as four independent network trunks, enabling a
configuration to match a specific installa*tion and
provide:

o incremental expansion

o linear interconnect cost

o no single point of failure

é
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NSC manufactures three main types of network
adapters: processor, device and 1link. A processor
adapter interfaces a computer data channel to the
network of data trunks. It serves as buffered data path
between the computer attached, and the trunk network.
The computer communicates with data buffers in the
adapter at its owr: rate and asynchronous with
transmicssions on the network trunks. The adapter
provides the necessary formatting and internal protocol
to transmit the contents of its buffers over the
selected network trunk. The prccessor adapter receives
data from the trunk network and provides status
information to the uoriginator of the data. The computer
at the receiving adapter may then access the data and
any associated message in the adapter buffer. NSC has
designated thies adapter 1type as A400 HYPERchannel
adapters, herein referred to as adapters. The device
adapter functions as a remote channel providing a
computer data channel for the attacnment cf peripheral
contro! units. This adapter i3 driven by network
messages from the data trunks. It receives network
messages containing device commands, data, and control
information. It qenerates mecssages containing status or
device data. The device adapter operates multiple
devices in the same manner as a data channel produced

by a computer manufacturer operates multiple devices.

-
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The 1link adapter i used in pairs to provide
communication between remote HYPERchannel networks. A
link adapter receivirng a network message destined for a
remcte network transmits this message over a wide band
communications 1ink to the remote networxXx. The 1ink
adapter at the remote location receives this message
and retransmits it over its own local network. There
are two types of 1link adapters, the terrestrial link
adapter and the satellite link adapter.

Finally, due 1o the nature of the HOSC computing
facility only the processor adapter will be included in

the model.

2.1.1 Adapter Architecture
Eazh adapter, regardless of the ¢type of user
equipment attached, consists of the following:

© A lé-bit micro-processor with 4096
words of read-only memory (ROM)

o Storage section (Buffer and Control logic)
1024 8-bit bytes of control memory with
odd parity

40946 8-bit bytes of buffer memory with
odd parity

14 working registers

16 trunk registers

256 extension registers
o One trunk interface

Thie portion of an adapter is termed the Nucleus

Adapter., The nucleus adapter has two general
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applications,(processor and device adapter) determined
by the type of equipment attached and the necessary
interface required. Thuse an adapter consists of a
cpecitic device interface and a nucleus adapter. The
device interface will then define the particular
adapter type. An adapter can be divided into four main
sections: micro-processor, buffer, and control logic,
trunk interface, and dewvice or equipment interfare
(Figure 2.2). The micro—-processor has a 40%& 16é-bit
word read-only instruction memory with a 320 nanosecond
crcle time. It handles equipment functions and
responses and manages data fliow on the direct data path
betwz2z.. the equipment and the =2dapte~ buffers. The
buffe~r and control logic along with the trunk
interfaces control the high specd trunkK transmissions.
It consists of a 1024 8-bit byte control buffer,
normally used to stack control information, and a data
buffer containing 4094 or (opticonally) 8192 8-bit
brtes. This section_also contains a flag register and
other reqgisters to cspecify buffer address, length of
data tran mission, and network addressing functions.
The control Jlegic contained in this section allow
concurrent access to memory by both trunk interfaces
and equipment interfaces. The 100 Mbps buffers allow a
50 Mbpe data movement on the data trunks along with a

S0 Mbpe data movemant with the zattached equipment. The

10
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trunk interface board <(up to four) contains the
necessary transmitting and receiving electronics and
the high <cpeed 1logic to control the tranesmission
envelope-checkwords, access ccde, and network address.
BEach trunk interface has the ability to generate a busy
or reserved response and contains the logic to control
trunk contention on ite attached data trunk. Finally,
the device interface (up to four. or equipment
interface contains the circuitry needed to interface a
specific equipment or device to the adapter. This
interface is unique to a given device and determines
the adapter type.
2.2 HYPERchannel Protccols

HYPERchannel adapters support trunk selection,
trunk-access, adapter—-adapter wvirtual circuit, and E
host-adapter protocols. The trunk selection protocol is
based cn a cyclic scan of the connected data trunks.
The trunk-access protocol is of the carrier <cense
multiple access (CSMA) type, with ordered prioritias
assigned to each adapter. The adapter-adapter wvirtual
circuit protocol involvese connection (adapter
reservation and deadlock avoidance?) and data +tlow
control. The assumption of a steady state model
precludes inclusion of the host-adapter protocol since
a host is represented as a fixed rate data source. In

order to understand the impact of the various protocols
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on system performance, they will be described in detail
in the remainder of this section.
2.2.1 Trunk Access Protocol

HYPERchannel uses a carrier sense multiple access
scheme with prioritized staggered delays to implement a
trunk access protocol. The intention of this scheme is
to:

o ensure that ready adapters defer to on-
going transmissions

o ensure that iresporse (acknowledgement)
frames are transmitted without inter-
ference

o provide as much trunk capacity to the
highest priority adapter as it requests
by prioritized access, and provide as
much capacity to the next highest priority
acdapter as it requests, and so on

o sort out collisions without the necessity
of generating random retry deiays and ensuring
that colliding frames are not involved in
collisions when retransmitted.

HYPERchannel accomplishes this with four primary
mechanismes: tranesmitter dicable, fixed delay, N delay
ar priority delay, and end delay. These functions are
implemented on each trunk interface board and can be
different for each trunk attached.

Any time the trunk is <csensed busy the adapter
trancmitter is disabled (unless it is transmitting) <so

that an ongoing transmission will not be interfered

with., The +fixed delay period is a delay period

13
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following any transmi sion in which only the receiving
adapter .for the last transmission ie allowed to
transmit. This period of time allows a receiving
adapter to recpond immediately without being interfered
with by other ready "sending adapters". A transmitting
adapter which doee not receive a recponse to a
transmission during this period assumes that its last
transmission was lost and will schedule a
retransmission. Following the fixed delay period a
scheduling period beqgins. This period ic the N delay or
Priority delay period and is a unique event for each
adapter on a qgiven trunk. An adapter’s priority delay
is assigned based on the priority (user defined) and
placement on the trunk of the adapter in question.
Followind the fixed delay period an adapter ready to
transmit will wait until itse priority delay, at which
time it is allowed to transmit without interference if
the trunk ies idle. If an adapter becomes ready to
transmit during this scheduling period, but after its
priority delay has expired it must wait until its
priority delay occurs again or until the end deiay
period (defined next) is encountered. The end delay
period occurs if an entire scheduling period passes
without an adapter transmission. After this event a
free—-for-all or contention period begins in which any

adapter which becomes ready to transmit may do so. In

14



this contention period, collisions become possible if
two adapters sense the tirunk idle and attempt to
transmit nearly simultaneously. These wvarious delay
events are implemented in each adapter by a timer. This
timer is enabled any time the trunk is serncsed idle and
begins to count down to its respective delay events. If
at any time the trunk is sensed busy the timer is
disabled and loaded with the end delay walue. As the
timer counte down the fixed delay, priority delay, and
the end delay events are signaled (Figure 2.3).

These delay settings are set into what NSC terms
as contenticn switches (SW1-SW?), located on each trunk
interface board. These contention switches have 16
discrete positions (0 through F', with each position
providing 1460 nanosecondes of delay. These switches are
grouped in sets of three switches per parameter. SWi,
SW2 and SW3 are the least-significan: bit position
switches and SW7, SW8 and SW? are the most-significant
bit position switches. An adapter’s fixed delay is set
into switches (SW7, SW4 and SW1), its priority delay is
cet into switches (SW8, SWS and SW2) and finally, its
end delay is set into switches (S\W?, SWé and SW3). The
actual settings for these switches are calculated from
expressions given by NSC. These expressions when

evaluated, yield decimal numbers which are then

15
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converted to hexadecimal equivalents., The hexadecimal
equivalents are then et into the contention switches.
When an adapter receives a transmission frame it
will immediately generate and transmit a response
frame. So that all ready-to-send adapters will not
interfere with this response, the fixed delay period
muet be such that all adapters will sense the response
before this delay expires. This relation as gQiven by

NSC [NSC80al) is:

Total trunk cable

Fixed Delay = length (£t.) + 13 1)
40
This wvalue as calculated will be the same for all

adapters on a given trunk. The priority delay refers to
the period of time uniquely assigned to each adapter on
a trunk. This time period occurs following the <fixed
delay period and is determined by the adapter’s
assigned priority and position on the trunk. The
highest priority adapter is assigned a priority delay
of 0.48 microsecondg, this allows sufficient time for
the highest priority adapter to prepare to retransmit
an unacknowl edged frame prior to its scheduled

transmission time.

17
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The priority delays for the remaining adapters on the

trunk ie given by [NSC80al:

Priority delay of next
Priority = 10 + highest adapter (decimal value)
Delay

2)

+ Cable length (ft.) to next highest
priority adapter
40

NSC recommends that priorities should be assigned
csequentially in order to maximize throughput on the
trunk. The end delay is calculated for each adapter
such that the lowest priority adapter on making a
transmission is sensed by all other adapters on the
trunk. This is necessary since an adapter may transmit
immediately when its end delay is signaled (contention

period). This uelay is calculated as follows [NSC80z1):

Priority delay of lowest
gnd Delay = 10 + priority adapter (gecimal value)
3)
Cable length (ft.) from this

+ adapter to farthest adapter
40

An example of the use of (1), (2) and (3D s
illustrated in Figure 2.4. The calculations which

follow are performed for unit #25, trunk O.

13
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UNIT #10 UHIT #25 UNIT #13 UNIT #05
PRIORITY O PRIODITY | PRIORITY 2 PRIORITY 3

AD8 TRUNK BOARD

FIXED DELAY=0 2 8,¢

E

SWITCH SETTING UNIT i0 UNHIT 25 UNIT 13 UNIT G5

_FIXEDDELAY | 28 28 28 28

PRIORITY DELAY 3 17 30 3F

END DELAY 67 50 62 67
Figure 2.4 Sample AD8 Contention Timing

Calculations

[N5C80a].
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Fixed delay = 1200 feet + 13 = 43, = 2B 4
40
Priority delay = 10 + 3 + 400 = 23;45 = 174

40

End delay = 10 + 6345 + 800 = 93y = 9Dy 4
40

These wvalues are then set into the contention switches
located on the AD8 trunk interface board as indicated.
Finally, in the access scheme described thus far, the
highest priority adapters coculd possibly monopolize the
trunk. To prevent this a device Known as a wait
flip-flop is implemented in each adapter. This
flip—flop is <set when an adapter transmits and is
cleared when the adapter end delay is signaled. When
the *lip-?lop is set the adapter is prohibited from
transmitting, the intention of this device is to
provide a fair allocaticn of the trunk. All adapters
are equipped with this device and adapters with this
flip-flop enabled may coexist, on the same trunk, with
adapters whose flip-flop is disabled.

2.2.2 Adapter-Adapter Link Level and Virtual Circuit
Protocols

The following sections will deal with data
movement and the protocnls involved once an adapter has
gained access to the trunk through the trunk access

protocol. The data 1link protocol may be viewed as

20
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having two basic information grouping levels. The basic
information wunit iz the frame and a higher level
grouping i1s the frame sequence.
2.2.2.1 Frame and Frame Sequence Structure

The =mallest unit of information transmitted over
the network ics the frame. There are three classes of
frames: transmission frames, data frames, and response
frames. Transmission frames are generally short frames
(up to 38 bytes) used by adapters for signalling and
status exchanges. Table 2.1 lists these frames and
their functions. There are two forms of data frames,
message proper frames and associated data frames
following a message proper frame <(Figure 2.8). An

adapter receiving a traznsmission frame, message proper

or a data frame will generate and transmit a response
frame. This response frame <serves to acknowledge
receipt of a frame and in some cases returns

information to the tranemitting adapter. Frame formats
are listed in Table 2.2. Note from Figure 2.2, that the
tfixed delay period is used to initiate tranesmission of
cther than acknowledgement frames as will be explained.

As stated previously, a higher jewel information
structure2 is achieved by grouping frames together into
frame cequences. All information exchanges occurring on
the network will be in the form of <frame sequences.

There are two types of frame <cequences used on the

21



Table 2.1 HYPERchannel Protocol Frames [Fran 841].

Transmission Frames

Set Reserve - Reserve receiving adapter
Copy Reqgister - Request for Reqgister information
Clear Flaa 8 - When set, Flag 8 indicates that

the adapter is ready to receive a
frame. When clear, it indicates
that the frame has been received.

Set Flag A - Flag A, when =2t, indicates that

Clear Flag A the receiver will receive
associrated data. It is cleared
when the lacst block of associated
data 1s received.

Clear Flag ¢ - When set 1n the receiver, Flag ¢
indicates that the receiver is
ready to receive data. When set
in the transmitter, it indicates
that the transmitter is ready to
send data. When cleared in re-
ceiver, it indicates that the
data block has been received,
When cleared in the transmitter,
it indicates that data can now ba
transmitted.

Data and Message Frames

Message Proper - Used to transmit host messaxges of
length less than or equal to 354
brtes.

Associated Data - Used to transmit data blocks of

length up to 2 Kbytes.

Response Frames

Response - A receiving adapter sends a re-
sponse frame for each non-
response frame received., Its pur-
pose is to acknowledge received
trames or, as in the case of the
response to a copy reqgisters
frame, to send requecsted data.

22
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Table 2.2 Frame Formats [FRANS82].

Field Length Field Length
(bytes) (bytes)
leading syncs . . 12-18 leading syncs . . . 3
frame type . . . 1 frame type . . . . 1
access code . . 2 access code . . . . 2
to address . . 1 to address . . . . 1
$rom address . . 1 from address . . . 1
function code . z function code . . . 2
message length . 2 message length . . 2
check word . . . 2 check word . . . . 2
trailing sync . . 8 trailing .« « « + « 8
Transmission Frame Format Responcse Frame Format
(no data>
Field Length Field Length
(bytes) (bytes)
leading s¥ncs . .12-18 leading syncs . . 3
frame type . . . | frame type . . . 1
access code . . . 2 access code . . . 2
to address . . . 1 to address . . . 1
frcm address . . | from address . . 1
function code . . 2 function code . . 2
message length . 2 messaqge lenqth . 2
check word . . . 2 check word . . . 2
message/data . .8-4é4/ register
0-2K information i oa 2
message/data
checkword . . . . 2 checkword . . . . 2
trailing sync . . 8 trailing sync . . 8
Mescsage Proper and Aszociated Response Frame Format

Data Frame Format

NN
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network: message-only and message-with-data sequences.
A message-only sequence is normally used to transmit
short messages of up to 44 bytes between devicez on the
network. The sequence of frames which makKe wup a
message-only sequence are shown in Figures 2.5 and 2.6.
Data is transmitted on the network in 2K byte blocks
(optionally 4K byte blocks) in message-with-data frame
sequences, as shown in Figures 2.7 and 2.8.

In order to promote efficient utilization of the
trunk an adapter does not maintain control of the trunk
throughout an entire message-only or message-with-data
sequence. An adapter will relinquish the trunk while
performing tasks not requiring the trunk, these periods
are depicted as delays in the Figures representing the
two types of message sequences. After transmitting the
first frame of a sequence the trunk is released. When
the transmitting adapter is ready to continue
transmitting it must compete with %the other adapters
for trunk access. After reqQaining access to the trunk
the adapter will transmit a copy register frame, if
thie frame 1s transmitted without a collision, the
receiving adapter will send a response frame to the
cender. Upon receipt of a response frame the adapter
captures the trunk by transmitting during the fixed
delay period that followse. The trunk ie regained

without interference since any ready to send adapter is

29



SENDER RECEIVER
Set Reserve >
- Response
=
Copy Registers L
-t Recsponse (Includes

register information)

Message Proper >
- Recsponce

Clear Flag 8 -
L - Responce

Note: Frames enclosed within bracket are transmitted without
interference by beginning their transmission in the fixed
delay pa2riod.

Figure 2.5 Message-Only Frame Sequence [FRANS41 .
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} SENDER RECEIVER CHANNEL CHANNEL DURATION
RELEASED HELD (uSEC)
— -1;-
Delay T
(Preparation
* to transmit)
: é4
X
Set Reserve emmm—m——ee——p- -+
12
-4+ Response il
Delay 23
Copy Registers ——b -+
Respocnese
44— (register
information)
Message o 74.5
(64 bytes)
44— Resgponse
Clear Flag 8 —m»
- Responce r T
Delay 20

Note: Transmission times do not include propagation
delay,

Fiqure 2.6 Timings for Message-Only Sequences [FRANB4],

26
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— SENDER RECEIVER
0 Set Reserve P
- Response
Copy Reglister$ ——————p
Messange Response (inc.
Proper < reg. info.)
Receive Data
>
(send message)
- Response
Set Flag A .
-t Response
44
- Clear Flag 8 >
- Response
— <t Clear Flag ¢
0 Response >

Copy Registers ———————p

- Response (+ reg.)
Associated
Data Block Receiv: Data
(send assoc. data) ot
- Response
Clear Flag 9 >
-} Response
2047 L - Clear Flag %
2048 Response -

Copy Reqgisters —————p

- Recsponse (+ req.)
Associated
Data Biock Receive Data
(send assoc. data) -
¢ Responce
Clear Fiag ¢ =
- Recponce
- Clear Flag ¢
Response —=
4094
- Clear Flag A -
-4 Response

Note: Frames in brackets transmitted without interference by
beginning their tranesmission Iin the fixed delay period.

Figure 2.7 Message-with-Data Frame Sequence [FRAN82].
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SENDER RECEIVER CHANNEL CHANNEL DURATION
RELEASED HELD (uSEC)
Preparation to transmit -[- -—r=64
Set Reserve emm—m—m———yp T 12
- Response T
Delay 23
Copy Register ———p= +
¢4————— Responsce
Messanqe -
< Response ?6.5
Set Flag Ac—m—e—.———p
- Response
Clear Flag 8 —————p=
< Responze +
Delay é4
<4—————Cl2ar Flag 9 Ti2
— Response > T
Delay 29
Copy Register —me—mm——p= +
-4 Response
Assoc. Data
—_—
(2K bytes) 412
F - Responce
Clear Flag @ c— —n0rnuw-up
< Reeponse =+
Delay 34
- Clear Flag % T 12
| _ Responce > I +
®
— Repeat for each data frame e
®
Clear Flag Ae———p +
- Reeponce J L 12
Delay
LZO
Fiqure 2.8 .Tlmings for Message-with-Data Sequences
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prevented from transmitting during the fixed delay
period. If the sequence to be transmitted is a
message-only sequence, control of the trunk is not
relinquished until the entire remaining sequence s
transmitted, see Figure 2.6. The timing and duration of
a message-only sequence is shown in Figure 2.6.

A message-wi th-data sequence is preceded by a
message-only sequence, following the transmicssion of
the message proper the trunk is released, see Figure
2.7. When the receiver indicates that it is ready to
receive more data by sending a clear flag ¢ frame to
the sender, the sender will compete to regain access to

the trunk. Once the sender regains access to the trunk

it will send a copy register frame to the receiver. If¥

successful, it will regain control of the trunk as
described before. Control! of the trunk will not be
relinquished until an asscciated data frame and clear

flag %9 frame are transmitted by the <ender. Thisg
process iz repeated for each associated block of data.

Maintaining control of the trunk during data <frame

transmicssions ensures that these frames are never

inyolved in collisions, thus only relatively <chort
frames will ever need retransmission due to collision
on the trurk. The trunk is held during data Frame
transmission by the sending adapter, by transmitting

synchronization bits during the fixed delay periods

29
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following the tranesmission frames that make up the data
frame sequence. The timing and duration of this
sequence of frames is shown in Figure 2.8. It is
important to note that in all of these sequence
tranemissions that during the delay periods, a
transmitting adapter must always compete for trunk
access in order to regain the trunk.

NSC adapters also support an alternate form of
transmission scheme Known as the burst mode. In this
form of sequence transmission, an adapter will not
relinquish the trunk until 1t completes an entire frame
sequence transmission. According to literature
available [FRANB2],[FRANE4) this mode is rarely used
and will not be detailed in this work.
2.2.2.2 Trunk Selection

Any adapter in a network can be cornected to up to
four trunks. Each trunk usec the same trunk access
protocol and operates independently, i.2., each trunk
has a separate interface board within an adapter. The
interface listens for properly addrescsed inceming
messages and is wcapable of generating rejection
response framesz if its adapter is reserved. An adapter,
having a frame to transmit and contending for a trunk
will <ecan the trunkes in a specified manner until it
senses a non-busy trunk. The adapter then waits until

the trunk can be captured tihrough the trunk access

ao
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protocol. If the trunk is busy with the adapter’s frame
transmission its search terminates; otherwise 1 -
continues. Trunkes to be t- . ed car 2: zpec <i:2 in =z
host—-adapter message and a receiver’s trunks to try may
be specified by the transmitting adapter. A trunk is
said to be disabled if it is not connected or was not
specified as a trunk to try. A trunk ie csaid to be
enabled if it is conrected or is specified as & trunk
to try. An adapter will try a tirunk by first
determining whether i1t is enabled or disabled, if the
trunk ie disabled or busy it will try the next trunk.
If the trunk is enabled then the adapter determines
whether or not it i busey. The peiriod of time required
to try an enabled trunk is 5.5 microseconds, while the
time required to try a disabled trunk is 2
microseconds. The ability to specify the trunks to try
in the transmitter and receiver provides a means to
dedicate trunks to specific types of traffic, e.q.,
cshort transmissions on one, long traznemissians on
another. Simulation <=studies indicate no benefit s
derived from dedicating trunke for particular message
types. The ability to specify trunks is more useful in
multitrunk networks that are not <+ully connected
[FRANB4]1. It 15 possible for an adapter connected to

more than one trunk to recei 2 messages simultanecusly,

when this happens the adapter will accept one anc
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reject the others. Communication between adapters on
two different trunks, requires the services of an
intermediary. One of the adapters will transmit to a
device attached to an adapter common to »oth trunks.
Once this device has received this message sequence it
will then proceed to tranemit the <equence to the
intended receiver on the other trunk. Thus
communication between adapters on different trunks
consists of sending a message-with-data sequence twice.
2.2.2.3 Virtual Circuit Establishment

An adapter reservation scheme (Figure 2.9) is used
to establish a wvirtual connection between adapters
desiring to communicate. When an adapter receives a2
mescsage from its attached host. it will first reserve
itself; that is, the adapter makes itzelf inaccessible
to received transmissions from any other adapter with
the exception of the adapter with which 1t is trying to
communicate. After reserving I tself, the <=zending
adapter transmits a set reserve frame to the receiving
adapter, If the receiving adapter is idle; that is, it
is not reserved, then the receiving adapter will
transmit a recsponse frame indicating that the adapter
has reserved itself to receive a transmission from the
tranemitting adapter. Following the reservation of the
receiver, the frame sequence transmission proceeds as

described in cection 2.2.2.1. Both the transmitting and

32

~
b

3} N
.

W



-~ msg. No
from

&5

reserve self

!

]
initialize:
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receiving adapters remain reserved during the entire
message-conly or message-w' ith-data frame sequence
transmission. After completing the +frame <sequence
transmission, the ¢transmitting adapter releases the
receiving adapter with a clear fiag A frame and then
releases itself completing the termination of the
connection; see Figures 2.6 and 2.8.

When a transmitting adapter sends a set recserve
frame to a reserved adapter, the rescerved adapter will
respond with a recervation reject frame. The tirst time
x sending adapter receives a reservation reject frame,
the adapter will delay for a "binary exponential time"
before making another reservation attempt. Following
the first reservation rejectinn the adapter will delay
! microsecond before making a second attempt. For eaczh
following reservation rejection, the adapter will delay
an amount of time equal to twice the previous delay, up
to 128 microseconds. When this wvalue of delay (128
microseconds) i< exéeeded retry i¢ advanced by one, the
delay is reini*tialized, and the sequence iz repeated
(Figure 2.9). This procecs will continue until =zither a
successful reservation occurs or the adapter’s reftry
count is exceeded. An adapter’s retry count is kbased on
itz unit number, manually s2t by the user and is in the
range of S5 to 250. I+ after reiry count tries the

adapter is unable to reserve the receiver, the

)
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transmission is aborted and the sender returns to the
idle <cstate. The <sending adapter remains reserved
throughout the entire reservation attempt process. This
reservation scheme with the binary exponential delays
be tween transmissions, serves as congestion control on
the network by Keeping a <ending adapter from
monopclizing the network.

This retry scheme as described has the potential
of causing adaptcer deadlock. This will occur if two
adapters attempt to recerve each other nearly
simul taneously. They will find each other reserved and
Qo thrcugh the retry scheme until one or the other‘s
retry count is exceeded and aborts the attempted
transmission. To allewviate this problem, x back-of+f
scheme s omplored by communicating adapters. This
back-off routine enables a sending adapter to determine
the identity of the adapter that the rejecting adapter
is attempting to reserve srem the reject response. I
the sending adapter determines that it and the
rejecting adapter are attempting to reserve ane
another, then the sending adapter aborts its
recservation attempt anrd releasec itself. The <lowness
of this back-off mechanism can cause both adapters to
abort their reservation attempte, preventing =ither

adapter from communicating on the network. The time
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required for this mechanism to respond i¢ dependent on
the adapter model and iz approximately S0 microseconds.
A second form of deadleck which the back-off
mechanism will not currect is called a reservation
request loop. This occurs when three or more adapters
attempt to reserve each other,i.e., adapter A attemnts
to reserve adapter B, thile B attempts to reserv2 C,
and C attempts to resz:cve 4, In this caze the adapters
have no way of Jdetermining that this sitvation exists
and each adapter w:'l: perform the reservation retry
scheme as previously describad. This deadlock will only
be rcsolved wh - n one of the adapter’s retry count
expires, causing the adapter to abort its reservation
attempt and release itzelf. Sericus degradation cf
trunk throughput mav be predicted during this
reservation request loop period [DONNMZ7?].
2.2.2.4 Data Flow Control
Me twork adapter‘s are supplied with two ZK byte
buffers (4K byte buffers optional?. With two buffers
nne can be filledsemptied by transfer +fromsto the
attached host, while the other buffer i3 emptied/+illed
by a network transmissionsreception. In order to ensure
that buffer capacity is not exceeded, a flow control
mechanism (s needed. Flow control ise achieved in two
ways. First, data frame length is 1imited to adapter

buffer length. Second, an adapter zending a data frame

35



e T

 §

may not send another data frame wunti! the receiving
adapter specifically requests it. This ensures that an
adapter will not receive datz framee at 2 rate faster
than an adapter may process them.

Additiona! techniques used by adapters to prevent
them from becoming permanently blocked awaiting receipt
of a response frame which wil!l never arrive are
described in the following. One of the techniques
involved is the requirement that rezponse frames begin
their transmission during the fixed delay period. If an
adapter does not receive a response to a transmission
it will reschedule the transmission at a later time. To
ENnsure that an adapter does not retransmit
indefinitely, as would be *the case if the receiver
address were incorrect or the recejver wasc
malfunctioning, a Timit is placed on the number of
retransmissions allowed., A set reserve frame will be
transmitted 16 times on each trunk and then aborted if
no response is received. All other frames will be
transmitted 256 times before abort. For the case when
the expected response i€ a non-responce Fframe ( clear
flag ¥ granting permission to transmit data) a "deadman
timer" is used. In a transmitting adapter this time
frame spans the time from when the host’s transmit
message i s receivec until the last butfer is

transmitted and acknowledged. In the receiving adapter

et
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this time begins with the receipt of a set reserve
frame and does not end untii the receipt of the last
data buffer. This time <span ranges from .5 to 8
seconds, adjustable in .S <econd increments., If all
frame transmissions are not completed before this timer
expires, the transmission is aborted [FRANZZ],.
2.3 Intra-Adapter Communication

A message transfer between attached hosts on the
same adapter is termed an intra-adapter trancfer and is
carried out entirely local teo the adanter. This type of
data transfer occurs without utilizing the data trunk
network. An important consequence onf this type of
transfer is that the adapter will appear reserved to
the rest of the network. Obviously, if the occurrence
of this type of transfer becomes predominate then
network performance will suffer. [ resources do not
conflict, intra-adapter communication may occur
concurrently with ne twork traffic and cause no

degradation of network performance.

38



Chapter 3
HOSC System Description

AT previously <tlated, HOSC is a distributed
computer network employing many Jlarge mini-computers
and NSC’s HYPERchannel network. The primary tazk of
HOSC is to provide NASA scientists and engineers with
near real time acquisition and analysie of data during
Space Shuttle operations. This information aliows MSFC
engineers and contractor personnel to act in a support
capacity to other mission specialists at KSC and JSC.
Some of the primary monitoring and support requirements
of HOSC are pre-launch support for the Space Shutfle
Main Engine (SSME), the External Tanks (ET), the Solid
Rocket Boosters <(SRB“s), the Main Propulsion System
(MPS), and the Range Safety System (RSS). Further,
supoort is provided for mis=ion experiments designed by
MSFC personnel.,

NASA has defined the missicn of the Flight
Operations Support Center at HOSC as follows:

During powered flight, the HOSC will
receive only data which is in the LPS (Launch
Proceesing Svstem) at KSC. The Shuttle
support team will be in the HOSC during this
phacse of the micszion and will be the point of
contact with the JSC Mission Evaluation Room
(MER) for problem discussion and resolution
as required and will be on call during
orbi tal opeirationz. The Space Lab and
experiment support team will be located in

the HOSC during orbital operations when
applicable.
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Following completion of the actiwve

Shuttle wehicle <upport activities, data is

recalled as regquired for more detailed

analysis. and initial preparation is made to
provide <support to post flight evaluation

[NASAB82] .

HOSC is located in the west end of A-wing building
46463, at MSFC in Huntsville, Alabama. Figure 3.1 shows
the functional components of one of many HOSC system
configurations. The information contained in the
following c2ctions of Chapter 2, is from previous work
published in connection with this same research effort
[MAULS841] .

3.1 Typical HOSC System Activities

The data processing activities at HKOSC can be
placed into two cateqories, routine daily activities
and missicn/launch activities. A summary of these
activities by category and some detaile of typical data
transfers are outiined in Table 3.1. While this table
and the description that follows describe typical
activities, these are not all the activities that HOSC
is engaged in. There are <come activities that are
defined only +for a current mission,i.e., experiments
directed by HOSC mission specialists. Since these may
change from missicn to mission they are not included in
the following description, but must be characterized
and considered in the specific mission scenario

required for the total system analysis.,

40



| .

;— NS Ay s TR o

*uotieandtjuo) DSOH T1e>1dAL T°¢ 2anlty

13A30 [ av1 dNXOvE
d34 YMLIS 30vdS SIS
3INyd ELET dNXove . 3INiyd d33 0S5
Sdin 30vdS Sdin sis 3nss |

[ 9 4 %

T 49ydopy 0y G J9ydopy 00y | Jeydopy OObY ¥ Je3dopy QOPY ¢ Jeydopy QOvY
I9UUDYIIJAH I9UUDUIYIdAH IPUUDYINIHAH [UUDYIYIJAH IPUUDYIYIJAH

|@ | NunJ| |SuUoYSY3IGAH Sdqp 05 ml

41




.

TABLE 3.1 MHOSC Cata Trwunsfers

I. ROUTINE DAILY ACTIVITIES

AI

POCC Activi ty
Resources Inveolved: MPS Primary (VAX 4O
MPS Backup (VAX 1)

Quantity of Data: 150,000 S12-byte blocks in
two components. & B8344-byte
blocke and 100,000 S12-byte
blocks.

ECIO Data Stream (Generated by POCC)
Resourcee Involved: MPS Backup <VAX 1)
Spacelab 8/32

Quantity of Data: 51.2 Kilobyte per second
stream concurrent with POCC.

IGDS/SIGMA Activities (Proposed?
Resources Involved: To be determined

Quantity of Data: Unknown.

II. ROUTINE LAUNCH ACTIVITIES

AL

Routine Daily éactivities (See Item I.)

B. Main Engine Data

PRecourcees Involved: STS Primary (FE 2244)
MPS Backup (VAax 12

Quantity of Daia: S0 Kilobit per second stream
(Launch minus 8 hours until
MECO,

0D Data Stream

Recources Inuvolved: FEP SSME (PE 2244)
CSO Computer
STS Primary (PE 3244)
MPS Backup (VAX 1)

Quantity of Data: 192 Kilobit per second
stream into FEP and then to
CSO with transfer c+ 40
percent to 3TS Primary and
MFS Backup. (Launch minus %
seconds until MECO)

Engineering Display Changes

Resourcee lnvoluwed: STS Primary (PE 3244)
STS Backup (FPE 8/32)
Spacelab 8/32 (PE 8/32)

auanti ty of Data: Insignificant.
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One activity not associatsd directly with the
real-time responsibilities of the network and therefcre
a routine daily activity is POCC simulation activity.
The impact of POCC activity on overall performance of
the network <stems from the requirement of continuous
data transfers between network computers. This data is
currently being trancsferred between the MPS primary
computer (UAX 4) and the MPS backup computer (VUAX 1).
During each twenty-four-hour period, this activity
requires the transfer of 150,000 S12-byte blocks of
data. Thie data is transferred in two components; six
times each day, an 8344-byte block is transferred
(S0,000 bytes cumulative), with another 106,000
S12-byte blocks transmitted randomly but distributed
evenly throughout the day.

POCC also generates a continual S1.2 Kilobit per
second data stream Known as‘ the Experiment Computer
Input/0utput (ECIO) data stream. This data stream is
ongoing and concurrent with POCC activity. ECID data is
transferred from the MPS BacKup Computer (VAX 1) to the
Spacelab 8/32 (PE 8/32c).

The routine components of the launch day data
activities ar2 the Main Engine Data Stream, the
Operational Data (0D) Stream, and the Engineering
Dizplay Change requests. The Main Engine Data is

collected and disseminated on launch day only. Data i<
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funneled through the network to the MPS BacKup Computer
(VAX 1) from the Shuttle Transport System (STS)
Computer (PE 3244). From eight hours before launch
until about twelve minutes after launch at Main Engine
-ut Off (MECO), STS Primary acceptes a continuous S0
Kilobit per second data stream directly from the KSC
Firing Room and transfers about 24 percent (12 kKilobits
per second) of the total stream to MPS Backup.

The 0D SCtream ie a 192 kilobit per second data
stream arriving at the Front End Processor Space
Shuttle Main Engine <FEP SSME) Computer (PE 2244) on
launch day concurrently with some of the Main Engine
Data <(launch minus % <seconds until MECO). This data
arrives from Goddarc Space Flignt Center in Maryland,
and 1s traneferred over the network to the (SO
facility.,

The Engineering Display Change activity is an
almost insignificant addition to the total network
traffic. This activity involvee a transfer from STS
Primary to STS Backup and Spacelab 8/32. This transfer
consiete of the name of each engineering console format
in the support facility thkat is changed during the
prelaunch and launch period (launch minue ? seconds to

MECO)> [MAULB41.
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3.2 HOSC System Components

The Huntsville Operatiuns Support Center as a
distributed computer facility wuses various computer
resources interconnected together. The basic components
involved at HOSC are the computers, communications
processcres that receive data from wideband
communications links (zatellite and terrestrial) and
the hardware recuired to interconnect these wvarious
resources, The interconnecting hardware, Ne twork
Systems Corporation’s HYPERchannel network, has been
previously described, and interconnects a wvariety of
computer resources of different manufacture, i o®.y
Digital Equipment Corporation (DEC), Perkin—-Elmer (PEk),
and UNIVAC., The bulk of the proceszsing power for the
network i3 performed by the DEC UVAX and PE 3240
computers. A cursory look willi be given to thesze two
computers, These computers are examined for the sake of
information onily, since in the subsequent analysis all
network users will be represented as fixed rate data
generatores,

The Digital Equipment Corporation’s VAX series of
computers supports a 32-bit word architecture that
ecstabliches a wvirtual addrees <space of 4.2 billion
bytes of user—-addressable memory. Throughput of data in
the syetem is optimized by wsing a 32-bit high speed

data structure that ties together the central
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processor, main memory, UNIBUS subsystem, MASSBUS
subsystem and the DR780 high speed direct memory =xccecs
subsystem. This high speed data structure is known as
the Synchronouse Backplane Interface (SEI) and & dewvice
linked to it is Known as a NEXUS. Each NEXUS receives
every SEI transfer; electronic logic in the HMHEXUS
determines whether 1t is the designated receiver for
the ongoing transfer. Data transfers can occur from CPU
tc memory, from [I/0 controller to memory subsystem, or
from CPU to I/0 controller, with maximum aggregzate
trancsfer rates of 13.3 megabytes per second. These
transfer rates are limited by the following factor=:
o 260 nanoseconds/cycle = S million cycles
per second
o each cycle can carry an entire byte of
data or address representing a memory
request
o one cycle is used to request eight bytes
of data to be read or written, and two
cycles are used to carry data at four

bytes per cycle

o S million cycles/second # 4 bytes/cycle =
20 million bytes/second

o 20 % 2/3 (1 of every 3 cycles is an
address) = 13.3 million bytes per second
[CEC801]
As is shown in Figure 3.2 , a VAX computer may

interface with more than one memory subsystem. In the

case o+t a two-controller, interleaved memory
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configuration, the computer would also have two NEXUS
memory controllers on the SBI.

The UNIBUS Subeyetem (UBUS) is a high <speed,
asynchronous data system that allows communication
between peripheral hardware and the VAX computer. The
VAX 11/780 is capable of supporting four UBUSes: one is
standard, but three more are optional (Figure 3.3). The
UBUS is connected to the SBI through a UBUS Adapter
(UBA) which performe severzl important <serwvices that

are transparent to the user. The UBA provides:

o access to UBUS address space from the SBI

o mapping of the UBUS addresses to SBI
addresses for the direct memory access
(DMA) transfers to the system memory

o data transfer paths for UNIBUS device
access to random SBI memory addresses
and high speed transfer for devices that
transfer to consecutive, increasing
addresses

o UNIBUS interrupt fielding

o UNIBUS priority arbitration

The addreszz-mapping function is especially
important because the UBUS has only eighteen data lines
providing an apparent memory-addressing capability of
only 200 Kilo-byrtes. Through ite address mapping
abilities, the UBA provides the capability of mapping

the UNIBUS adoresses into the SBI addrescses =0 that the
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full system memory of 1& array beoards of 256 Kilobytes
each (4 gigabytes toctal) can be accessed.

The UBA accepte two forme of input from the LUBUS:
hardware-generated interrupts and direct memory access
requests. Each device connected to the UBUS may use one
of five priority levels for requesting bus service. A
non-processor request (NPR)>, which is the highest
priority request, may be used when the device requests
an operation that does not require procecssor
intervention, such as a direct memory access transfer
to memory or to some other device. A bus request (BR)
is thus generated when the device wishes to interrupt
the UBA +for service,. Such service might be a
CPU-directed data transfer or a fl2g indicating the
exicstence of an error condition at the peripheral.
Since there are only five priority levels and more than
one dewvice may be connected to a <epecitic request
level, if more than one device makes the same reques:,
the dewice that is electrically closest to the UBA
receives the highest priority.

The NPR request for direct memory access is a very
important feature of the UBUS subsystem. These DMA
trancsfers can be divided into two groups: random access
of noncontiguous addresses and sequential access of
sequentially increasing addrecses. For random access,

each UBUS transfer is made through the Direct Data Path
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(DCP, one per UBUS) ancd is mapped into an SBI transfer.
This procedure allows only one word of data to be
transferred during a single SBI cycle. For devices
capable of requesting cequential access <erwvices, use
is made of the Buffered Data Path (BOP)>. Each UNIBUS
provides fifteen such BDPs which steore the data o that
four UBUS transfers are performed for each SBI
transter.,

The DDP must be used by devices not trancsferring
to consecutively increasing addresses or by devices
that mix read and write functions. The maximum
throughput wvia the DDP 1s about 425 Kilowords per
second for write operations and about 314 Kilowords per
second for each read operation. These rates will
decreacse as other SBI activity increacses [DECEO0].

Max imum published throughput via tﬁe BDP 1s about
&9% Kilowords per seconds for both the read and write
operations, but realistic throughput rates of only 1.5
megabits per <cecond are actually expected with this
fiqure deg?ading as other SBI activity increases. BDP
trancsfers are restricted to block transfers with blocks
of length greater than one byte. All transfers within
the block must be to concecutive and increasing
addresses and all transfers must be of the same

function, either read or write,
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The MASSBUS subsystem and the DR780 high
performance, 32-bit parallel interface will not be
described in this <summary, since an understanding of
their functional characteristics is not needed to
determine their relative impactes on the HYPERchannel
network. The influence of both may be felt indirectly,
however, <ince activity on the MASSBUS or DR780 will
translate to SBI activity which will affect DDP and BDP
transfer rates as previously described.

The VAX CPU will also not be described in detail
but several comments may be made about the CPU and its
effects on system throughput. The CPU represents the
most intensive traffic load on the memory subsystem and
hence on the SBI. Obviousliy, 1t the processor is
engaged in intensive computing, it will request data
much more often than it will write data, and this
memory access represents substantixl SBI actiwity.
Fortunately, the large cache memory of eight Kilobytes
available to the CPU is able to reduce the SBI traffic
load considerably. In addition to the effects of the
CPU on SBI activity, the SBEBI traffic from other cources
may also affect the CPU efficiency. Published +igures,
[DECS0], indicate that in a system with two memory
controllers the processor will be slowed by about four
percent per averaged meqgabyte per second of /0

traffic, while the impact of a single memory controller
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is to slow the processor by a factor varying from two
to four. Table 3.2 summarizes the [/0 characteristics
of the DEC WVAX 11/780 processing system.

The Perkin Elmer 3240 seriecs cof computers is also
a high throughput machine with a 32-bit architecture.
The HOSC currently uses two PE 2244 machines with
primary responsibilities as front end processors
receiving real-time data streames from the KSC firing
room.

The 3244 memory subsystem is organized into banks,
each capable of handling four megabytes of addressable
memory. Total system memory ranges from 256 Kilobytes
in one bank to a full system complement of four
4-meqgabyte banks, for a maximum of 16 megabytes of
addressable memory. All memory is connec*ed to a common
memory bus which concsistse of two unidirectional,
asynchronous, 32-bit busses. One bus is dedicated to
memory write functions and the other is dedicated to
memory read functions (Fiqure 3.4).

Input/0Output is accomplished using five external
communication busses: one multiplexer bus for medium
speed devices and a maximum of four high-speed Direct
Memory Access (DMA) busses that each support eight high
speed bidirectional ports. Each DMA port ic controlled
by a selector channel tied to the multiplexer bus that

controle and terminates trancsfers through the CPU. Once
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TABLE 3.2 Summary of DEC VAX 11/780 1/0
Characteristics

Processor:

Main Memory:
Virtuzal addrecss space:

Cycle Times:

I/0 UNIBUS Adapter

Max imum aggregate rate:

Buffered Data Paths (BPD):

Direct Data Path (DDP):

32-bit word architecture

4.2 billion bytes.

800 nanoseconds per 44
bit read.
1400 nanoseconds per &4
Bit write.

1.5 Mbyte/sec through
BPD

15 total, 8 byte buffer
in each. 695 kilowords
per second read and
write, Used for fast
data transfers.

425 Kilowords/sec for
write and 2146 Kilowords
per second for read.
Used for transtfers to
nonconsecutive memory
locations.
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the channel is activated, the processor is released and
is free to continue processing on an unrelated task.
Published 1/0 transfer rates for the PE 3244 [MA bus
indicate that transfer rates of up to 10 megabytes per
second in the burst mode are possible for each DMA buse
[PEC81]. The I/0 characteristics of the PE 3240 series

15 summarized in Table 3.3 [MAULS84).
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TABLE 3.3 Summary of Perkin Elmer 3240 1/0
Characteristics

Processor: 32 bit/word.

Main Memory:
Virtual Address Space: 16 Megabytes.

Cycle Time: 500 nanoseconds.

DMA Bus Data Transfer Rate

Burst Mode: 10 Megabytes per
second with a maximum
of 4 DMA busses per
system.
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Chapter 4
Software Design Description

Thie chapter describes the development of the
software used to model the HYPERchannel network. The
intent of the simulation is to accurately model the
characteristice of a HYPERchannel network. While, every
possible function of the network ie not characterized,
the protocols which have the most impact on the network
were included to the extent possible. The goal of the
simulation is to provide a software tool to analyze the
charactericstics of precent and future configurations of
the network at HOSC.

4.1 Software Functions
The simulation model as developed should perform
some primary functions, among these are:
1) provide a relativeiy easy method of
simulating the existing system and
provide a means for modifying the
simulation environment so that different
configurations may be modeled.
2) provide an output which may be meaning-
fully converted to performance measures

described in this Chapter and Chapter S.

3) provide a user friendly interface at all
levels of user interaction.

The software should be designed to be as portable as
possible so that transferral from the development
compu*ter to other computer environments <chould be

accomplished as easily as possible. Al=o, any future

S8



enhancements of the algorithm as designed, should have
the capability of being accomplished as easily as
possible.

Finally, the development of this simulation as
related to the IS0-0SI model for distributed computer
processing (Appendix II)>, may be thought of, as having
been developed between levels 5 and &, the Session and
Precsentation levels.

4.2 Design Constraints

The primary design constraint placed on this

simulation effort was that the simulation be as

transportable as possible be tween computer

M

unspecitied size and capabilities. Therefore, tha
language PASCAL was chosen due to ites widespread
availability and richness of data structures,.
4.3 Design Specifications

Thies section deals with the imposed constraints
and assumptions which the model uses to accomplish its
simulation activity. Thece assumptions were made to
keep the model both realistic and manageable.
4.3.1 Simulation Assumptions

In order to maintain viability and model validity
certain assumptions were made. These assumptions are as

follows:

- —



1) Every time an adapter requests the
trunk, the frame sequence sent is a
message-wi th-data sequence. Therefore,
message-only sequences are excluded.

2) Maximum number of trunks is two.

3) Model will reduce to a single trunk
model .

4) Any single adapter may be attached to
both trunks (dual trunk model)
(1,2,..,N)

S) Trunk lengths are less than, or equa. to
1000 feet, Belden 9248 cable data is
used (propagaticon time).

6) Worst case fixed delay, priority deiay,
and end deiay will be used, as given by
[FRANB41].

7) In order for the mcde! to resemble
reality as closely as possible, measured
transmission frame times will be used
([WATSB821,(FRANB21) .

8) Intra-adapter communication is not
al lowed.

?) The wait flip-flop option is not
implemented.

4.3.2 Parameter Definition

As previously stated woret case waluezs of fixed
aelay, priority delay, and end delay are used in the
simulation. The expression used to evaluate the fixed

delay on a given trunk is given by:
Fixed delay = 4 nsec # (trunk length) + 2.08 uzec 1)
where trunk length s given in feet. Thie walue

approximates, but 1€ greater than, twice the end-to-end

&0



propagation time for the trunk, plus the time required
by the adapter to formulate and to beqin transmitting a
response. This value is the same for each adapter on a
given trunk.

The highest priority adapter is ascsigned a
priority delay of 0.48 usec. The priority delay for the
remaining adapters on a qgiven trunk is given by:
Priority delay (K> = Priority delay (K-12

+ 4 ngsec ¥ d + 1.6 usec, (2)

K= 2,3y¢0¢.L

where K is the index of the adapter with priority K and
d is the distance in feet between the adapter with
priority K and the adapter with priority (K-1), L
refers to the lowest priority adapter. The constant 1.4
usecs is added to alleviate problemse with line
reflections.

The end delay of the adapter with priority K 12

given by:

End delay (K) = Priority delay <L)
+ @ ngec *# d + 1.6 usec, ('3

Ko 1,8,0aesl

where L is the lowest priority adapter, and d iz the
distance, in feet, from the adapter with priority K to

the adapter farthest from it [FRANS4].
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These are the major parameters which need to be
calculated for a given configuration of the
HYPERchannel network. They are calculated for a given
configuration when the simulation program is executed.
4.4 Algorithm Description

In this section an cverall view of the activity of
the simuiation is detailed. Detailed descriptions of
the individual modules used by the program are found in
Appendix III.

4.4.1 Overall Simulation Activity

The simulation as developed ic a discrete event
simulation. The event that drives the model iz an
adapter’s next scneduled transmit time. @An adapter
trying to transmit wili attempt to obtain a trunk in
three qgiven time frames. An adapter may try to tranemit
while the trunk is busy, during the priority delay or
scheduling period, or finally, in the contenticn
period. If an adapter attempts to tranemit while the
trunk i3 busy its next transmit time is adjusted to its
scheduling period time f(priority delay). I+ an adapter
attempts *o transmit during the scheduling period one
of two possibilities exist: 1) it atiempts to tranesmit
after fixed delay but before its prio-ity delay event
and 22 it attemptes to transmit after its priority delay
event but before the 2nd delay event. In the first

case, the adapter s allowed *o tranemit at its

&2
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priority delay event and in the <cecond case, the
adapter ie forced to wait until its end delay event is
signalled. This is in accordance with NSC’s trunk
access protocol. An adapter attempting to transmit
during the contention period is allowed to do <o
provided that the trunk is sensed idle. Once the
adapter has Qained acces: to a trunk through the trunk
access protocol as modeled, it will proceed to send its
message sequence.

In Figure 4.1, a complete message-with-data
sequence is shown. Appropriate timing and program f1ags
(M1 through Mé) are indicated. the algorithm shown in
Figure 4.2, in flow diagram form, illustrates the
overall activities of the <simulation program. Using
these two fiqQures a basic description of the program
flow may be performed. The first three blocks in Figure
4.2 perform initialization of proaqram variables,
definition of the networl confiquration, and prints a
description of the network to the auxiliary file Auxout
maintained by the program. Once trunk access hasz been
granted (previously described) an adapter will attempt
to send transmission +frames and data frames. Program
flags are used to indicate where in the
message-wi th-data sequence the precent transmitting
adapter i; located. The wvarious update blocks (Casel

through Case?) update timing, bit counte, and flags.
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Figure 4.2 Flow Diagram of Simulation
Activity.

65



gl A SRLURNEL ) NI NN

& i ol
SN g A

Yeo initiallize

Trunk 1 { Trunk |
U Varlables

Initiellze
Variables

Teunk 2 G —

Update
Case |
Set Flag HI

Update
Case 2

Set 'lot M2

Update
Fla Case )
Set Flag M)
Clear H

Update

Case §

Set Flag M&
Clear M

&)

Figure 4.2 Continued.

66




F‘-n}(‘k'&n:\ ‘\‘\, :

ORG-S~ |
OF POUR &-7

Yes Update
Fin 3
Case § e e 2
'] Set Flag M3 '
Clear M
No
Yes Update
L;' Cos» § —
Set Flag M6
Clear H
Neo
Fin
Hé
Update
Cose !
Clear M6
]

Adjnst Megt

Transmit Time
Current
apsmitter J

frint Netvork Felint Trd
Statlstice [~%] Activity "{ "S; " ’
Summacy 2

Figure 4.2 Continued.

67

=)



Cacse2 incorporates the adapter reservation scheme
(Figure 2.9>. If a receiving adapter can be reserved
for the transmitting adapter the message <sequence
transmission will continue, otherwise, the adapter will
return to case2 each pases through the loop, until it
reserves its receiver or aborts its transmission. The
messaqge proper frame is updated in cased., A message
length of 44 bytes is assumed for convenience. CaseS

updates the transmission <segment in which a data block
is sent. In caseé, determination of whether or not
another data csequence needs to be csent (based on the
attached device’s buffer size) is made. I+ another data
block is required, then the period of time t' - t" will
be repeated, this will continue as required. In case?,
updates to meszage delay (the time difference between
initial transmission time and the +inal transmission
time), trunk sequence transmission tally, =and adapter
next transmission time are performed. The tranzmitting
and receiving adapter’=s are released for other
transmissions in case? also. The simulation will
continue until the user defined maximum time or the
maximum number of me=z=sage <sequences s exceeded. The
simulation will then print output <statistics to an

interactive terminal and an cutput file.
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4.4.2 Model Set-Up

Figure 4.2 illustrates the basic set-up of the
network configuration which the simulation program
operates on. All configurations to be modeled should be
set up according to this diagram. In the case of a
single trunk configuration, adapters | through N are
used.

The <simulation (Siml) wusese this model
configuration to properly identify and characterize the
network adapter s, their attached devices, and data
sources.

4.5 System Files
There are three +files associated with the
simulation: program, Dfile, and Auxout files. The
program file (Siml) may be maintained as either source
or object code since normal operation of thevprogram
requires no changes to the program file. The fiies
Dfile and Auxout are maintained as standard ASCII text
files. Dfile containe a description of the network, and
is used by the program file for parameter values.
Auxout contains a text decscription of the network and
is ucsed to store output statistics from a particular
program execution.
At the beqginning of a program execution, an
interactive query allows the user to use the network

confiquration defined in the Dfile or define a new

69



"uoTlEINWIS 103 dn-3135 Tepol g4 21n81y

W 1-n eieisiseese
asadepy asiydepy

T+ N
aaadepy

FETTLERY

"$37QEPTIEA UOTIPTNWIS 338 jy PUE N

sis3depyjouny « K

(pewwo))
$jun1y yioq o3 asidepe vowwo) « N 53310y

aaadepy

§3dInog £ z 1 /
eieq

(S3isop)

§ad1A3(Q —_

1-N tevcecses
aaidepy

1
aaidepy

T YUnYT

70




r‘.\ R e

. I~

configuration, which is then placed in this file. The
auxiliary file Auxout, is a print formatted file and
may be directed to a printer for a hard copy of a
program execution’s statistics. Additionally, Auxout is
totally maintained by the program file and thus is
transparent to the user until a print out of a

simulation run is desired.

4.6 Reported Statistics

The network statiztics, as compiled by the model, °

are such that they allow the computation of measures
which indicate network performance. These measures are
defined as follows:
o D: The delay that occurs from the time
an adapter becomes ready to transmit
a message sequence uatil it actually
completes its transmission.
o S: The throughput of the local network;
reported as the total rate of data

transmi tted over the network.

o0 U: The utilization of the network; this
’ is given as normalized throughput.

o G: Offered load; the total rate of data
presented to the network.
where possible the statistices neceszary to calculate
these measures will bte reported +t+or the entire network,

the individual trunks, and the individual adapters.
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4.7 Validation Criteria

While every attempt has heen made to make this
simulation as close to the real zystem as possible,
software implementation of an electrcnic system has ite
limitations. This simulation effort has been aimed
primarily at modeling the various protocols implemented
by a HYPERchannel network. It haz been shown that these
protocols are the factors having the most impact on
system pertformance [FRANS41, [WATS801, (DONNZ?], and so
on. Therefore, the <simulation was designed to model
thece parameters as closely as possible., The wvalidity
of thiz model rests on a clear understanding of the
cperation of HYPERchannel networks and the reiationszhip
of this operation on zystem performance.

Finally, it was not feasible or practical to
ectablish a wvalidation test bed at HOSC. This due
largely to the requirements placed on the +acility and
itz stated mission. Thus, the model validation was done
empirically, based on knowledge of the HrPERchannel

syztem and the components attached at HOSC,
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Chapter S
Model Analysis and Conclusions

In this chapter zome of the theoretical conzider-
ations involving HYPERchannel ne twork performance
measuree will be deweloped. The results of exercising
the model in various configurations (based on the HOSC
system and components) will be presented. Finally, the
conclusion section, will attempt to describe the
results and their relxtion to operating conditione at
HOSC.

5.1 Theoretical Performance Bounds

In Chapter 4, seuveral statistics were discussed as
being impor tant ‘ndicators of network performance.
These were i1dentified as S, U, and D. S defined as
throughput, is the rate of data flow on the network. U
or utilization, 1s normalized throughput, this being
the frac*tion of network capacity being utilized, and
tfinally, D or delay, 1s the delay between the time an
adapter reques¢te the trunk and the time at which 1t
completes a transmizsion. In order for the exper i mental
values to have meaning, some theoretical determination
ot these statistice is needed s0 that comparisons may
be made. In order to determine theoretically these
valuesz, the network +actors which most affect HSLN

performance muet be kKnown. The factore which affect




this pertormance, independent of the attached equipment

are

Bandwidth

Propagation delay

Number of bits per frame
Local network protocol
Offered load

Number of stations [STALLB84]

000O0O0O

The +iret three of thesze +actor determine 2

W

parameter a, from which the network utilization U, and
throughput S mav be determined.
area network 1z distinguished +from

long haul networks and mul tiprocesszor syrstems by fthe

bandwidth B and distances (d) involued. The product

o+ these two terms 'B <+ 3 can be wused to character:ze

the network, The transmission l2nQfth o+ the medium may

be determined Dby dividing this aquantity Dby the

propaga*tion velocity '/ of the medium. Thi

quanti ty

mar be calculated az +ollowe:

Tranzmission Length = B + 4

MNe twaork vetem = Corporaxtion suggests 3 wvalue oOf

40 rercent o+ the speed oOf

propagation welocity when attempting fto  establizh

networv performance., U

"

ing the walue of S0 Megabits per

econd +or B,

assuming d to be 1000 feet, and uzing a

N/
A\l
!
|
!
J
4
'
£
|
|
|
|
:
1
\
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value of 1.2 x 108 meters/cec for propagation velocity,
the thecrstical transmicssion length of a 1000 foot
HYPERchannel network is 127 bits.

The ratio of transmission bit length, to the
lenath of a typical frame (L) is the dimensionliess

quantity a. Thus,

= transmission length of trunk
typical frame length (bit=z>

|
|

or

= Bd
VL

|
|

Since ds' is the wors=t case propagation time on
the medium it may be replaced with the H/PERchannel
Fixed Delay. Recxlling from Chapter 4 that Fixed Delay

may be calculated as

Fixed Delay 4 nsec * (trunk length) + 2,08 usec,

the parameter a may be calculated as

a =B # (Fixed Delay>
L
Thue for a HYPERchannel trunk of length 1000 feet,
a is determined to be 0.010%9. Typical waluez of a for a
HSLN range from 0.0!1 to owve~ 1. An intuitive dicscussion
of the meaning of the parameter a is found in William

Stallina’s Local Networks. This parameter 12 used to
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provide an wupper bound on the wutilization of the
network, Stallings alsc points out that this hypothesis
appears to be <supported by experimental ewvidence; &
part of this dizcussion follows:
«v..Consider a pertectly efficient access
mechanism that allows on!y one transmission

at a time. As <soon az= one transmission is
over, another node begins transmitting.

Furthermore, the tranzsmission IS pure
data--no owerhead bits.... what is the
maximum possible utiiization of the network?

It can be expressed as the ratio of total
throughput of the system %o the rczapacity or
bandwidth:

U = throughput

B
= L/(Prcpagation + transmicssion time)
B
= L/¢D/V + L/B)
B
g P S
1 + a
So, wutilization waries inversely with a

[STALLBA4].

Table S.1 shows an example uzing a to predict the
theoretical boundz on a neftwork zimilar to the zyztem
at HOSC. Unfortunately, thics method does not account
for the accesz protocol o+ the network. Furthermore, it
assumes that the maximum propagation time 1= incurred
on each transmission and that only one transmission may

occur &t a time. Despite thece <ch.ortcomings, upper
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I SIS NSNS,

Table S.!1 Theors=tical Bounds on a HYFERchannel
Trunk of Length 1000 Feat.

Fixed Delay 6.08 usec

Bit Length = 127.032S bits
a = 0.010%
U= 1 = 0.98%92
1 + a
S =11l B = 49.4¢6 Mbitzzec

For an arbitrary period of time, t, the total bits

transferred are:

Total Bitse = 5 = t

for ¢t

40 seconds

Total Bits

1978 Megabits

-

~J



bounds on throughput and utilization may be calculated
using these techniques.

Another derivation of utilization which takes into
consideration the effects of the protocol on the
network performance, based on the work of Robert
Metcal fe and David Boggs [(METC74] is considered. Their
work is based on the Ethernet system which iz a local
area network operating wunder a CSMA/CD medium access
protocol with characteristices zimilar to HYPERchannel.

Assume that there are N active nodes on  the
e twords, 2ach having identical data generating
~haracrteristics. Furthermore, atter a station has
tranemitted its packet, another station becomes ready
to transmit 1ts packet, =so that N aiso represents the
total offered load on tne network. Staliings in his

amplification of ([METC74]1 note2s that time on the

ne twork may be divided into two components:
transmizssion interwval ‘time required to transmit a
complete packet ower the medium) and a contention

interval (sequence of <lots with a collision or no
tranemission), Throughput then, becomes the ratio of
time transmitting to the total time.

Recall that a2 may be written as

a = propagatinon ftime
transmission time



where the propacgation time i3 the worst case walue of
time to transmi t a frame over the medium, and
transmission time s the time required to qget a
complete frame onto the medium. If tranzmission time i3
normalized to one, then a becomes propagation time. The
minimum length of the transmission slot must be chosen
to allow for the detection of a collision and i esqual
to twice2 the end-to-end propagation time <(1/2a).
Following Stalling’s approach for the dewelopment
of the equations describing throughput and utilization,
the average length of the contention interual (=
cetermined by first computing @, the probabiliity that
exactly onme <ctation attempts a tranemicszicon in a z=lot
and acquires access to thz medium, This 1 the binomial
praobability that any one station attempts to transmit

and the others do not,

T
]
o
1

[

Mpil = poN =1

which 12 the probability that the dec<ired onzcurrence
tacquisition of the trunk’) will occur in N independent
triais. Since maximum throughput and utilization are
the quantities of interest, maximizing A will require
that p = i/N so that,

7
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A= ’-.1 .. /N}N = 1

The estimated mean length of contention interval,

w, in slots is,

Efw] = :z i * Prli slots in row with a callision
= or no transmission followed by a
zlot with no transmizsionl
o
=2 il -aAig
=1

which converges to,
Elw] = 1 - A [STALLB4] .
A
The maximum walue of wutilization may now be
de termined, which s the Jlength of a transmission
interval as a proportion o a cyci1® consisting of a

transmission and a contention Interval

J = _ftranemicsszion time
total time

= transmission time
trarzmission time + contention time

= 1/2a
1-2a + (1 = AY/A
= 1
1 + 23 1| - A .
A
2



For the 1000 foot HYPERchannel network previously
described, assuming N = 4, U = 0.971 and S is 48.S5
Megabits per second which corresponds nicely with the
results obtained using only a (Table S.17.

The calculation of the parameter D or message
delay is not o obvious. It appears empirically, that D
increases without bound as the network approaches
saturation. As the number of nodes increases, 3o do the
number of acce2ss requectz, the number of collisicons,
the number of retransmissions and aizo the time delay a
node experiences before access s obtained, so D, does
appear to increase without bound.
5.2 Presentation of Simulation Results
The previous <ection precented analytical

techniques usetul +or predicting the peak, or upper

Timits of a HYPERchannel network’z performance. Llhiie
thiz i3 uszeful for predicting top end performance, it
does not provide any usetul information about a

particular configuration of the network,
The purpose of thi= simulation effort is to

provide the engineers and scientiste at HOSC with a

software tool which will provide information on network
ferformance in a wvariety of contiqurationes, Thie
section presents results <from this model tor the

network descriptions shown n Fiqure2e S.!1 and S5.4.

Cetailed descriptions of these configurations, along

g
—



with simulation results are Qiven in zection S.2.1 and
the results for a duxl trunk contiguration are given in
section 5.2.2.
S5.2.1 Single Trunk HOSC Results

The single trunk confiquration, as shown in Figure
S.1, and defined in terms of the model in @Appendix IV,
was considered. Table 5.3 containz a listing of the
relative probabilitiee that =2 qQiven tranzmitter wil)
attempt to transmit to a given receiver., This iz used
by the simulation to ecstablizh the wirtual connection
betws=n devices for communication. In order to gauge
the performance of this configuration over a wide range
of input 1oading, the topology of the network as
defined was Kept conztant. The offered load to the
network was waried by increasing the data source
generation rates to the devices zhown.

Table 5.2 i1llustrates ‘he method for computing
system performance measures from simulation statizticsz,
Tables 5.4 and 5.5, contain data points calculated from
simulation runs, with each data point reprezenting a

simulation run. Th2se data points were plotted as z=hcwn

L0}

in Figures S.2 and S,
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Table 5.2 Calculation of Parameters using
Simulation Statistics.

S (throughput) Total Bits Transmitted

Simulation Time

-

U futilization) = =)
Bandwidth
= S (bits?
S0 Mbits per second
D (delay> = Avg. Message Delay CDewice |

+ AvQ. Message Delay Device 2
+ ... Avg, Mecsage Delay Device
n

The above expression for delay is used in the case
where transmitting devices have finite Average Mescsage
Delays. For the <case where 3 transmitting Device
attempts to transmit mescsages but hasz an Auerage
Message Delay equal to zero (Average Mezsage Delay = 0,
and Abort count > 0) 1t iz ascsumed, that Meccsxge Celay,
or Delay, for the Metwork exceeded simulation time.

Offered Load 13 compiled by the ecimulation and
output as one of 1tz statistics.

o0
(O]
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Table 5.3 Relative Probabilities for Transmitter/
Receiver Pairs for Figure 5.1.

Tranemi tter/Receiver Probability
1§11-311 0.7
111 =321 0.3
211-4321 1.0
221-421 1.0
311=211 0.01
311-221 0.01
321-211 0.01
321~221 05 01
3321-421 1.0

24
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g Table 5.4 Data Pointzs for Figure S.2

| S u £} Average [
f' Mbytes/sec Mbytes zecs
0003092 0001295 .0224%98 0009932
.0024480 0003949 .0470083 .N021883
.0040020 002403 0705255 L0N19300
.0067190 .J0107S1 1121140 .0017833
0142279 0022744 . 2242440 0016184
N290956 .00445532 4484710 00135333
.11431 299 N0&70082 47332410 0014950
.0584719 .00?2387S5 . 8984520 .0014283
072320735 0114921 1.1224500 «0019116
.1421109 .0227377 2.2420000 .0018583
: 2118972 13239034 4.,48340000 0042444
. 3202813 .NS12450 4.72%270010 3875746
9137168 .N22194¢4 2.9492300 0044750
‘ . 5548880 0887821 11.2103000 042914
2360150 . 14974624 22.4z200000 ;40
1.5409365 . 2465578 44.,38401000 > 40
2.32634718 . 3781350 47 .24603000 740
2,325027% .3720044 8%9.4800000 44622500
3.4732500 v oW 200 224.2000000 40
3.464443500 .9831120 443.4000000 > 40
; 4,5387500 7241400 &72.46000000 >40
j 4.4013&4250 . 7373800 294.2000000 240
F 4.43531500 . 7445040 1121.0000000 »40
: 4,73245000 .7975000 2242.0000000 > 40
g 4,32514500 L&5424640 4240.0000000 > 40
? 4.8014750 . 76824680 &726.0000000 >40
4.3004000 . 74680640 3942.0000000 740
4.79738500 7875540 11210.0000000 40

26
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for Single Trunk Simulation.



Table 5.5 Data Points for Figure 5.3.

Control Bits Data Bits G Bits
Mbits Mbi ts Mbits
.1005832 1779536 1879984
.3076200 . 520454 3760644

. 4885992 .854140 . 54642040
6720912 1.163416 . 7210400

. 77358192 1.374581 .8942120
1.46294940 2.914616 1.7941120
3.3552940 5.960952 3.5893480
S5.0973%20 8.719340 5.3867280
6.8325440 11.977040 7.1878140
3.4244400 14,.989740 3.9794000
16.4281200 25.992240 17.9360000
27.1168800 40,4901 60 35.8720000
43,46347200 S58.°911740 53.8374000
$2.5479200 101.844000 71.75328400
74.7621600 102.807200 39.5824000

134.9088000
204.05746000
347.8408000
353.%294000
539.0748000
485.7088000
582.9048000
Se4.0320000
S$£4.3720000
543.6464000
624.7024000
527.8368000
SZ2€.1136000
S528.7143000

144,6146000
289.070400
408.428000
390.079200
572.364800
480.,517400
B6%.276000
?10.728000
924.616000
?71.3%92000
747 .824800
1008.694000
1008.2080G0
10046.400000

179.3400000
358.7208000
538.0824000
717.44050000
1792.46000000
3587 .2000000
5380.8000000
7174.4000000
2543.0000000
17936.0000000
24720.0000000
53203.0000000
71744.,0000000
894680 .0000000
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The system configuration and data flow rates
indicated in figure S.1 are a typical loading of the
main trunk of the HOSC system. The total offered
load (G) for the system as depicted in figure S.1 is
computed as follows (G the offered lcad is the total

number of data bits offered to the channel):

DEVICE DATA ARRIVAL RATE

1i1 15 Kbytes/sec = 120 Kkbps
211 4 Kbytes/sec = 32 Kbps
221 4.4 Kbrtes/sec = 51.2 Kkbps
311 1 Kbytes/sec = 8 Kbps
321 1 Kbytes/sec = 8 Kkbps
331 .625 Kbytes/cec = S kbps
411 0

421 ‘ 0

431 0

TOTAL OFFERED LORD 224.2 kbps.

In a 40 second period a total o; 8.976 Mbits or
46.953 (Log bits) would be offered for transmission
acrcss the HYPERchannel™ network. Referring to
tfigure S.2 the utilization of the HYPERchannel trunk
for this offered load is approximately 2x. The
throughput rate is thus (.02) % (S0 Mbits per

second) = | Mbps. Obviously the system i3 nowhere
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near its upper limit in data throughput rate, trunk
utilization and hence not in offered load.

The approximate number of total bits
transmi tted to send a 2 kbyte block of data may be
estimated from figure 2.8 using Table 2.2 as a
reference. From fiqure 2.8 it is apparent that 7
transmission frame format fields, 9 response frame
fields, and 2 response frames with data format
fields are transmi tted to accomplicsh the
transmission of 2 Kkbytes of data. This amounts to
an absolute minimum transmission of 194800 bits total
for 14000 bits of data or absolute minimum overhead
of 22.5%. For longer data blocks the overhead is a
smaller percentage and may be calculated by the
relationship (assuming no collisions):

ABSOLUTE MINIMUM TOTAL BITS SENT
PER 2 KBYTES OF DATA = 19400 + (N-1)18400
where N = the number of 2 kbytes of
data.
The reduction in transmission overhead for
multinie transmission of data segements
of 2 Kbytes of data ics not significant Iin number of

bits transmitted but the timing and number of times

the channel is free for contention 13 reduced by a
significant amount. It will be observed from the
92



simulation rune that an average overhead of 5S04 for
low offered load and 1004 for high offered load is
the case. This overhead increase is due to the
non-intege: multiples of 2 Kbrytes of data to be sent
and to collisions.

Figure 5.3 depicts the average delay and number
of collisions versus offered load. The average

delay is an aggregate delay number and a large delay

is indicative that at least one device is
experiencing a large delay. Thus it may indicate
that only one device is unable 'o ‘'ransmit but all
the remaininag devices may be transmitting
satisfactorily. However it is an indicator that
things are beqining to sour on the overall network
performance.

Likewise the number of collisions is an

aggregate sum and indicates the relative number of
retry transmicssion ~ attempts the svetem (=
experiencing. Since the HYPERchannel is not a pure

contention system (such as ETHERNET) the increaze of

collisions does not necessarily indicate

accompanying data loss or absolute inability of an

adapter to communicate. Again it is an indicator

that things are not so well on the overall netweork,.
93
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From the results of figure 5.3 it is apparent
that as the offered load increases past about /.5
(31.62 Mbits for 40 seconds or 720 Kbits per second)
the system s beginning to experience traffic
congestion. The system’s trunk utilization, figure
5.2, is seen to start a rise at this peoint (7.5) of
nffeled load and it may be observed that at an
offered load of about 9.5 (31462 Mbits for 40 seconds
or 79 Mbits per second) the trunkK wutilization is
entering saturation. At this point it is safe to

say that some devices are just not able to transmit

all their data. Somewhere in between these two
offered loads is a point that would do well to be
identified as the maximum wuseful offered load
condi tion. Using the rule of thumt for normal

maximum operating offered load for pure contention
systems (ETHERNET s an example of a pure
contention system) the maximum operating offered
load would be set to approximately 1/2e or 183,354 of
the channel bandwidth. For <clotted contention
systems this rule of thumb figure is approximately
1/ or 36.7%. The HYPERchannel i & hybrid
priority/contention system with prioritized time
slotting and it is reasonable to expect to load the

system to the 346.74 trunk utilization. Inspecting
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the graph of trunk utilization versus offered load,
figure 5.2, (t |s observed that the offered load for
a utilization figure of 36.74 is approximately 8.5
(log bits) or a 7.9 Mbps aggregrate rate (3146 Mbits
in a 40 second).

Inspection of the graphs for the transmitted
control bits and the transmitted data bits wversus
offered load, figure 5.3, also illustrate that at
8.5 offered load the control bits and data bit
curves start to enter saturation. Thus it is
reasonable to state that the maximum operating
offered load (in pure aggregrate rate data bits)
should be 8.5. This is an aggregrate rate of
offered data of 7.9 Mbps or 15.84 of the channel
bandwidth of S0 Mbits. Remember that an 2absolute
minimum of 22.5/4 overhead is needed at low collision
rates and thus 7.9 Mbps of offered data plus 22.54
overhead is approximately 9.4775 Mbps or 19.354 of
the channel Dbandwidth. (This assumes all data
blocks are integral 2 Kbytes in size),

A further comment of the figure 5.3c and 5.3 d
ie in order, The offered data to the channel, G,
(see Table S5.5) is only the actual data to be
transmitted. The actual number of data and control

bits required <(as evidenced from the simulation

95

e S ———

.



F‘fﬂ;‘tml.; LN

i

\

runs), which when added together equal the channel
throughput S, will not equal G but be greater than
G.

It should be observed that for low offered load
the actual transmitted bits on the channel amounts
to 2.54 times the offered load and at high offered
load this figure decreases to about 2 times the
offered load until saturation takes place. This
apparent increase in efficiency is misleading since
the prioritized time <clotting mode of operation
replaces the contention portion of the channel
algorithm and stagnation of the throughput <(U=B)
takes place.

Thus the 7.9 Mbps offered aggregate load
corresponds to about 14 Mbps to 18 Mbps actual
channel offered total load or 3&4 of the channel
bandwidth,

FROM THIS DISCUSSION AND THE SIMULATION
RESULTS COUPLED WITH THE ANALYTICAL RESULTS

IT 1S RECOMMENDED THAT THE TOTAL AGGREGATE

OFFERED DATA TO THE HYPERchannel SHOULD BE

HELD TO € Mbpe OR LESS. IN FACT DLUE TO THE

UNCERTAINTY OF ESTIMATING AGGREGATE DATA RATES

A MAXIMUM OF 4 Mbps WOULD SEEM PRUDENT.
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5.2.2 Dual Trunk HOSC Results

The dual trunk configuration as shown in
Figure 5.4 and detailed in Appendix V, was
considered. Once again, the relative probabilities
for transmitter/
receiver pairs in this configuration are contained
in Table S.6. In order to compare the effect of the
dual trunk configuration with the srevious results,
the configuration of trunk 2 in Figure 5.4 was
defined as the <single trunk <configuration
previously considered. The topology of this
configuration was held constant and the offered
1 oad varied, the resulting data points are
contained in Tables 5.7, 5.8, and S5.7. These data
points were plotted as shown in Figures 5.5, 5.4,
and S.7.

In a secenario that has been judged to be a
normal environment for the HOSC dual trunk system,
the transmissions from trunk 1 to trunk 2 have
aggregate data rate o; 10 Kbyrtes/sec. The dewvice
on trunk | always transmitts acrosse the trunks to
trunk 2. The cross traffic from trunk 2 to trunk 1
has a lower data rate and a lower probability of

request for transmission. Thus the majority of

97
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Table S.5 Relative Probabilities for Transmitter/
Receiver Paire for Figure 5.4.

Transmitter/Receiver Probability
111-921 1.0
211-411 0.7
211-421 0.3
311-531 1..0
321-521 1.9
321-111 0.3
411-311 0.01
411-321 n.o1
421-311 D.01
421-321 n.01
431-521 1.0
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Table .7 Data Pointe for Figure 5.5 (Trunk 1)

S U 5 Average D
Mbytes/sec Mbytes secs
00017973 .N00028758 01357358 0006650
00065895 .00010S433 .N447330 .0013928
00114560 000186500 0740532 .N013800
.N0141704 .000258726 1092719 0015842
.00239248 0002382797 1321120 0014942
.00711533 .001138454 .45440S50 0013442
01189340 L001%902%40 . 7410820 0013142
.01845555 .002464830 1.04658400 .00:3000
02376770 .003802820 1.5233900 .0013000
07053307 011283292 4.,5444800 0013228
11621029 .0138592600 7.460350000 .0064371
16074790 025722800 10.6496000 .0014928
. 22569484 038111111 15.2114000 0047786
. 60678250 .09708520n 45.4200000 . 0288557
.21407500 . 1446572000 74.0500000 LNP727300C
1.172077S0 . 187522400 106.4700000 40
1.50327750 . 2490524400 152.1000000 2129887
2.52247200 .4035%0000 45¢.3000000 »an
2.932489730 . 449231400 740.S000000 >40
3.15442500 .504700000 1044.7000000 740
2.324350000 . 524240000 1377.0000000 > 40
3.49356%00 .558970300 4543.0000000 > 40
3.,52475250 542940400 740S5.0000000 > 40
3.54453500 967125600 10647.0000000 ;40

100



Table 5.8 Data Points for FiqQure 5.5 (Trunk 2).

S U G Average D
Mbytes/sec Mby te sec
00017973 .000028758 0155758 0004650
00142230 .000227728 0467330 0013928
.00204550 .000327280 .0740532 .0013800
00321435 N00S14614 1070710 0015842
.00473%00 000766240 1521190 .0014942
01557770 .002492400 . 4564050 0013442
02641424 .001902%40 .7610820 0013142
03715009 005944014 1.0658400 0013000
.05333450 .008533800 1.5233%900 .0013000
. 16056904 .0254%10S0 4.56448c00 .0012228
16651150 026441800 7.4050000 00464371
32703950 .052326322 10.44%4000 .N014%28
. 34178971 .054486000 15.2114000 0067786
. 86553250 . 138485200 45.4200000 .02883557

2.4?451500 . 399122400 75.0500000 0977300
1.28427372 .22148232800 i04.4700000 >¢0
2.05943550 . 329541400 152.100000C20 +7 129557
3.2446087%S0 .S519274000 454.3000000 >40
1.88915240 .302260000 760.5000000 >40
1.92437440 207292000 10684.7000000 >40
1.93925400 .210289000 1377.0000000 >40
2.31412420 370249000 4543.0000000 240
2.38785975 . 382057500 7405.0000000 40
.3285S200000 10447.0000000 740

2.,407%8250
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Figure 5.5 Plot of Utilization versus Offered Load
for Dual Trunk Simulation.
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Table 5.9 Data Points for Figures 5.4 and 5.7.

Trunk 1 Trunk 2
Control Data Control Data c}
Mbi ts Mbi ts Mbi ts Mbits Mbi ts
. 227870 «028112 .327870 028112 . 12440
120219 095744 . 229786 . 2366820 . 37386
2076451 .1865376 .339074 . 315528 .4670842 -
. 2950832 . 235008 228275 .S5260%6 37256
226231 . 3394546 781190 771480 1.214895
1.267768 1.009464 2.4914854 2.569176 3.451249
2.120224 1.488576 4.083454% 4.375574% 5.08865
2.97268¢8 2.26748¢ 5.728z00 é.1727&0 8.92488
4.,240456 3:.327152 8.220800 8.873430 12.18712
12.568320 10.009600 24.684128 26.717520 34.515&4
20.4699520 14.485380 44.027040 ?.254640 50.24000
28.444880 22.812200 59.4628240 45.207520 25.1%é80
40.207740 32.022000 93.209600 16.174320 121.49280
108.082000 36.082400 1932.222400 22.743000 3&¢5.04000
1532.210400 129.933600 411.237600 38.700720 403.40000
208,792000 166.272800 440.8461400 2.1039922 851.74000
274.172000 206.87&800 631.88%9400 27.193740 1214.380000
449 ,335200 357.856000 394.320000 14Z2z.4Z28000 2450.40000
522.411200 414,052000 407.64%9690 022748 4024.,00000
Sé1.9162300 447.4992200 415.489400 L110208  2517.s80000
S595.35926800 474.324800 $20.444300 118488 11C14.00300
‘40.,745600 457.195200 717.393&600 22.1453&0 246504.00000Q
6.3.9746000 4532.9483000 733.200800 30.214320 &0340.90000
&£77.876000 454,375200 732.420800 328.00S5£00 285174,00000
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the cross trunk transmissions occur from trunk 1 to
trunk 2. This is ervisioned as the worst case
condition for cross trunk traffic since the
destination trunk is the busiest trunk.

Looking at the curves from figures 5.5, 5.4
and 5.7 it may be observed that for trunk 1 the
operational parameters under increasing offered
load are very similar to that for the single trunk
secenario, the exception being the Ilowered trunk
ytilization before saturation is encountered,
Agaiin the maximum offered load operationg point is
seen to occur for about 3.5 offered load and hence
as before the trunk 1| aggregate offered load should
be held to 8 Mbps or less,

The situation is not as good for trunk 2. The
cross trunk traffic hampers the normal traffic flow
for trunk 2 and it is apparent from the simulation
curves that the maximum aggregate offered data 1oad
should be held to less than 8 or 2.5 Mbps. This is
considerably less than that for the single trunk
simulation and clearly demonstrates the effect of
heavy cross trunk communication requirements,

From figure 3.4 the aggrégate offered data

load of the two trunks may be calculated. This
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was Jjudged to represent a typical operating load

for the dual trunk HOSC system.

DEVICE DATA ARRIVAL RATE

111 10 Kbytes/sec = 80 Kbps

TRUNK 1 TOTAL OFFERED LOAD = 80 Kkbps

211 15 Kbytes/sec = 120 Kkbps
311 4 Kbytes/sec = 32 Kbps
321 4.4 Kbytes/sec = 51.2 kbps
411 1 Kbytes/sec = 8-kbps
421 1 Kbytes/sec = 8 Kbps
431 1 kKbytes/sec = 8 Kkbps
Si! 0
521 0
531 0

TRUNK 2 TOTAL OFFERED ' OAD = 224.2 Kbps.

The aggregate offered data load for trunk | is
80 kbps (4.S0S5 log bits) and for trunk 2 is 224.2
kKbps (46.952 log bits). These offered aggregate
data rates are less than the desired maximum by a
considerable amount and room for growth exists.
There is an allowable factor of 100 for trunk ! and
an allowable factor of 10 for trunk 2 growth rates.

Keeping in mind that this aggregate data load for
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trunk 2 is the same as for the single trunk
simulation confiquration of figure S.1 it is
easily discerned that the cross trunk traffic while
amounting to a 354 increase in trunk 2 traffic
| owers the maximum operating offered 1oad
potential of trunk 2 by a factor of almost 4 (down
from 8 Mbps to 2.5 Mbps). Furthermore the curve of
figure 5.5 illustrates that the wutilization of
trunk 1 saturates at SS54 2a2s opposed to the 754
point for the single trunk case.

FOR DUAL COMNFIGURATIONS IT SHOULD BE NOTED

THAT THE MAXIMUM AGGREGATE OPERATING LOAD

POTENTIAL OF THE TRUNKS IS LOWERED BY A

CONSIDERABLE AMOUNT. THIS ARISES FROM THE

NECESSiTY OF DUAL RESERVATION OF BOTH TRUNMK

ADAPTERS. THE CROSS TRUNK TRAFFIC LOWERS

THE MAXIMUM OPERATING UTILIZATION POTENTIAL

TO APPROXIMATELY 75/% OF THAT FOR THE SINGLE

TRUNK .

FURTHERMORE CARE SHOQULD BE TAKEN IiN ASSIGNING

DEVICES TO THE TRUNK ON WHICH THEY ARE MOST

ACTIVE.
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5.3 Analysis and Conclusions

The goal of this work was to develop a software
tool, with particular emphasis on NSC‘s HYPERchannel
network, to aid the engineers and scientists at the
HOSC, to perform system analysis. This study began with
a description of the HYPERchannel and the various
protocols implemented by the network. The relationship
of these protocols to system periormance waz discuscsed.
The system components which make up the HOSC were
examined, these components are examined for information
purposes, in that the attributes of thecse devices were
ucsed to define the test configuratione presented in
section 3.2. The configurations chosen for testing by
the simulation, are based on the system zhown in Fiqure
3.1. The results of  this testing are presented in
section 5.2 of this work.

The data, which appear in Section 5.2, are plottsd
in all cases wersus the Log (base 10) of offered load,
where offered load is expressed in bits. So that An
offered load of 7 on any plot is the inverse Log (base
100 of 7 which is equal to 1 x 107 pits, In Figures
(5.2 and S5.5) utilization is plotted versus offered
load. WUtilization iz a dimencsionless figure ranging
from 0 to !. In Figures (5.3, S.é6, and S5.7) the Log
(base 10> of transmitted control and data bits are

plotted versuz offered load. As before a wvalue of 7 on
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the offered load axis represents | x 107 pits. Whether
this is data or control bits, i€ indicated on the axis
of its respective plot. Finally, the simulation time
used, 40 seconds, was the same for all simulation runs.

The results obtained from the <ingle trunk
configuration of the model are found in Figures 5.2 and
S5.3. The results as plotted in Figure 5.2 and tabulated
in Table 5.3, compare favorably with results obtained

by other researchers (FRANS82]1, [FRANE4], and [WATSS801].

While nuinerical recsults differ due to different
topologies being modeled, overall performance of the
network 13 essentially the same. The owverall
pe~formance of this ne twork, and that reported

el sewhere, appears to approach some relatively constant
level (saturation) as offered load increases. A
slightly different presentation of these results are
plotted in Figqure 5.3 and tabulated in Table 5.5. This
data i3 presented as transmitted contrni and data bits
versues offered load. Thece plots represent the actual
amount of data and control bits being transmitted by
the network versus offered load. Control bits are thcse
bits transmitted by an adapter to perform network
functione and are concsidered overhead loading. Data
bitz tranesmitted, are thoze bits offered to the network
by attached devices for transfer over the network,.

Dffered 1load represents the total amount of data
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presented to the network for transmission over the
network. Thue, as offered load increases, the amount of
data bits transmitted should increase. Since network
services are requested, network <functions increase,
thereby increasing the amount >f network messages
relating to these <functions. Thiz will cause &
corresponding increase in the amount of control bits
being transmitted ocver the network. The plots in Figure
5.3, both exhibit nearly linear properties until a
certain point (offered load approximately equal to %
is reached, att:r which the data and control bits
tranemitted remain nearly constant.

An oftered load of ? on these plots, represents an
aggregate offered load of 2.125 Mbytes/sec being
presented to the network +for transmi-sion. This is
equivalent to an off network source reaLesting network
services every 0.04 wusec. According to pubiished
fiqures [FRAMB2]), [FRANE4], and [WATSSZ2], an adapter
requesting t*the trunk, transmitting its data, and then
releasing itself and its receiving adapter will require
a minimum of S840 usec to send one meszsage-wi th-data
cequence contaxining one 2 Kbyte data block. I+ the of+
network' sources’ data rates are such that networx
services are requested faster than the network can
process these requests, then data loss will occur. At

thizs pecint the network is entering saturation. This is
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reflected in the plots of data bites tranemitted versus
offered load. After offered load exceeds the point
where offered load i¢ approximately ¢, any further
increase in the offered Iload does not produce a
correeponding incr2acse in the amount of data and
control bits transmitted. This indicates that the
network is ceaturated and can not tranemit any greater
amount of data or control Dbits.

The normal offered load to the network, baszed on
observations of the sys{fm described in Chapter 3, and
detailed in Appendix IV, appeares to be approximately
4$.95 (Offered Load). This figure results from summation
ot the data rates applied to the network, multiplied by
simulation time, and then performing a Log ‘base 10
operatior on the result, Thus this= network i s,
according %o simulation results, operating below its
potential by a factoer of approximately 100. This
indicates that expansion of this configuration would be
possible to some extent.

In order to examine the effects of a second trunk
added to a network, the configuration shown in Figure
5.4, and detailed 1n Appendix VYV, was modeled. This
confiquration 1s similar %o the single trunk
configuration in that the topology of trunk 2 (Figure
S5.4) iz the same as that shown in Figure S.1. In order

to obzerve the etfectz on trunk 2 due to another trunk
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having access to it, the probability of a transmission
to trunk 2 from ¢trunk 1 was set higher than the
probability of the rewerse operation. It <zhould be
apparent, that a dual trunk network in which each trunk
haes need of only <sporadic use of the other, would have
noticeably better performance than the configuration
presented in thie work. The results of modeling this
configuration are plotted in Figures 5.5 through 5.7,
and are tabulated in Tables 5.7 through b I
Examination of these results shows that trunk 1 is
relatively unaffected, although utilization iz lower.
Utilization in this case 13 approximately constant at a
value of 0.5S5 for increasing offered load. This fiqure
is approximately 254 less than the comparable wvalue for
a single trunk network, this i1s due largely to the
topology of the network. On trunk 1| there are two
adapters, which communicate exclusively with each
other. There is a larger number of adapters on trunk 2;
which affectz the common adapter to both trunks, 1n
that, multr-trﬁnk operation 12 slower, Thizs slowness of
the multi-trunk operation may be attributed to the
common adapter having to compete for a busier trunk to
complete i1te’ transmission. Thus, the common adapter
will be reserved for longer periods of time, directly
atfec*ing throughput, and consequently utilization, on

both trunks. Performance on trunk | of this topology,
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with the exception of lower utilizaticon, 1€ roughly the
same ag that of a single trunk network, as expected.
However, the results <for trunk 2 are drastically
reduced from that of a single trunk configuration. An
examination of Figures S.2 and 5.5, show that
utilization of the trunk is very nearly the same for an
offered load of approximately S to a load of very
nearly 8. After an offered load of € 18 reached, the
dual trunk configuration’s utilization is drasticalily
reduced. In FiqQure S.6, the con'rol and data bits
transmitted over trunk 1 are plotted. These curves
exhibit behavior similar to that of the =ingle trunk
model discussed previously. This is not the case for
the control and data bits transmitted ower trunk 2
(Figure S.7). Both of these plots exhibit linear

behavior to a certain extent, but while the control

bite transmitted are only slightly atfected, the
transmitted data 1s drastically altered at the <same
point that wutilization breaks down. Based on the

description of this network contained in FAppendix YW,

the normal offered load 1s approximately 7,08, As shown

in the plotted data, this topology hasz wery limited
range in regard to offered load, which makes |t
yuinerable to performa.ce degradation due to load

varitation.
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Thus, a sinqQle trunk system exhibits greater
potential for expansion than the dual trunk topology
modeled. Rather than allow a dual trurk system of this
nature, it would be better (Performance related) to
place the additional device seeking communication with
another trunk, at a high rate, physically on the trunk
i1t requests the most.

The walidity of this zimulation is based on the
understanding of the system and the structure of the
model. While it would be better to establish walidity
by comparison with actual confiqurations and their
measured performance, the feasibility of establishing a
test bed for this purpose is remote, due largely toc the
intensive mission requirements at the HOSC.

Finally, th2 author belieues that ¢the stated
research qoal's have been reachea., Howewer, in this
model, as in all things there is considerabls room for
improvement. Future expansion of the model miaht be
made, tn include intra-adapter meéiage transfers, and
more than one adapter to more than one trunk. This
would serve to lend more accuracy and sophistication to
the present model. The current model appears to poscess
reasonable accuracy and wvalidity, with the =ztated

condi tions under which it was developed,
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117



£s
[(» suwnn ssssnnssn svsus seven swens suvans .) 49
C SNOI LV VU¥EYTIT)I)3IQ vivao | IS
. [ T} cs
Y
LC(EL=N4T) INO “(OL=N4T) LNOXNY “(ZL1=N4T) 37140 “INdLINO “ANdNI) LWIS WY¥DO¥d &Y {
] )
[(ssvsns Ssswveny ssves (AR RN “wwew sevasn sevsvns Sssnens . 9y !
LI I I I D R R R R I I L B I I I I I R N I L L L D L L <Y
. . 29
L *SNCILJANO) OVYOTH3A0 37681SS0d ONILIIO3¥d SY 713N SY “03LIVNIVAI » & £
- 38 AVW XYOML3IN 3HL 40 3IFINYWYOIN3Id TIVEIA0 IHL “SNHL "AYI3Q ONY . 2y
.. SNOTAVZINIIN “INJHONOYHL SY SYOLVIIANI 3INVWYEOJI¥Id HINS JLVNIVAI o » (%}
. 04 Q3SN 38 AVW SOILASILAVLIS 3ISIHL “AVII0 39YSS3w 2OVH3AY ONvY “03111INW . 0y
e » -SNY¥L1 S3IIN3NDIS 3INVMY “SITASILIVLIS NOISITII) “SITI8 Q3LLIWSNY¥L “SV =& » 6%
= HINS SOTLSILVLS ONILMO4IY “MNYOMLIIN 3IUVIS-AQV3LS ¥ 40 ALIAILIY 3HIL . °1 4
v #SILVINNIS T1300a 3IHL “WOISSIWN SLI ONINSITAWOIIV NI AINIIII443 S,ISONH » & LE
. SINIWHE3ILIO ANTIVIISYE YHOMLIN SIHL 3FINIS “MHOMLI3N TINNVHINILAH . 9f
LA SeISN ST300W ATIWVWINA ¥HOM SIHL NI G34073A30 NOILVINWIS 2HL L 5 141
. SSNOILVENDIIINGD SNOIMVA NI JISOH LIV ALIAILDY . 7€
» & ONILVYINWIS 40 OOHLIIW 5w0S ¥O04 O03I3N 3HL ONILVULISNOWSA “3ONYH) ISOH » « 141
. 40 SNOILINNG L¥O0ddNS 3IHL D0 0S5 “3ONVH) SITLIAILIV NOISSIA-NON ANV . (41
. .. NOISSIW SY “S3IILIAILIY NOISSIW-NON (JS4W) S,¥3IN3D IHOIT4 3IvdS L Lg
g ﬂ“ . TIVHSYYW ¥04 S3IIIAYIS ONILINJWO) SIQIAOMA OSTTY ISOH “SNOILV¥340 - 0t
| 553 . 37L1INHS 3IVdS (YSVYN) S,NOTLVHISININOY 3)vdS ONY SIIINVYNOMSY = » 62
) . TYNOLLVYN ONI¥NOG SISATYNY ONYV NOILISINOY vivad ¥O04 37191ISNO4S3¥ SI . 82 |
4 ﬂﬂ L ‘WILSAS ONILNGWO) G3LINEINWLISIO v Sy JISOH “(JISOH) ¥3IIN3)D L1¥0DddNS = = a2 |
= . SNOILVYN¥IdO 3TTIASLNAK WL LV 3SN NI ATINIWYND SI XNWOMLI3IN SIHL . 92
) bea ﬂ‘ .. “ALITNIIVY ONILINAWID UIN3IDI443 » » s2 _
i o2 . JIONIS v OINI “3¥NLIVINNYN ONI¥3IJ41G 40 S3IIUNOS3I¥ ¥3LINdWOD . 22 m
T O .. SNOT¥VA “NILIINNCIV¥ILINI 40 ALITICVYZY) 3HL SYH XMOMLI3IN SIHL =& = 1 %4 mw
' A ﬂv . *SAVI30 03¥399vV1S C3IT7ILIVOING HIIAM “70150108d SS3IDVY XNN¥L VYIVO . 22 —
0. .. (VYKSI) SS37IV 274117NW 3ISNIS ¥ITWHYI v S2ZIT1LN TINNVHIUIAH = » X4
4 . “XHOML3IN VIEY VIO 02345 HOIW “ANOI3IS ¥3d LIAYDIW 0OS “ANVEISYE . 02 ‘
) e b L ¥V SI XYOMLIN TINNVYHINIGAM S, NOTLY¥O4NO0) SWILSAS XNHOMI3IN L sl
o) . . el |
.. T1dvylisay . & Zl
) . . 91
.. L St
. . 71
) - SBEL “AVMW .. £l
. ALISYIAINN ILIVIS TddISSISSIN . 2zl
.. L (4}
' . A3ISSYW "7 SINN3M . ot
.- SHOMLINY o 6
y . “¥3IINI) . 1]
LR 1¥0ddNS SNOILVY¥3IHO 3ITVIAS'NNAK 3HL 40 T300W vV “NdOMI3N .. ]
. TINNYHIUIAAN S,NOILVY¥OJNO) SWILSAS XHWOML3IN 40 T300W 3IYVALIOS V¥ . 9
.. 2 .. S
. . 9
,\ . » .. £
al ® % & % ¥ % % 8 B ¥ W Y W NN NS BRSNS LYy r4
: wesas sssvense ssensn L LR ] LELERY ] LN LN LY =) I

e LO:9S:0L S8 ¥dV | ees 2°2 SOA 3ISV3NIY seev ( NVYS H¥ITNTaWCI TVISVYLI




—

INVIT009 * 24

INY3T008 ¢ LW

[ J3S/S31A9 40 Y3EWNN DAY ] fIV3¥ I31VYMN3ID

C SLIvA *770) NI IN3dS 3JIA30 3WIL ] 27v3¥ :3wILNT0D
[ SAVI30 LIVM NI UIN3dS 3JIA30 3WIL ] £7v3Y¥ 3wILLIVM
vy IwllAsna

(= A77vl 1806V 3JIA30 ) f¥393UNI * LJILMOEVY

(® ATYL NOILd3)3¥ 3JIAZ0 =) f¥3IDIUINI : LIe3SH

€ A7vL NOISITI0) 32IA30 ] c¥393UNI :12770)

C A77ve SLIVA 3JIA30 ) Z¥393UINI :1JLIvM

f¥3ID3UINI * 1J03S

~a [ S3J¥Nn0S 13N440

o WO¥J S3LvY “"SNVY¥L 3I¥N0S 31VO3NNOV
.M zoauncmmhnu:owux»zuu:humuruhuu4<uuu4>u»¢-»
;

(s NOISSIWSNVYL LX3IN TILND 3JWIL =) 27v3¥ IXLILIX3N

- (s 31v¥ O/1 ¥3ldyv 04 3JJA3Q =) 2vVI¥ :3ivVH¥3I4L
(» ANN¥L aN2

m ¥04 “XANN¥L TYNO NI 03SN ») 27y3y @ lvi¥4disia
b) [ | ¥31dvay wD¥d4 3IINVISIG ] ZVIH :LYWO¥4LSIO
3 (v NOISSIWSNY¥L

= ANNYL v SLS3INDI¥ 3ITIA30 3IML
]
@]

340430 3)¥NOS LI5N-440 V WOUS
Q31VINKNIIY SLIE 40 ¥3GWAN =) 77V3¥ *371IS¥344N8
(® ONIAI3D3¥ NIHM ¥3LLIWSNVYL &) Z¥3D2UINI * XAIWOM4
(s X1 MNN¥L1-XNN¥L
N3WA NOILVNILS3Q 3UAVIO3IWHIINI =) f¥3IODIUANI * LS301
(s X1 N3HN
NOILVNILS3O 40 OI ») fE3IDIUNI @ 1530
(s Y3IEWNN 2IIA30 ») f¥IDIUINI ' WNNC
ZdVYH) 40 [92°° 1) AvydY Q3XIvd :41

0¥0J3b = SNOILLI¥ISIOIINNOS

(= ON¥OJ3Y¥ Q3XNIT =) [AN3
¥3IUANIOL * LX3N

£v3y * ECud

f¥303UINI : Q1

a¥dd3¥y = ISIM
f1SI7y = H3INIOa

3dAl

(v MYOML3IN NI SXANNYL ¥IBWNNXVYW #) 2 = SHNNULWNNXVNW

‘0 = 0¥512
21 = 3NO

(s °"SJ3S /SL1i€ NI 31v¥ X1 XNN¥L =) f90+3D°0S = 2LVEXNNYL

(* L1J4/SN AYI3Q °*dO¥d =)

760-328°1 = NCIIvOVdDEd

16 = SHILIVOVRNNXVYW

1€ = S3JYNOSWNNXVK
1SNOD

sCl
4014
901
S04
2014
01

119




A NEY

(» ¥31dvAY NOWWOD AE C3SN «) f¥3SIUANI : LS30TVYNIJ £91
(» ZYNNEL ¥O4 AVIIO IvIOL ») fIv3¥ P AVIIC210L 291 |

(= 2JNNY¥L ¥G4 AVI3Q 03XI4 ») £IV3IE : A¥VI3Q2XI4 191
(= 2)NNY¥L ¥04 AYIZQ  ON3I =) Z7¥3¥ : A¥YIIA20N3 091
(= 2 JNN¥L ¥04 AYI30 ALINOINd #) ZIv3¥ : A¥13021¥d oSt
f¥3IOILNI : AWI3Y 8S1
(=( 3W3AIS NOILVA¥2S3¥) ¥21dvav 51
HI¥3 H¥O4 3INEINN “€9-0 WO¥3 S3IONVE 91
¥3IBWNN LIND ¥31dVAY NO O3SVE ) f¥3IOIUANI * LIA¥LIN sSt
(» 3Iw3HIS NOILVAY¥ISIY NI O3SN AVI3IQ ») ¢ v3¥ : AYI30 £}
(s L YNN¥L ¥OJ Q0I¥3d AVIIO I¥1OL ») £7v3¥ : A¥VIIGLiIOL £St
(s L XNN¥L NO 3WIL X1 ON3 O GN3e) £7v3¥ : AVIIALXI4 2st
£I¥34 * AYI3Q10N3 1St
[ NOISSIKSNVAL oSt
ONINNG LIV™ 340 IN3A3 NI 3IWIL 6%i
LIVA Q3NDISSY 340 SONOJI3IS 40 WIBKAN J V3N @ AvVI30L1¥d 591
s Y3y 2 Lvivdisia L
C L ¥3ldvOv WO¥J L334 NI 2INVISIQ J Z7v23¥ :LVWOW4LSIC 991
£SO¥DI3IYIIIAIQ 40 [9°"1] AvE¥Y :3IIA3Q colL
. 040338 = SA¥0II¥¥3ILdVAY L11t
= £y
ZaN3 291
(L]}
0!
6l
' 8fl
iy L5
: 951
2 sl

2 "L o

18 £€1 N

) . ZNV3N008 40 [£°°1] AvHY¥Y 19v74S €1 =
e [ ¥344N8 Lldvav QvO01 it
2 0L A3Q ¥04 3IWIL = 31v¥ 94341 40 3ISHIANI ] £7v3¥ :3WILOVOD oftL
) [ 23S/S21A8 NI o2l
14vaY 0L A30 WOYJ 31VY¥ ¥I4SNVHL L1¥Od O/I 3 £v3¥ :3ivHN34d 621
£ENOILAINISIOIIUNDS 40 [S2IYNISWNANXYW*"L] AVE¥Y :3I¥NOS L2t
) f¥39IANI :S3IIENOSIONNN 921
[ 1804 O1 Q3IHIVLILY 32IA3Q 41 3Nyl ) fNY3I008 :N3dO s2t
ZYVHI 40 [92°°1) AVHN¥Y 03XIvd (01 921
) O¥0J3¥ = SQ¥OI3INWIIIA3Q g2
221
£QN3 Lz
! fHIINTOd * LSHI4 0z
(s XAIVILINI = X1TVNI4 40 WNS =) £7¥2¥ : AVI13QSS3W ol
(s 3&I1 X1 TYNI4 ») Iv3¥ 1 XLIYNDY gLl
(» 3WIL X1 IVILINI @) £Y3¥ P X1IVILINI Ll
£Iv3Y ¢ LINTeviva SLi
£ v3e * NI8L stL

£IV3E T ANISATE 91l 2

(s SdO XNN¥L 2 ¥04 Q3SN =) IN¥3N008 : @W g1
INYV3T008 : 9w 2Ll
INV31008 * Sw Lit
NY37008 * 9w : i
(» SOV14 39VSSIW =) INV3T008 * W 601

TN TR R, Tl T



Z37TTvILINI 3¥NQ2)0bd 1 ¥4

PA ¥4

9Lz

C ] sie
I R R T R YD %12

flc

[vvesvvansn sssuns sunus sssven sussswn »s]) 24c
SNOIILILINTITISJI3O 3 ¥ENAGC3 J0Nd b (3 %4

P R R R T L R | cLe

D R R R Y| 602

. fdILINIOd : ¥id “IN3¥¥NI J 802

(= XNN¥L TVYNO ¥04 3N¥L #) INYITO0E * SHNNHIL 202

f¥3O3IUINT aF ‘104 ‘100 902

INY3TI006 ¢ QIA¥3S3I¥ “IN¥L “TIVININM so0z

ISNOILJIN¥IS3G3ILN0DS *¥AIY “¥3LLINL 902

£ANOI X0 :LANODD £02

ZONOINIDT) 40 [ONOINIOTI] AVHMY INOILIANOD 202

£34A1300W :300m1NdNI 102

£AX31 1IN0 “inOxny “37140 002

fUVH) 40 (08°°1] AYE¥Y Q2XIvd :dS3¥ (.12

[ ONIOVIH wWYYOO¥d ] fNVH) 40 [OS*"L) Av¥¥Y Q3XNIVd *ONIQV3H 661

[ YOLV¥IN29D ¥IBWNN WOONVY ¥04 0335 ] f4393INI :NnI “N 61

S6lL

sélt

[ “SNYY¥L XNN¥L TNISS3IIINS LSV 40 INIL ] 2vVI¥ SXLIANNYLLSYT “3ATLIVILIL %61
C 3wIl 03SdYT3 TvIO0L ONIQNOI3I¥ XI27) SAS ] “3WILINI¥NND w6l

291 251 721 “*}1) “3103WIL/NRONYS “dNYYI “XLISITE “3IWILXVN 261
2AVI3003XI4 “AVIIOAONT “AVIIAIVIOL “AVI3GING “3AI1IV2Y¥L “3ATLIVINL (1.7}
ZATIVLILIVA “SLIE2VIVO “SLIGZ2UINOD “SLISLYIVO “S118LiN0J7QVY0T440 061
ZY3IDIUNIIWNNG “X “F “1 ¢ AVYWW0) 681

“S1dw3LllVIVIOL 881

“S1 “QL VL ZATNVLIZAYL “1dWILLVZANEL “ATvVIZE3IS “ATVLID3S “ATvi93S i81
“ATVLATT0) 7X103SXVYW “S1¥08YIVLIOL 991
[ 1334 NI LSIQ J £7v3¥ 40 [SXNNULWANXYW®" L] AVENY ZHIONITINNNL S8l

) f¥293IUINI ISANNYLIOWNN %61
£SAE0O3I¢¥ILAYAY 40 [SHILJVOVHNANXVYW®"|] AVH¥Y :¥31dVAV £FL

[ 13N NI S¥31dYAY 40 ¥3IBWNN ] fE3IDIUINI *SH3LdVAVIOWNN 281

) LA L) I8l
0%

£(23SV)’93SVI/S3SVI/93SV¥I“L35¥I“23SVI/L3SYI) = QGNOIXIO0T) 6L1

) 821
LCANENI3TTS “3ATLIVHIUINI) = 34AL300W L

91

' [(?¥vK) 40 3714 = 1X31) S
221

£

£0ON3 2Ll

L2l

0l

691

INY3T008 40 [%°°1L] Avidy : 9vY140 891

(= 2 JMNN¥L 91

NO AY130 ALI¥MOI¥d 40 3INTIVA ¥3O3UINI =) Z¥3INIUINT * 24 991
(s | XNN¥L so1

NO AVI30 ALl¥CINd 40 3NTVA ¥393UINI ») 7¥3IOIUINTI : Ld 794

125



£0 = AVI30SS3W £22

0 = Ad13¥ 2L

0 = 131406&Y (¥X4

f0°0 =: 3wIlASNE » 022

0°0 =: X1€l 692

0 =% XIwOud €92

£ 0 =% 1530 192

‘0 =: 15301 992

¢£0°C =% IN3SXT8 $92

£357v4 = BN 792

£3S7vd =% 9W £92

£387vd =1 SN 292

£3SIV4 =1 9w 192

£3S7v4 = §W (X4

£38v4 =3 2MW 6s2

£3Sv4 = LW §S2

£387vd =1 [(X)9VI4S 452

SCISYIZININ gs2

f6°0 =% 31VYN3O ss52

0°0 = 3WILNT0) 982

f0°0 =% SWILLIVA ise -

0 =% 1303SH 2se

0 1271702 1s2

0 =% 1J11IvA 0s2

0 = 1393S§ 692

NID3E 82

00 CrJ3JIA30°CIJ¥31dVAY HLIM L2

. 00 CXJ3IM¥AOS/CrIIIIAIA/CIIN3L4VAY HLIIA 992

em 00 S3IJYNOSWNNXVYW OL L =% X ¥O4 s92
' £387v4 =3 [1]9v40 "2 o1
e 0C % 01 L =% 7 ¥O4 192 o~
) 3 NID28 292 =3

> 00 [IJ¥3LdVAY HLIM 192

00 9 0L | =% r ¥04 092

) ' 00 SH¥SLIJYAVYWNNXYW OL L =% T ¥O4 (1 74

= 812

> 252

) g o [ SNOILVZITVILINI NN¥ M3N )] 9£2

sg2

A C 3ZITVILINI 38NA3J0bd ] NID3E 7¢€2

) 2 O £¥393LNT IN4r/IT €52

Z£ON2I%307) *LANOD 4 ¥4

¥YA (374

oge

(= sssnesn sSsvsves sssnes ssnss ssssssns) 622

C ] 822

4 *3G0W ANINI“TIV UININd/INILT XYW b1 222

C X17S1IE73ATLIV INIL 10471071 7S0idW3LLV IVLIOL b1 922

[7ATIVITNOISINIO0I“ATIVLA T LIVAZN:Q3LI344Y SITBYIVYA TVEDTD ] §22

4 -) 922

SINILNOY ¥3IHIO ON : 01 STV) b g£22

¢ JE00W WY¥O0N¥d :AE G3XOANI b} 222

r ] 122

r *S¥3LINV¥VI NNY NOILVINWIS &N S13S ] oze

[ GNY SNOILVZITVILIMI 3IT18YINYA NN¥ 30 ONINNIO3E Sm¥Odd3d b 6l2




4

2387v4d =1 SANNYL

3513

3Nyl =: SANNYL

NIHL CeAy = [11dS3¥) ¥O
RLTER

£ 0 <> [L1dS3¥ TIUINN

Cehy = [1JeS3¥) 41
([134S3¥)AVIE Lv3dIy

£C+0(N MO S3CA & XNNHML 3INO NVHL 380w 3¥3HL SI JINI3LIN™

fLONOD =3

[ 9Ny ¥04 Q333

CLONOJINOILIAGNOD 00 (23SV¥) 0L

INT3LTI NN

fCINC)3LTIwm3Y

£0°0 =% Qv07440
0°0 == 91
£0°0 =3 £
0°0 == 21
£0°0 =3 11
=t S1I6Zviva
=: S1IBZINOD
-nmbumwchdo
nu
lu

S en e w

S1IBLINOD
ATvizyeL
SldW311v2Xul
Sldw3liviviol
0 =% ATViIZD3S
0 =% A7viLD3S
£0 =32 ANTVLiR3S
£3STv4 =% Q3A¥3ISIHY
3
0
0

SI¥3 =3 >yl
-.u>~»u<~¢h
-

0° :
20° P O3ATILIYILNL
0°0 =: AYT1300N3
f0°0 = AvVI3003Xx14
f0°0 =* AvI3QviOl
f0°0 =% AVI341l¥d
0000000 =% x1DISXVNW

f0°00 =% 3IWILXVW

£35v4 =1 SANNYL
£0°0 = X1S118
£0°0 =% 3IAILIVIRIL
20 =% 13

0 =% A0

t SI¥OBYIV10l
£) =1 A7171110)
£0°0 =% A1viLIVA
SI N ) 22251 =X n
‘0 =IWNNG

£3N¥L = 1IVINING
L3SY3 =1 LONOD ¥O4

10N3
f0N3

828
L3

134
Z18
9ig
Sig
718
19 59
2L
Lig
(1] 59
0%
0%
0%
s0¢%
S0t
70§
£0€

L0g
005
662
862
L62
962
s62
62
£62
262
162
062
682
62
LB2
982
s82
782
£6¢
262
182
082
[ YX4
822
222
92
S22
"2

123

"
|

P——




F POUR 61 s

K1938
3873
an3
fCs JATLIVHILIND SI 30CALINANI INTI3LINA
fIATLIVHILINT =2 3COWLNGNI
NID38
N3HL (sAs = [LIdS3¥) ¥O (4As = [1]dS30) 41
INTQY3IY f, 4 <> [1)dS3¥ TIUINN ([1]dS3¥)IAVIY LV3d3N
ZCe0(N ¥0 S3CA NOILVMNOIINOD XNN¥L IVNO v NN¥ LISYT 3HL SYA ,INISLI¥A
NIS36

N3ML (SANNYL)LION 41X
f0N3
10K3

ZANANI3TI4 = 300WiNdNI
3is73
FALLIVYIUINT =1 300wiINdNI
N3HL1 (o1, = [1)dS38) MO (41, = [L)dS3¥) 41
INTQVY3Y £, 4 <> [L]dS3¥ TIUINN (CLIdS3I¥ YOVI¥ LV3d3¥
£Ce 37IC4 ¥O IATLIVHILINCI 300N LINANI, INIILINM

N1938
3813
aN3
fCe JAILIVEILNI ST 3JOQOWINGNI ,)NIILINA
f3AILIVEIUINI =2 JAOWLINGNI
N193€
N3HL (4Ay = [13dS3¥) MO (oA, = [LIdS3N) 41
INTCY3IY £y 4 <> [L]dS3¥ TILINN ([LIdS3¥)ICYI¥ LV3IeIN
£(o0C(N ¥0 S3C(A NOILYM¥NOIINOD XNN¥L 3TIONIT V NNY¥ LSYY 3HL SYM,INTSLINA
NID38
N3Wl SANN¥L 41

INT3LT UM

INTILTEN

N =X Nl

Z(N INTQY3Y

£(oi¥0LVYYINID YIEBWNN WOONVY ¥04 Q23S, INTIILINN
HUREPO R L]

INTILTNN
£( X193SXve INTQYIY
£Cs ¢ SNOISSIWSNYHL 3IN3NCZS TN4SS3IIINS WNWIXVW, INT2LTIEM

INTIILTEN

fCINILXVYR INTQVIY

£(4éS23S NI 3WIL NNY WNWIXVR, INTIZLTHEA
INT3LT e

INT3LT UM

Z(ONIAQV3NH INTQY3Y

NNY ¥035 ONIOV3IW NOILVIISIUIN3GI, INTILTNM
INTILIun

£68
28t
(339
08s
6.5
(73
248
948
Si%
248
£
39
YA
041
69§
§9¢€
498
95¢
s$9¢
79¢
1321
29%
10¢
09§
6Si
BSE
455
§Si
1331
7s¢€
1349
[431
LSS
0S¢t
6%
L[R2
4%
97¢
$%€
79§
£t
278
19¢
0
6ff

f€g
[431
(331
(141
628

|
m
|
_
__

124




T T\ R

R
LS

»‘\.

e

NID3E
00 OYwW0) OL | =7 I ¥C4
£C QVNWOD “3T140)NT3LTHM
Z(S¥ILLYAVIONNN “3TT40)INTILIEN

SCCIDHAONITIINNEL “3TI40)NTILINA OO0 SUNNYWLJOWNN OL | =3 T Y04

Z(SYNNELIONNN “3TT40)NTILT N

£(27T40)3101un3Y
(e2(0707,4d1¥2530,737140)N3d0%)
[ 21Iym3¥ 3¥N0A3J08d ) NI1O3®

[ S3TBVYI¥VYA 4007 ] ¥393UNI 7 “x “r “1
2 ¥VA

sssssssvsssnsuns ssses ssssss .s)
3714 INGNI A¥YITNIXNY 3IH1  S311%m3y )
£37140311e”3¥ 3¥NA3I0Nd

]

axe])

sSEseNen

LE L LT

f¥3I9ILANI 40 (S¥3ld
Z¥3IVIUINT 40 (Sw3ld

1) AV¥NY * L1¥OS
YWANXYW®*1]) AYE¥Y : L1¥0S
£Iv3Y 18 “ldW3l “‘dwW3l
f¥3I9IUINT ¥ 47 ‘X ‘r ‘]
¥YA

ssvss)

LA AL R A 2 Ses s

[IJ¥31dvaY :Q313344v S3ITBVINVA TvEQCTY

AVARIINT X1 2 01 STV)
INIS wY¥90¥d )8 A3INDANI
*04N1 3IAILLINISIO XYO™LI3N ¥04 SidwWO¥d

b )

J

]

]

37140 511¥M30 ]
]

]

]

b}

IXEOMLIINITINSLIVEVHD 3¥N03I0¥

( ]
[(#o0cssesssssssssssssssssssvosssssssssnnssvssssnnses)

[ 2217 LINI 3¥NQ32C¥d ] f0N3

£(iINdiN0)3I9vd
QN3
Z0N3
ZINdNI3TI4 =3 300WLINGNI
3873
JATIOVHZAINT =% 300WINGNI
N3IHL (oT.= C[11dS3¥) ¥0 (.1, = [L]dS3¥) 41

INTOVI¥S, o <> [1]dS3¥ TIUINN (C1L)dS3IN)AYIN "Lv3dIN¥

H

¢ 3TIC4 ¥0 3JAILIVEIUINCI * 300w LNGNI, INTILINM

egY
487
°f
(3%}
269
138
28y
1y
0fY
629
82y
a2
929
s2Y
27?2
£2y
2y
L2y
02y
(1%}
6L
LY
9Ly
SiYy
7.
1y
iy
Ly
oLy
60
80Y
0%
90
S0
0%
£0°
20y
10y
00y
668
868
L6%
96¢
Sé%
68
68
268
Lég
O6f
688
139
48§
98¢
SPS
788

125



[ S¥3idvivy 40 KNN C1 =1 ¥04 J ZON3
[ ()¥314V0Y HLIMAL ] ZON3
L 9 C1 1=F 404 ] ION3Z
[ O)3IIA30°()¥51dYQY HIIA ] ZON3
[ (N34C)LION 41 ] Z0N3
[ S3J4N0S 40 KNN 0L =X ¥C4 ) fON3

fON3
£C 0 “3T140Q)NT3LINN
fON3
ZIXIN®YD) =32 )
£(B0¥d V) “3T140)NI3LINA
£(AI°vI73T140)NTI5LIEN
NI938
00 TIN <> ) 37INHA
1514 =2 )
NI938
00 (X)3J2eN0S*CrI3IJIA30°CI)c3ldvay HWIIA
20 LINT8YLIVO “2TT40INTILTER
£(371S¥344N8 “3T140INT3LTEN
Z(3LVEN3ID “3ITT4Q)INIILTEN
£(0I “3T140)NTILTNN
(¢ WNNG “3T140)NTILTNA
NI93@
00 [X)3J¥NOS CFI3JIA3Q CIINILLVAY HLIAM
00 S3J¥NOSJOKNN 04 | =% ¥ ¥OJ
£(S3JUNCSIONNN “3TT4QINTILINN

£(3LVE¥I4L “INT40INTILTEN
£(0I “3ITT40)INTILTEN

N193€
N3HL1 (N340) 1ON 41
£(N3d0 “3T140,NT3LT0N
N193€
00 [FI32IA307[1J¥31dVOV HLIA
NI93E
00 9 04 | =% F ¥O»

C SNOILdI¥IS3IA 3JIA30 TYNAIAIONI NI1I93@ b ]

20N3
£(AVIIQZANS “37140)NT3LTe
Z(AVI302I¥d “3T140)NTILT RN
ZCLVIN4LSTIA “3T14QINTILTEN
N1938
N3HL ( OYWAO0) = I ) QGNV ( SXNNEL ) 41
£C LIAELIN “3TT4Q)NTIILTHN
£C AVIIOLON3 “3T140)NT3LT8N
L AVI3011¥d “3T140)NI5LT0"
ZCLYWON¥41STIQ “3TT140)NT3LTRN
NID3E
00 CIJu3idvay HIIA

69
¢y
ey
0é
697
68Y
L8y
98
sey
787
€6y
28
18y
087
(Y4
829
LY
S
s29
2"
£27
229
(%3]
02y
69y
299
199
999
$99
9y
£9
%
19y
09y
6sY
8SY
5
9sY
sSY
25
£5Y
28y
(3%4
0sYy
6%
%Y
PRdl
$9
sy
LA
$1]
2%y
1Y
oYy
(1%}

e ——



[ 31I¥A3¥ 3¥NQA3IJNd ] AN3I

2ON3
20N3
£aN3
ZON3
ZON3
1ON3
L LE]
ZaN3
2C 0 “37140) NIILINA
ZON3
ZAVINTL) =% )
Z(e0¥d V) “3TI4Q)NT3LIEN
£0AI%v) “3T140)NI3LTEN
N193e
00 TIN <> J INIHA
71S¥14 =2 )
NIt38
00 [(¥)3)¥NCS"CFI3IIA3C[13¥31aVAY HLIA
£C LIXTBVLIVO “5T14Q)INTILINA
£C 32IS¥IS4NE “3TT4QINTILINA
2C JAVENID “3TI40)INTILINA
" QI “37140Q)NT3L1NN
£( wWNNG “3T140)NT3L1NA
NID38
00 [¥)3IJ¥NOS (rI3DIA30°(IJ¥3ILdYAY KLIA
00 S3II¥NOSIONNN 01 | =% X 804
£¢ S3J¥NOSI0wNN “3TT4QINTILT NN
£C 24vey3dl “3T140)NT3LTuN
£¢ QI “3T120)N13LTHN
Nio3e
N3HL (N340)LION 41
Z(N340 “3T140)NTI3LTNA
NI1%38
00 [FJ32IA3Q°[IJ¥31dvaY HIIA
11938
00 9 OL | =2  ©04
fC LJA¥LIN “3TT14Q)NT3LT4N
£0 AYI3020N3 “3T140)NT3LTNN
£C¢ AYI3021¥d “3TT40Q)NTILTNN
£0 LYa¥41S1Q “3T140)NT3LT 0N
NID38
00 [1]J¥31eVAY HLIM
NI238
00 S¥3ILJVAVIOWANN OL C | + OVWKWO) ) =3 T ¥O4
NIO3E
N3IWL SxNN¥L 41

893
s
99s
$9S
2958
£
278
LS
0%¢S
6fs
8fs
F3 %9
sLs
1339
£ 231

4%
€S
0gs
625
82§
228
92§
$2§
L 149
£2s
22s
i12s
o0zs
6Ls
8IS
s
91Ls
SIS
2718
£1s
4%
Lis
oLs
60§
80§
208
90S
S0S
20§
£0S§
2Cs
L0§
00s
ey
g4y
8%
g6
SéY
%09

127

|




HiIm
i ¥o4

00 [IJe3idve
0C GYmk0) 0L | =

ISYILAVCYIONNN =3 QVWwD)
N3IHL (SANN¥L)LION 41
Z0ON3
£C Ovwa0) ) NOTQY3IW

£0si SUNMNY¥L WIOE OL NCwWhO) SI ¥31dvOVY HIIWA,INTI3LT NN

NI23E
N3IKL SxNNuL 41

f(S¥ILJIVAVICHWNAN INIQVIY

fCPYUOMLIN NI S¥U3ILAYAY 40 @3IBWNN, INIILTNEA

HLREFOEL

ZON3

SCCTIIMHADNITINNYEL DNTAGYIY

fCa%e 7L 31 7, INNEL, DINIILINN
NI®3E

00 SHNN¥LIONNN O1 | =2 1 w04

£(oCAVIIQ ON3 ¥04 Q3SN) 13334 NI SXNN¥L 40 HIONST,INIILT NN

2 =3 SANNELIOWNN
ERE]

L =2 SANNU¥LJOWNN
N3IWL ( SXANNEL )ION 41

INTZLINA

f( ¥314Y0V AB ¥31dVYAY -~ 3IIA30 AB 3JIA3Q WINTI3LTEN
Z(, 80P L13IN 40 NOIidINIS3O RAREPO L L]

INTILT NN

f(yovevsssssssnssasnsvens sesenes ssese BLAEFSL L

TR R L L L R )

C

S¥3i1dvay ONIEINIS3Q

sssne ssssns ses INT3LINR

N1°3e
TIATLIVESLIND

40 300WINGNI 3SV)
AE XYOWL1IN 40 NOILdI¥IS3IQ NID3E 3

[ ¥O0®L13IN 37I¥31JveYH) 3¥NCI30ed ) NID3E

£0%
205
109
co9
663
§6S
L65
Ges
S65
v6S
iés
268
165
Oes
68s
8FS
i8S
93¢
Ses
8¢
€8s
28§
LE8S
08s
6ls
845§
LS
948
$e§
745

§9s
oS
99s
$9s

$SS
1139
£ss
2ss
1SS
0ss
6%s

128



| LW

r

r

N1938
N3IML (N340) LON 41

£3STvg =1 N3IJO NKIWL (4, = [1]dS3E) MO0 (4, = [L]dS3¥) 41

0

H ¥
"

.

INTQY3Y £, 4 <> [1)eS3® TIUINN ([1)dS3¢ )Qviy Llv3d3e
£Cy G@3S0(D 40 N3IJ(O :SNLVLS 3IIIAIG,“Y :, , INIILIEn
2(4NOTLdINISIO ,

2 F 4, 3JIA3Q , Y2 1 4, w3ldVOV, ‘2 I, JINI3L1lEnm
INTILTen
f3N8l =% N340
N193®

00 [FJ3)IA307C11¥34dVOY HLILIF

NID3S

00 % 04 4 =% w04

C SNOT14I¥IS30 3IIA3Q TVNAIAIGNI NIO3E ]

L LE]
2C+30EN0S vivd ZAILIVY NV MLIIm 3)1IA20, «INTILTNA
£Cs Q3IHIVLLY 3INO ISVY3T LV 3AVYM ISNm EREAFFS L L]
L0 SANNEL MLIDE 01 NOWWO2 ¥21dVOV 3ML, ‘2%, J)nl5.1¥%

I90-380°2 « 60-30"Y » [ZINIONITIXNNEL =% AVI3IOZ2xIJ
INTILTNN
f( 24 ) NIOQV3Y

fCaAVTI3Q ALI¥CINE 3AVINIIVI O1 O3ISN SI SIML.“2%4 JINI3LINA
£C0a""°7271 "31 “w¥04 ¥393IUINI NI 3AI9 :ALINOTINd ¥31levOYV,

%0 WINTILINN

INT3LINA

fC LVi¥4L1SIQ HINTOVIN

T 2 ANNYL NO ¥31dvAv | ALINOI¥d WO¥4 14 NI 3INVLISIOQ,
2% WINT3LINA

INT3LIER

N1938

N3NHL ( OvWww0) = 1 ) aONv ( S¥YNNML ) 41

INTILTEN

( AJA¥L3¥ ) NIQV3IY¥

£Co"99 C1 O 3ONVY 3ML NI ¥31dvaY MOV ¥O0J,752%. (INIILIeM
YIEWNN 3NOINN ¥ 36 LASNK SIML ° LINNOD AMLI3Y ¥3ldvOV ,

“2%4 o« INI3LIEN

INTIL T

HLREPS L

T AVI30UXIs

2CLd INTQVY3Y

AVI3Q ALI¥OIEd 24AVINIIVI 01 Q3SN SI SIMLILYZ *4 «INT3LTEM
**271L =N "31“w¥04 ¥3IT3UINI NI 3AIY ALI¥OTed E31dVOY,

‘T fe o INI3LINA

INI3LT N

£90-300°2 + 60-30"9 = [LINLIONITXANNYL =

L(LYROR4LSIO INTQYIY

Co * L XNNY¥L NO ¥314YAY | ALINOI¥d wOBJ 14 NI 3INVISIO,
“2 e 4 INTILTNM
INTILTEN
“2 1 “.W B31dVQVINT3LTE
INT3LTeN
NID3E

859
59
957
§§%
8%
£59
59
I1s9
0s9
695
895
49
99
S99
%
L9
9
199
09
eLs
L9
LE9
L9
SE9
89
€9
289
e
059
629
829
425
vzy
$29
2%
£29
229
L2s
029
615
"R
4.9
9L9
Siy
719
s
P43
Ly
oL
09
509
109
S09
s0%
209

129

_
|
|
:
|
|

———



£(y “#324N0S ONY “#30IA3G “w¥31dVOV ZHL NO,
727 WINT3LINM
£(,03SvE 300) LISIA € v 32 T7IAM ¥3AI3I3¥ 3HL 4C GI,
2% WINI3LINM
INTSLTNN
2C¢4"30VW 38 MON TTIM W3HL 01,72%, JINISLIYAM
£Cs ONILLIWSNWEL [472%97,3320¥NCS [,
FLEP74]301IA30 ‘Lo’ L317,0831dVAY 490,72%, JINT3LINA
£(sALITIBYBOY¥d 3IHL ANV S¥3ATI3I3% 37813504 4C ASIT v,
“2%s WINTSLI¥M
N1D38
00 [XJ3J¥NOS CrI3J2TA30°CIJN3L4dVYOY HIIM

ZIAMINIXL =2 XL1IX3N

2231 = TAMINIXL
3873

JLIVYN3D / 371IS¥344N3 =3 TAYINIXL
N3IWL 0°0 < 31vEn3o 41
£3LVENIY ¢ AVO0T440 =3 OVOT440
Z3AVENIILCLMISITIA3Q [I)d31dVAY =2 31v¥E34l
£9E79L 7 TTSY3IS4NE =% LI¥BVYLIVO
£d « 371°¥344N3 =1 371S¥344N6
£(371S¥344Nn9 INOYOVIY
£¢4°S31A8 NI 3215 ¥344Nn8, 76 *, 4 INI3LINN
8 » 31VeN3D =% 3JLVYN3D
Z(3LVYYN3ID INTQVIY

£Ca(S/S3LAR) 31V¥ NI viva [,

1 X 7,7324Nn0S, “S :, . INTILTNM
HLREPS T L]
IX « 0L » F 4 00L » T =X WONG

£¢ a1 HINTOV3Y
2o 0 INTILTEN
INT3LINA
FIVLI¥ILSIC [I)431evay =2 LvliydlSIO
NIHL (SANOM¥L) QMY ( OVWWOC) = 1 ) 1
ZLVWCEa1S1Q°[II¥ILdYAY =% LVhON4LISIO
N1I93®

00 [%)3J28N0S“CrI3J2IA30/[IJ¥3LdVAY HLIF

00 S3J¥NOSJOWNN OL | =3 X ¥O4

£¢aQI & 4 13X 4, 3IENOS viVvVa, “S

2(S3IYNOS4CANN INTQVSY
fCL P 7, 3JIA3Q KNI S3D¥NOS VIVG 40 ¥38WNN,
“% T, 4 INT2LTEM

£31veN241 / C°L =% 3IWILAYOT
I8 % 3J1vNM3I4L =3 3Qvid3dl
£(31vM¥241 INIOV3Y
£C,7(S/S31A6) 21ve O/1 ¥3ldvOY 04 33IA30,
7% 4 4 INI2LTNM

£(aI INTaVY3Y
{0 CYVHY 92=>) 01 33IA3C, “% *, o INIZLTEM

669
169
969
$69
969
£69
269
169
089
689
13:37
489
989
S$89
789
€89
289
189
oe9
€L9
849
L9
929
$49
%29
€29
L9
129
049
699
699
199

659

130

i
|
i
:

e ———TLR | A T -



ety S~ W A o Taoamstme 0 5, T p - e ; S - P - ™ S AN QN S I TRt ——r

L 9 0L L=F ¥04Mi ) fam3 8§92

[ ()¥31dvQV HIIM ] fON3 192

[ (N3d0)LON 41 ] fan3 592

C ¥ ¥04 ) fON3 $5¢2

992

fON2 £02

20N3 292

‘¥ld =- 3 192

‘¥lc =: IN3H¥N)D 09i

f¥1d = LXIN®LUINIHEND 6S¢

‘6 =% 80dd . ¥id 8S¢

vy = Qi°,¥1d 452

INIILTEM 98¢

£¢ 8 INTQY 3N §S¢

£0. & ALITIRVAONG,)NIILTE™ 117

INTILTEN £S5

NIo3@ 282

3573 1S

) . aN3 0S¢
1IN =t ) 69¢L

- £(¥1d) 2504510 §%¢

AN =1 SXIN*LAINIBYND L9

NID38 992

=2 N3HL € 0 = v ) 41 . $9i

- £0 ¥ INIOYIY e
e £Coi QI ¥3IAIIDIB,INVILIG™ £9¢2
¢ “ (¥1d)=3N 292
= NID3E 192
- 00 TIN <> 2 IVINA 094
©a 654
£ 1o £ON3 8¢
O O £INIYYN) =3 ) 152
‘@ =: BON¥d VINIHET) 9€L

Y =1 QI°yIN3¥¥N) (397

¢ 8 ) NIV 952

£Csé ALITIPYBONd,INIZLILA £52

NI93@ 2L

3513 152

an3 0il

£INIEYN) = L1SHI4 522

21N3IVEN) =t 3 822

£UIN =t INIWNND L2

N193@ 924

NIHL (0 = v ) 41 S22

IN13LTEM v2¢L

20 ¥ INIQY3IY i

£(o(1SI7 GN3 0L 0 ) & 300D QT ¥3412334,)N13LTeA 222

(wZiNJ¥END =: JSY¥I4 {(LNIYYNIIMINe) L2

71S¥I4 =1 LIN3I¥¥ND 02¢

6L

£Co°1577 3HL 3137dW0I472%, ,IN13L1I¥A 11V

£(, 0L QI ¥O4 O ¥3UIN3 *| OL T¥NB3 ¥> NvH! §$37, L

72ty JINTILINM 912

£(,H3EWAN Y38 ¥ SY N3AID 36 LSNW ALITIBVEONZ 3HL, Sie

7234 WINT3LINA LAY

131

. Eo i RTINS - X



INTI3LINM
2Caty 72 1 24 ¥31cYAVINTISLIEN
INTSLTEA

NIv3E

00 [IJY3ldvay HLIAM

0C S¥SLAYOVIOWNN OL ¢ | + QvaWd)) =: I ¥OJ

NiT38
N3HL SXuNN¥L 41

fON3
$ AVI3QLI0LT[Id¥EILdVAY
P AVIIALONI*(ID¥3LdYAY
LRGEL
2¢ [1J¥3idvay HIIM
GG CYWKO0) 01 L =% I ¥O04

fldW3l 4 AVI3CUIXIY4
HITLESY

ZCN3
fON3
FAYI3QLONI [I)N¥31aV0Y =% |dw3l
N3IWL AVI30LAON3I*[IJ¥31dvaY => Idw3l 41
ZAVI3QLCONI*[1)431dVAY =: [dk3l
£90-39°1L ¢+ 60-30"% » dW3l
4 ‘¥I130LTud " CLOVYNWOIILHCSINILAYAY =7 AVI3ICLONI*[TI¥31dYAY
N1938
00 CI1)¥31dYAY HIlK

ZLVHOY4LSIOT(FIY¥31avAY =2 dk3l
N3IHL LYWOMJLISIC LrI¥3LdvOY => dW3l 41
00 OYWW0) 04 4 =% [ ¥O4
ZLVYNONSLSTQ [(I)¥3LdVAY =% 4W3l
NI93@
00 OVWNWO) 04 | =2 I ¥04

fON3
£90-39"L ¢ 60-30"% » (LvWOBJ.CZIOQ°CCL-TJ1¥0SIHILdVAY
- LYWOX4LSIC CCIILIEO0SI¥2LdVOV)SBY
4 AVI30LIEd CCL=-1T74¥0SJ8I1evAY =3 AVI3ALI¥S CLTIILYOSTIN3LLVOY
3873
Q0-289°N = AVISOLINA ([I)1¥0SI¥ILLVOY
N3WL L= 1 4]
NID38
00 [IJ¥31dYAY HAIM
00 GVWWO) 01 L =3 I ¥04

fON3
1 =% [9vJ1¥CS
f1d [1J¥ALdVOY =1 ¥
NIS38
00 Ovkw0) O1 | =% 1 ¥04
0 =2 ¥

f0°0 =% Ldw3l
IC°C =3 dwi3l
20N3
[ S¥31dvOy 4C &NN 0L I=1 ¥04 ] QN3

§£2s
x4
28
026
L8
5l8
ZLe
SLE
SiLs
7L8
fie
aLe
LiE

1 1.7]
6L
96¢L
S6L
764
64
262
(X 74
06¢
68L
86L
L6
98¢
SeL
YEL
6L
(421
182
0RL
el
8¢
Irys
Sl
s
"ee
£
2L
b2
0L
694

-——— . ———

132

— .y T A SO | A T



o

H
"0

£(4(J3S/S31A3) 24vd N39O viveo [,
ZLIX7,3320¥8N0S47S%, JINTILTEN
HURESSS 1]
3 ¢« 0L = 7 « 00L » I =: WANQ
20 aI )NTav3e
2001 4 “13X 2,30¥NCS VAVO,.’5%, (INISLINM
INT3LIEN
ZIVINSLISIQ (IIN314dYAY =3 LVI¥4LSIQ
NIP3E
CO [>J32¥NNS CFI3ITASC (IIN2LdVYAY HLT™
0Q S2J¥NOSJICNAN D1 | =% X ¥04

£( S3J¥NOSICWNN INTAY3I¥
ZCLErY, 3)3IA3Q NI S3J¥NOS Viva 40 ¥3IBWNN,
9%, JINIILTEN

£31VH¥341/0° 1L =% 3WI1QVOD
8 » 31VHY¥IAL =1 JAVHNI4L
f(3AvN¥241) NIQV3IY
£{9*(I35/531A8) 31VY¥ O/1 ¥3ldvay 01 3J1IA3Q,
793, WINT2LIMNM

fC CI INTQV3N
fCa(HYHI 923>) QI 337A30,79%, INI3LINN
NID38
N3IHL (N340)ION &l
£38v4 =1 N340
N3HL (44 = [1]dS3Y¥) ¥O (,), = [L]dS3¥) 41
INTQV3NZ, 4 <> [L3dSI¥ TTAINN ([L])dS3¥) aQV3IY L1v3a3¥
£0s G3SOT(Y ¥C N34(0 SNIVLS 3IIA3Q,79% 4 (INTILINR
£(y NOl1dI¥IS3Q ,
“2:07, 3ITA3Q 72717, B34dYAY,“2: 4 JINTILIYA
INT3LTNN
Z3N¥L =% N340
N1938
0G [F332IA3Q°(II¥31dvAY KLIAM
Ni®3E
00 % 01 I =: I ¥C4
INTI3ILIEN
fC 1JA¥13¥ ) NIOQV3d
(499 0L 0 40 L.HVY 3HL NT ¥31dVAY HIVYI ¥O04,752%, JINTILINMN

JEIENNAN FNDINI. Y 33 L3Nk CIHL ¢ INNOD AMLI3¥ ¥3LldVaAY ,
7% WINI3LINN
INT3LINA
INT3ILTHN

190=330%2 + 67-30"Y + [ZIHLONITYNNYL =i AVI3Q2XI4
£(24 INTQV3Y
CaAVI39 ALI¥OIE: 3L¥NIAVY OL C3SN SI SIML, 2%, JINTILIEM
W20 =N "ST/mY04 d39LUINT NI 3IATIO 1 ALI¥OINd ¥31ldVOV,
2% WINI3LIMM

INI3LINN

ICLVLINALSTIC INTQY3IN
(o % 2 ¥NNYL 40 ¥31dVAY | ALINMOINMd LOWY L4 NI 3INVLSIQ,
2% 4 WINTIZLINM

2SE
LSE
os8
678
9%
%%
9%
$98
798
£9§
2%
L96
0%6
658E
L6
458
9¢8
sEe
7886
£€6
258
LE6
0fs
628
628
28
28
$28
9728

133




i

Y

- -
5,
rdw

2 AN

fCsi ALINIOYVECEQ N3 LTR"
INT3 LT
N193e
3872
ON3
£(¥14)3SCES1Q ZTIN = )
£AIN =1 LX3INTLLINIYEND
NID3E
N3HL 0 = v 41
£ ¥ INTOV3Y
£(eC1SIT ON3 0L 0 ) & QI ¥3AISI3WINTISLIUA
f(Elc)P3IN

NID38
Ca TIN <> ) 3TIHA

24aN3
ZIN3¥Y¥N) =% )

= B0¥d VINIWYUN)
fy =2 QI°VAIN3NYEND
Z( 8 INYOV3IY
fC0ei ALITNTEHVEONd,INTIILIEN
NI®3¢
2873
aN3
ZAN3¥END) =% IS¥I4
£IN3I¥END =% )
ZAIN =2 IN2¥¥N)D
NID22
N3dlL 0 = Vv 41
INTILIEN
ZC ¥ INYOV3N
£C¢o(LSIT ON3 0L D ) L 3000 O ¥ZAI2I3IW,INT2LINA
£1S¥I4 =% IN3Jg¥N)
0°2 e
0 =t ¥
£Co1SIT NSINI4 O QI 04 O 35N *30vw 38 T71IA,
2% WINTILTINM
fCs ALINIGYEOY¥d “SHIAIIIIY 40 ISIT v 3¥0438 SV,
7234 WINI3LTER
NIZ3E
00 [X)3J¥NOS*CrI32IA30°[IJ¥3AdYOY HIIA

-]

LIAYINIXL =2 XLLAX3IN

2231 =% TAEINIXL
3s"3
JLVYNIOD / ST1IS¥244N9 =3 TAMANIXL
N3HL 0°0 < 21vyvN39 41
£31Y¥N3ID ¢ QY0440 = QVOT440
f3IVEYIALTCrISIIA3Q CIINIL4VIY =% JLVEESSL
Z96E91L 4 371SE344NE =3 LINTBVIVAE
8 & 31ISH3IIINE =% 37ISEI44NG
£( 371S¥344N8 INTCGVSE
f£(e2530A8 NI 371S ¥344N6, “S%, (INIILIEA
£6 » 3ILYUN3D =1 3JAVENID
£(¢ 31V¥NID INTQV3Y

£€o
te
I1fe
0fe
626
26
26
926
S$26
%26
£26
226
12¢
c2é
6:+6
§le6
Lib
Slo
Sie
YL6
fle
2ie
tie
Cie
606
806
206
906
SCs
206
€06
20s
106
006
668
6686
L68
Q6%
S68
766
168
268
Lé8
068
688
886
928
9R6
S€s
7€86
€86
<68
LER
0se
¢l8

134



2

ZAON3
Z0N3
fAVI302QN3[TIN¥214YAY = Ldw3l
N3HL AVTI302ONZ°(I]¥31dYOY => |dW3l 41
SAVIIUZANST[IIN3LevVAY =1 LdW3L
190-39%L ¢+ dh3l = 60-40°9 +
AVI3Q2I¥d " [[SY¥31dvAVIONNN]LLE0SIY2LdVAY =2 AVIIC2ON3I“[IJ¥31dvVAY
NID38
04 [IJ¥31dvaAY HLIM
SLVINALSIQT(rJy20dVaAY =2 da3l
N3IHL LYLIN4LISIO CrIy¥31dvOyY => dW3l 41
00 S¥3L4VAVIOWNN OLl GYwWO) =% [ 804
SLVINILSTIQ(II¥IAdVAY =% dW3l
’ NI93e
+ 0G SY3L1dYAVIOWNN 01 AVWAD) =: 1 ¥OJ

’ £0°0 =! LdwW3l
- 20°0 =% oWil
o 2GN3

190-39"1 + 60-30"% = (LVI¥4LSIO®CLL - 2JLLMOSI¥ILdVOY
- LYLl¥4LSIC°ClIDLLINOSI¥SLdVAY)SEY
¢ AVT3QZINA CCL-IJLLI¥0SIHLdvaY =3 AVIIQZING CLTILLIYOSI¥ILaVAY
3873
90-38%°0 =% AYIIQZINd"[[I]LANOSI¥ILVAY
N3HL ( QYWWO) = T ) 41
NI93e
06 [CIJ¥31dVAY HIIM
00 S¥3LdVIYIOWNN 0L AVWWOD =1 1 ¥0J

saN3
£1 =t [¥1L1¥0S
f£0 L - QVWWO) ) + 2d°[IJ¥31dvQY =: ¥
NID3a
00 S¥31dVAVZOWNN Ol OVYWWCI =! I ®04
0 =z ¥
NID38
NIHL SYNDN¥L 41

ZCN3
f0N3
fAN3
JeN3
2ON3
QN3
QN3
HOLE]
ION2
‘¥1d =1 )
fyld =3 IN2¥¥N)
f¥id =% IX3INTLAINIENND
‘8 =7 G0¥d" ¥1d
fy =1 QI°.¥1d
£( 8 IVIGY3E

8¢
i86
98¢
Sfe
b4 -
-1
28¢
(3:1
0%e
66
86
eds
940
Si6
226
£26
2L6
Lle
028
696
§%e¢
96
996
Sve
*96
£9¢
296
L9e
0%e
6S¢
656
LS6
$Se
$Sé
956
ise
41
156
0Seé
6%6
§%6
L%6
9%6
S%eé
796
£
296
Lv6
0%¢
656
Bf6
ife
956
Sfe
7t6

135

|
1
|
|

e e s ——



|
N3WI N340 10N 41 £901 |
£3NyL =3 N3O 2701 \
3512 1901 H
35vd = N340 0%0i _
N3WL (o4, = [11dS3¥) ¥O0 (.4, = [LIdS3Y) JI ¢SOl N
£(37140)K7QV3E £, . <> [1]1dS3¥ TILND §501 H
(L114S3¥ #37143)0v3N 1501 |
1v3id3y 9£01 |
N1938 s€ol |
00 [FJI3)IA207C11¥31dVaV HLIAM 2501
N1936 ££01
00 % 0L L =%  ¥O04 2101
LE01L
[ SNOTAdI¥IS30 3IIA3IC TVNAIAIGNI NI93G ] 0£G1
6201
fuN3 §I01
ZAYT3IQZON3 + AVI202XI4 =3 AV3302401 2201
e ‘90-380°2 + 60-30°9 » [ZIHLONIINNYL =3 AVII02XId 9201
- (A¥13C20N3 “3714Q)NTIV3Y s201
i (A¥130218d “37140)NTQY3Y 7204
p f(LYL¥41SIQ “3T114Q)NTOV3Y i2o0t
NID38 2201
> N3IHL ( QVNWOD = I ) ONv ( SXNNuL ) 41 1201
£¢ 122813¥ “37140)NTQV3Y 0201
2 ¢ A¥I30LON3 ¢ AVI3GIXI4 =3 AvI3QLiCL 6101
) £90-380°2 + 60-30°% * CLIHLIONITIANNYL =3 AVI30IXIJ siL0l
) | AYI30LON3 “37140)NIOY3Y 2101
a. ‘¢ AVI30LT8d “37140)NTIAVIY 910t
CLVWO¥41SIQ “3714QINTOYIY SL01
L N1938 y101
) 00 [IJH¥31dVAV HIIR £101 NS
s N1938 210l ™ |
00 CYwWO) 0L L =% I ¥C4 LL0t — i
£( OVWWO) “37140INTOV3Y oot |
) £(S¥ILVOVIONAN “3T140)NIAVIY 6001
s001
£CCITHLAONITIXNNNYL “3TT140)NTGVIY 0Q SXNNYLIOKNN OL | =3 1 ¥04 4001
) £(SANNYLIONAN “37140)NTQV3IY $001L
sool
£(27140)1353¥ 2001
' (*2(0707,41¥3530,7371140)N3d0%) £001
N193€ 2001
tANdNI3TTY 1001t
' 0001
[ 3SV) 3IAILIVEZINI ] fON3 608
£371303L010%3Y 86
L60
966
See
£aN3 766
ZON2 £66
¥1302XT4°[1J831dV0Y + ldW3Ll =3 AY¥1302101°(1)¥31dvay tée
214W31 =3 AVI3G2ON3°(I)d514YQY Lbe
| N1I938 O6e
00 SY¥31dYQ¥4OWNN 01 JYWA0) =% 1 404 666
. . ' . A ’



.

s

na

.
H

anN3
f(¥1<) 3S0d°1Q
LIN =3 LIX3NTLAN2¥NND
NIO3E
N3KL 0 = v 41
£V “37140)NY0AV 3N
Z(dildIN3N
NI93E
00 0 <> v 27IHM
78 =1 B804 vINIBEN)
v =2 JI°LAN3I¥NEND
Z2( 8 737140)NTQV3IN
NIO38
isn3
aN3
ZAN3¥END =3 AS¥WI4
LAIN =3 ANINLMRD
NIO36
N3WL 0 = v 4.
0V “37140)N70v3Y
Z1SHMI4 =% ANS¥END
NID3E
[(»¥)3¥N0S CrI3IIA30°C(IINILAVAY HLIIA
ZTAMINIXL =3 XLLIX3N

2231 =7 TAWINIXL
3873

JAVEN3D /7 3T71IS¥344N8 =3 TAYINIXL
N3F1 0°0 < 31V¥N3ID 41
£31VYN3ID + AVYCT440 =2 QY0440

ZI3LVE¥3IALTCCIIIIAI0°(IIN3L4VAY =2 JLvHN3SL

£¢ 1I¥I8vlive ‘371140 :NICYV3Y
£(371IS¥344N2 “3T140)NTQVIY
£(ILVENID “3T140)NTQY3Y

£(0I “3714Q)NTCYIY

20 WANG “3714Q)NTOVIY
ZAVIMSLSICT(II¥3LcYAY =3  LVIM4LSIQ
N3IH1 (SXNNEL) ONY ( OYWWOD = I) 41
LYWO¥JLSIA [IJ¥ILdYAY = VROt 31S1Q
£387vd =% N340

N19:za

00 [X)3)¥NCS/C7I32IA30/CIJ¥31dvdY HLIM

0OC S3J¥NOSJOWNN 04 | =% X ¥O4

£(S3IYNCSIORNN “37134A)INTAYSY

f0°C =: 3WILGYDD

3873

J1vEb34l /7 0% = 3WILAVOT

N3HL 0°0 <> 3:vu¥3dl 41
£(31vd¥341 “5TT4CHINTCY Y

£¢GI “37140)NTCV3IN

NID5E

8601
L4501
601
S601
76C1
f601
260t
L1504
0601t
6801
ER0L
4801
9801
S801
2801
£801
2801
801
0801
6201
5201
L2001
9401
sa01
7201
£201
2201
1201
nuci
6901
6901
4901
9901
S901
7901
£901
2901
L1501
0901
6501
eSOl
45018
§s01
ss01
9501
£50
250t
Lsol
0sol
6701
%01
2901
9901
$901
201

137

-
-~



0Q (XJ3I¥NOS [FrI3NIAIC (II¥3LdVYAY HIIM
CO SZJI¥IOS404ANN OL | =% X ¥O4
2( S3II¥NOSI0ANN “37140)KHTQV3IN
£0°0 =: 3Wllavol
3$73
S1vH¥34l /v DL =% 3WILAVOY
N3H1 0°0 <> 3.vy¥34dl 47
£C S1lvdd3dl “3714C)NTAVIY
£(CI“3714Q)NTQY3IY
NIJ38
N3H1 (N3d40)ION 4I
£3N¥L =* N3dO
S asna
3S7v4 =3 N340
13JdS34) ¥0 (.4, = [11d734) 41
(37140)NT0v3IEY, 4 <> [LIdS3N
TUINN (CLIdSTH737140) Cvaw
1Y3d3¥
NID38
00 CrJ3)IA30°CII¥31dVOY HIIM
NIS3E
00 % 01 | =% f ¥O4

N3IHL (.4, = [
.

(+ SNOTIJI¥IS3Q 3IIA3C TVNATIAIGNI NIO38 »)

£¢ 1JA¥L3¥ “3714Q)NTQVY
ZAVI302AN3 + AYT30ZXI4 =3 AVIIQZiO0L
190-360°2 + 60-30°"% » [ZIHIONITIINNYL = AVI30ZXI1S
£( A¥TI3020N3 “3714GINTQY3IN
£( AVI3021Ib8d “37140)NTQV3Y
£C LYL¥4LSIQ “371<0)NTQVI¥
N193e
00 [IJY21dvaV HWLIM
NID3E
00 SY3ILdYAVICANN O ( L ¢ QVWW0I) =: 1 ¥CSH
NID3E
H3IHL SXNNNL 41

[ St3idvay 40 HitN OL =1 €04 ] ZGN3
[ (O¥31ldvaVY KLIAML ] Z0ON3
C 9 0L =7 4G4 ] fON3
[ ()32IA30°()¥21dYAY HIIM ] fON3
[ (N3dO)LION 41 J I0N3
[ S3J2¥N0S 40 WNN OL 1=3X ¥04 ] 2ON3
QN3
IGN3
HULE]
fAN3
f¥ld = IN3¥¥ND
f¥ld =1 LXINTLININEND
/€ =1 GO¥d°L¥Id
iy =3 QI°.Hid
£¢ 8 “37140)NT0V3IY
NI938
ERRE

£SLi
2Sit
I1set
oSt
6711
BYLt
FANY!
9Ll
SYLL
?7?*i
£
27l
7Ll
o7t
(331
BLLlL
riga}
SELl
SgEil
7€l
£ELl
2€Ll
e
ofiLi
6ZL1
B2L1L
2Ll
1243
sZiLi
22il
£21
22Ll
(2434
ozii
6LLl
BLLL
Ll
gLl
Siti
il
£l
2Ll
LELi
ottt
6011
§0L1L
011
9011
SOLlL
701t
£0L1
20L1L
0L
0oLt
660!

138



VN
-

o

!

LREE N St

-y

N e

ZON3
ICN3
f£aN3
QN3
HULE
fQN3
fON3
Z0N3
f¥ld =% AIN3NEN)
f¥ld =% LIX3IN"VIN3¥NEND
‘8 =% GO¥d" Hid
v =% QI°.uid
£( 8 “3T14Q)NTAVIY
NI®38
ERRE]
aN3

£(¥2d)3504S510
ZVIN =3 AX3INTLAIN3¥END
NID38
N3HL 0 = v 41
¢ v “37140)NT0V3Y
£( ¥ld HMIAN
NI938
00 0 <> ¥ 37INA
{8 =: BO¥d " iN3WHEN)
Yy =3 QITViN3¥NND
£¢ 8 “3714Q)NTGYIY
NID3E
35713
ON3
ZAN3YEN) = 1S¥14
LTIN =3 ININ¥ND
N1938
N3WL 0 = v 4
20 ¥V “37140)N dV3N
ZA5uI4 =3 LNIWNND
NI®38
0G [X)3J¥NOS CFI32IA3Q°[IJI31dVOVY HILIM

LIAYINIXL =2 XLILAX3N

22301 = TAMINIXL
3873

JAVYNID / 3TIS¥3I44NE =1 TAWINIXL
N3INL 0°0 < 31v¥N3t 41
£ILIVENID 4+ GYOT440 = QY0440
£C 1IYIEVLIVA “3T140)INTA¥3IY
£31VH¥34L°CrI3IIA30°CIINILAYAY =% 3IQVHE3IL
£C 32IS¥3II4NE “3TT40)INIGYIY
£( 21VEN3D “3T140)NT0VIY
£¢ a1 “3714Q)NTQV3IY
Z(WNNG “37140)NTAVIY
ZAVAINILSIO[IINILldVAY =7 Lvi¥4LSIO

NI®3®

s0zi
4021
oA
sozit
%021
fo2i
r4er4
Lozt
ogat
66Li
8511
Lokl
9611
séiLl
*6Ll
f6Ll
2641
sl
06t
8L
ssLl
i8L
121
SetLt
¥eLl
£
colil
L8l
ostil
621k
821t
Ll
9Lt
SZLl
L 73y}
£211
2Ll
L2
0Lt
6%L1i
8oLt
L5t1
99il
SoLt
LAY
£oLt
291
Lol
0%L:
6SLL
BStLL
251t
oSt
sStLi
LA 1R

139

(¥



£Cs 2 L XNNMI NO AVI30 ALINOIN ‘Y f, . 7ANOXNY)ILiIbN

ZCANCXNY)INIILTI NN

H O
£Ca%y 72 1 “.% ¥31dVOV, “ANCXNY)NTIZLINAN
ZCANOXNY)INIILTYA
ZCANOYRVINTILTINN
N1938
00 [IJ¥31dvaV HWLIN

-\ﬂ cI'CI.I.....C.C.....'C..C..I..IC..CCC(.I.II.Ci.......‘....-
00 f, 4 CANDXNV)INIILTNR
sses .
2e s ZANOXNVINTIILIEA
ZCANOXNVINIILIEA
o ZANOXNVINIILINA
v o “ANOXAYINTIILIEN
ZCINOXNYINTILINN

svens

(e sssns

‘04

20 I 7. M3idVaY, ‘IS
Z(WNOILAINISIO NUOML3IN « 0L

- e
-

S

ssesuns .

‘0L 24 o “ANOXNY)INIILTHM

(PP B s N s NI NN I NI NN E NI IENIINIIII IR IISIEINIEIINNISS,

“0F %4 o “AMOXNYINTIILINA
LCANOXNAVINIILTINA

Ssssens

(> sessns

K1938
00 GVWNO) Q1 | =% 1 ¥O4
ZCANOXNY)ILTHRIY
(¢2(Q707,LNOXNY,“1N0OXNYINICO»)

3¥NQ320%d ] NID3E

C NO1LdIN¥IS3O IANIW

HELEPU I B R NS b IS B S B §

YVA
—,......C.l.l.l'..CI....CC.Cl.i.".!.l.li..’l.' ...iIU
4 “3714 INGLINO-XNY NI X¥O®L13N ]
L 3¥TINI 3N4 40 NOILdIYIS3Q 3IHL SINT¥d b]

INOTLJINIS3QLININING 3¥NQ3I08d

sssves)

Ssssesnn

{ YUOALI3N ITIMILIIVHVYHI 34N03I0¥d ] fON3
[ 3Sv) ] faQns

[ 3SvJ LNdNIT2714 ) fON3
QN3
2aN3
19N3

£921
4 T4}
1921
0?21
114}
8521
2521
9szi
$S24
2521
£s2!
22t
1Szt
osZi
62t
821
%21
9921
s$Y2i
7921
£921
2921
(504}
09214
3174}
Civd!
2121
952
1174}
1£21
£L£21
2121
g2t
ofzi
6221
82Z1
2221
9221
szzi
y2zi
g2zt
222k
L2z
ozzi
(1%43
gLzt
rAY4)
9121
5Kzt
2121
12t
454}
Lzt
cLe
6021

140

(&

|



\

\

A

| TRANTES SR §

als

f(.S3148 , 0 8% / 377S¥344N8 “INOXAYINIZLINA
£, *37IS ¥244N8, “9€ I, 4 “LNOXNV)3LATEM
NNNG 7, ¥38wNN 3JIA3Q, “9C 4 o “LINOXAVINIILINA
201 ‘28 t4 o ZANOXNYINTISLINA
NI®38
0C [¥)3J¥NOS“CrJ22IA30°(IJu31dvay HILIA
00 S3JENOSJONNN DL L = X ¥O4

90y

£(f *S3JUNOSJONNN “LINCXAVINIILINA
£(43S30¥N0S ¥iva 40 ¥IGWAN, “2§ i, o+ “LROXOV)ILPINA

200238
“2 2L 3WILOVOY 4, :I3WYIL Q¥O0T, “2€ i, . “ANOXNVINIILITNA

£Ce ISS/SILAE 4 72 2L R /7 31VEY¥34L ZLINOXAVINTIILINM
£(.230VY WIISNVEL SNE D/I, 728 3, o “2NOXNV)IILIGA

RENS L]
NIS3R
N3WL (N340) ION 41
£(,335973, “ANOXNY)3LATEN
as3
ON3
f{«N3IdO, “INOXNV)INIILINA
NI938
NIHL N3O 41
£Cs *SNLVES , “2 %, 4 “INOXNV)3LTNN
£€Z F 4 35TA2Q, Y I, , “LNOXNV)ILTEM
£CANOXNYINTISLTEN
K193e
00 CFJ3IJIIA307C1I¥2LdVAY HIIR
W193€
00 Y 04 | =: r ¥O4

2401 72 fy-=, “iNOXNV

OF Flwn 4

C SNOILdI¥IS30 3ITA3I0 TWNGIAIONI NIO3E ]

ZON3
200338, ‘4 6 * AVT302101 “ANOXNVINIILTAEA
f.¢ Y 2 NNNML KO AVIIC IVLIO0L.“9:, (7ANOXNY)  ILT¥A
200338, ‘¢ %6 % AVI3AZXI4 “LINOXNY)NIILINA
£Cy TAVIIO Q3XX4, ‘%%, L7ANOXNY) 3LIEA
£0s23S¢ “L 6 % AVII02I8d “LNOXNYINTILINN
£Ce P 2 YNNEL MD AVIIQ ALINOIRd. %%, ,7AN0OXNVY} 3LTWR
Z(ANOXNY)NTIILINA

NiD36

N3IWL ( OYWWOJ = I ) Qav ( SANN¥L ) 41

£CE% AJA¥L3Y¥ “ANOXNVY)INIILI NN
£C¢: ANNOD AWLIIN ¥3ILAVAY, “9%, 7LNOXNY) 3LINm

2045338, 7L 36 TAYIIGHLIOLZANOXNY)INTILT NN

£Cs % L XNN¥L NO AVI3QTIVIOL, “9%, +7400X0V) 31T¥m
204338, “2 6 T AVIIQLYI4 “ANOXNVYINTIILIEAR

fC TAVI3Q 03XT4, “% 34 4 “LINOXNV)ILINA

104338 4 ‘2 %6 3 AVIIQLINE “INCXNYINTIILTINR

Sig!
A3}
gLl
sitL
71€1
fifl
Zitl
Ligt
oifl
6031
s0st
2051
081t
Sosl
y0€1
£0€1
2081
Logt
acsgL
6621
8621
L6241
vezi
s62)
v6214
L€t
262l
621
oézlt
6821
8821
2821
9821
s821
78218
£82t
2821
1821
o2l
621
8221
4220
9221
szt
22221
221
2221
Lees
021t
6921
goz1L
9z
9921
ss21
921

141



_
_

P R . L— -

o= 7
ety #2717 , # ¥3ILdvVOVY, “INCXNY)INIILINA
£CINCXNYINTIILIEA
S(ANCXNY)INTILINA
NI®38
00 [IJ¥3LldVaY WLIE
sSssen sases sSssen
0L, ,“INOXNVIKIILINA
-hﬁ-IC.‘C.CCIC.‘l.l'CI..I.".C..II.C..ICl.. . .
“0L3, +“INOXNVY)INIILINA
ZCINOXAVINISLINA
£¢ €1 4, ® W3IL4VEY,C4E3, LCLINOXNV)INIILINR
ZCyNOILJINISIO NYOMIIN +“0L%, +ZLINOXNY)INIILINA
Z(INOXNVYINTIILINA

ICawse

Sensssssss B, e

HEEL LT L L L A L

.
«LIN0XNYINISLINA
Sssene
f7AINOXNYINTILINA
ZCANOXNYINTIILI NN
N1933
: 1 ¥od

NI®38
N3IKL SxNN¥L 41

H ssene sesesse

00 S¥3ILdVOVIONNN OL ( | + QVWWOD )

[ 1 404 ) fON3
£(INOXNY)INIILINA 00 § OL | =3 S WO4
[ ()¥314vVAY HIIAML ] fON3
L 9 01 L=l ¥O4 ] ZON3
£ ()3J2IA30°()¥IL4VAY HLIIA ] ON3
[ ¢N342)1I0N 31 ] fON3
[ 332ENCS 40 WAN O1 I=:X ¥04 ) ‘AON3
Qw3
HCLE]
ZIXINCLDY =3 )
¢ $:80¥d°vI’, ALINIAVEO¥d.“02:, +“ANOXNY)INIZLINA
£(£20I°v37, QI W3IAI3IIY,”LINOXNY) 3liwA
N1I93@ .
00 TIN <> 3 3IVINS
£1S¥I4 =% )
NID3E

ZCETWNNGY L3804 SITLYNIGVEOEd IAILIILSIN o
#,413M1 ONV S¥3IAIIIIY 3VSISSO,7ANOXAY) FiTEA

SCLINIBYIVEY, * AINNCY XIDT8 VIVE, “9€%, J“LINOXNV)INTILTUA
2Ced3S 0 7Y L PTANLNIXG
“e TTIVAMILAN] NOISSIWSNYNL WNARL, “%C %, , “ANCXRV)INTIILIWA
£(eS34aB  “2 6 § 7 IFAVENIOTIN]IIDNACS “UANOXNVINIILIBA
£y F31VH NOILVHIN3YD ViVO
2 M ‘.8 3JN0S, 98 . 4 “LNOXNV)ILTINR

il
734}
besl
[FA N}
692
§9il
2951
LA 29
13443
995l
£951
2951
19ct
0oL
[1319)
8scl
2551
9sii
331}
881
£S5
434}
(539}
osslt
(34}
I
951
91
13493
LAY
£
2
Logi
o*ft
(384
gigi
FA% 9
yifl
114}
1441
(344}
r444 )
1339
ogst
621
8251
250
9251l
1149}
v251
£2¢1)
2251
1349
c2ct
sitl

142




\- 4
(a8

1
3

21S¥14 =t )

N192€

0¢ [XJ32¥NST (r12)iA20°(1)a34dvay WLl®
f(iteNNQ’, 2904 S3IILINIPVEQEd 3AILII4TIN,
“, ¥I3ml ONY SE3AI3I3E 3TE1SSO4,7LNCXTIVINIILINA
204$23%, “Y ¢ IIAEINIXL
YAESANT NOISSIWSNYEL ANN¥L,“Yi%, ,“LINOXAY)INIILIeN
JAB, “2 6 13 7 ILVEN O ([AI3I8N0S “LINOXNY)INTIILIE"
fCe T30V NOLLV\ESNID wiva,
22 ‘.3 32N0S, “9E%, ,‘L1NCXNVY  2LT:%

£CaS2UAB, “ETE 7 STISHZI44NE “LANOXNVINIZLIEN
fCs *Z1IS e324NS, “9i8%, 47400XNY) 31Ty
£(Y: WNNCY, ¥IEWNN 3IIA3Q0, “9C°%, L7INCXNY)NIILIER
LCCI “2€%, J7ANOXNVYINIILIGR
NIZ36
00 [(»J3J¥NOS CrI3JIA3G ([I)e3ldedy MWLIIRM
00 S3IJYNOS040N 21 L =% ¥ ¥C4

£(f :SIIFNCSICWNN “ANCXNY)INIZL T a™
Z(a3S20MN0S vivwd 40 eZeoWNN, 7283, ,“L1NOXNY) 3Sila=

10423°
CZi2L3WILOVOTY 4, i3mIL QYOT, “28%, LCANOXNY)INIILINM

o JIS/SILAE , “2:20%% /7 3LeNMEZEL CLANOXNVIN (ILTum
(o 31VY ¥I4SNYHL SNE O I, “2€%, +7iN0OXNY) 3il¥n

2

0 0! “2%,--, “ANCX

LREFST L
Hivle
N3ML (N340)1I0N 41
£(,03507), “inoxnv) 311kA
3¢
an3
£(,N34d0, “LINOXNYINTILINAR
NiD38
N3IWL N3dO 41
f0s * SNUYIS, “2%, 7AN0XNY)  3LTNA
202307, 31230, 791, L71N0XNY) 3ILTuN
ZCANCXNY)INIILINA
N193@
00 [FJ321A30°(C1Je34dvay HLIIRM

£CE 2 LDAWLIY ‘INOXNYINTIIIINA

£Ce * AINNOD AWLI3I¥ M3LdVOV, 793, ,“1N0xNY¥Y) 31I¥A
£Ce$23S, ‘2 € IAVIICZLIO0LLNOXNYINIILINA

£Cs 12 XNN¥L NO AVI3Q VIO0L, “%:, ,7LN0XNY) 31l¥A
048338, ‘L 6 TAVIIOZXI4ZLINOXNY)INTIILINA

Q¢ 32 XNN¥L NO AVI30 Q3IXI4, “%:, ,“LNOXNY) 3LIMAN
2048335, ‘2 € TAVIIQZING “LINOXNYINIILINA

£Cs P T WNNEL WO AVI3I0 ALINOING, “9:, ,7ANOXNVY 311WM
ZCANOXNY)INIZLIEA

£271
L2
9§21
s271
"’
£271
Z27tL
274
ozri
(52}
Bl
'A%}
vivt
Sty
i1
firl
21t
(352}
0w
6071
8O%1L
2091
S0%1
1 1A}
00!
L0771
20%1
0%
0071
[(1319)
651
61l
ysil
1111
k131
fef1
439}
1111)
065}
(114}
88ct
i)
9311
3811
el
£681
419}
1134}
oegl
[Y39)
L 749}
2250
981
(744}
7251

143




£av3y ¢ B0yd
£SQNO0I3¥3JIA30 ¢ LlIml
f¥ISIAINT 2 S1 ‘74QL VLl VX ‘f )

¥YA
H......I S SRevansn LR AR L 22 I‘.IU
C ]
< SNOISSIWSNVY¥L L1X3N 1
C TILNN 3WIL LS3LIMOMS MLI® 3JDIA30 ST ¥LiIWL LIX3N bl
L *NOISSIWSNVHL LX3N TIINA 3WIL S,3)IA30 HIV3 J
C ONINIWYX3 A8 ¥3LLIWSNYHL LX3N 3HL S3NIm¥3L30 b ]
Z(SNOTLdI¥IS303I¥N0S *HILLIWNL SVAILX3NONIJ 3¥NA3I04d
C ]

[(vsvsses sssssssasvans)

AR A A S L R A S R LR 2]

ZON3
IWm / 0335 =: WHOJINN
IW QOW (2 + (1 = 0335)) =: 033§

N1938
9201 = W
2202 =)
62 = 0
1SNOD
A.CC.. LR R L R SsssnEn LA L R A R L R 2 LR
(»
(= L > Wa¥ > 0 40 39NVY
(» 3HL N1 ¥3IEWNN WOANY¥OON3SE ¥ S3LVINIVI
(»
V3N T(¥IDIUNT 0335 YVAIWYOJINN NOILINNAS
(=

(T L R

[ NOILdI¥IS30 ANI¥<E 3HNA3I0¥d ] fON3
QN3
£(ANOXNVINTILINA 00 S 01 | =% S wOJ
£0N3
fAN3
QN3
f£0N3
QN3
HCLE]
£0N3
ZON2
ZAX3N®L) =2 )
°( S BO0¥d° V)
“y ALITIBVEONd,“02%s +71NOXNY)INTIILIEA
£(E2QI"v)7, 301 MIAI3I3Y,7LNOXNY) ILT¥N
NID38
00 TIN <> ) 37IHF

*)
*)
*)
-)
*)

.)
.)

LE7I
8%l
Le7lL
GE71L
6271
8271
LYl
9471
St
2471
€271
i
Lot
0%
6971
6971
499
99%¢
S971L
7971
£971
2971
1991
09%1L
6Sv1
8svt
2571
9c91
SSY1
75871
€591
2574
1s71
os7t
6771
8%l
2771
9771
s9%1
7971
£791
ALY
L7921
or%1L
(134}
Figd
871
¢l
SEYlL
7871
€LYl
2E7t
(3%
osvl
6Z71

144



H. AR R R L L R R R R R R R R R “ens Sesne

C *32¥N0S OGNY 3JIA20“u21dVAV HIV:

C ¥04 NOILAINISIC X¥O%A3N NI N3AID S83AI3I3N

C 3761SS0d 4C 1SIT 3HL NO O3ISVE “Y3LLIWSNYNI

C AN3¥¥N) 3HL ¥04 ¥3IAI3II¥ 37819173 Nv SXI1d ]
Z(SNOILdI¥IS303I8N0S * ¥3L1LlIal ¥VA)IVIIIL 38NQA2I04d

C ]

A....C'C.'.C.II..C..I.......C.'..CI.'CI'.....CG ITET D]

(» Y2LLIWNSNVY¥L LIX3N ONIJ #) ZON3

2L 4 ATVILIVA =1 ATVLILIVA
£ o+ L1J21IWM =2 LDLIVA
£(S0-30°"0L = 308d) ¢ 3WwILlLIWVA =% SWILLIVM
2(S0-30°01L « 60¥d) + XlI¥3IN =% XIIX3N
NID38
N2H1 03Au¥3S3y 41
00 [S1)338N0S [QLI3IIA30°(VYL]E5LdVAY HILIM

00 [O01]3)IA30°[v1iI¥31dvaAY HIIM
00 (vi)d3ldvay HILIA

Z0N3

f3NY1 = Q3AY¥3S3IY
N3IHL (0 <> X1W0€4) ¥0 ((QL1 <> ) OGNV ([T7I9v140))41
00 % 01 | =% 7 ¥0J

NID3E8
00 ¥3ILLIWL HIIM
00 (YiJy24dvaVY HLIM

Z01 OOW WNNO“¥3LLIWL =% SI
Z0L ATQ (OOL OOW WNNC*33.11IW1) =% QL
/00L AIQ WNNG*H¥3L1LlIml =% VI

ZOXI30¥8N0S"CFI3IIA3Q°(II¥34dVYAY =2 ¥3LLIWL
N3IHL XLILIX3IN“¥311TWl > X1LX3N 41
00 (XJ)3)¥N0S/CrJ3JIA3C/(1I¥21dVAY HLIM
00 S3)¥NISJOWNN OL | =% X ¥I4
N3HL N340 LON 41
00 [F)33IA307C1Je31d¥0dy HIIN
00 % 0L L =2 T ¥O4
00 S¥3LdVOVIOWNN O4 | =% I ¥O4
f0°000L =% XLAX3IN®¥3L1L1IWL

(N)WE0JINN =2 EOBd
£357v4 =% Q3A¥3IS3IN

N1936

6Est
2851
1231}
SEst
7€
€Lst
2€s1
LESL
ogst
6251
6251
2251
9261
s2sit
L r41}
£2s1
2zst
L2st
ozst
6Lslt
151
LSt
9Ls1
1131}
7181
£is1
Zist
LIS
oLSH
60S1
5051
4081
9051
sost
20s 1
£0s1
20s1
oSt
oost
6671
B6%1
671
9671
s6v1
7¢%1
1671
671
(Y241
0671
6EY1
EEYL
2391
s9%1
SEYL
LR

145



£9v3y ¢ dhil
f¥393UNI ¢ % ¢ ‘L
HVA
(L L ssvssUssssssisssuBNENEY)
(» “NOILVHIQISNOD ¥3IANN XNN¥L 3IHL NO Q38NII0 .)
(» SYH NOISITI0) v LON ¥O ¥3HI3H® SINIWE3L3Q .)

INY3T008 ¢ NOISITIOIY NOILINNS

(sssvssnnsns L L T R LR R D]

(» ¥YX)Id ») :ON3
f£ON3
0 =% 18301
3§73
OVWW0) =% 1S301
N3HL QVWWO) > (00L AIO 1S30) 41
N2HL OVWWO) < Vi 41

70 =: 15301
3713
GYWWS) =% 1S3Q1
N3IHL QVWKWO) < (00L AIOQ 1S30) 41
N3HL GVWW0) > V1 41
NI93E
00 £S133)¥N0S"COLI3IIA3A (VLII¥ILAYAY HLIIM

ZON3
QN3
ZAXIN®VI =2 )
3873
an3
£7IN =2 )

f0I°v) =% 1S30
£ 3IN¥L =i QONNDY
N1O38
N3Nl 60Y¥d < EON¥d"v) 41
00 1IN <> 3 37IHA
1154814 =% )
NID38
00 [S1J3J2¥NOS"[CL1)3IIIAIA"[(YLIIYILIJYAY HLIIM
£(N) WYC4INN =% BO¥d
NIO93e
00 ANNO4 L1ON 3TIHM

£3S7v4 =1 ONNO4
{0°0 =% 80ud

[ H3AI323¥ v XI)Id Ol '¥NG3IDbd ] NID3E

VY :80¥d

/NY3T00€ :AONNOJ

Z¥3VIUNT ¢ X ep o3
YA

1€S1L
2651
Lest
0651t
6851
BESL
2861
9651t
s8si
7651
1151}
2Rst
Lest
08s|t
6451
BLS1
2L51
9451
173}
9251
£251
2L51
Lest
0481
69S1L
89S 1
951
99s1
$9S1
7951
£951
2951
1951
09st
6SS1L
8SS1
L5851t
9SSt
331
75s1
€551
28St
(339
0SSt
6951
EYs1
4981
995t
$9st
2951
£951
29st
LSt
0%si
[ 139}

146



fAVI302I8d + AVI302XI4 ¢ XLIXIN =% XLILX3N 6991

1 4 127702 =% 137102 L9914
¢ 4IQ3WIL + 34117702 =% 3411770) 9991

2L+ ATWLTT0) =2 ATTYLT0) 991

£3NY¥L =* NOISITICIV 2991

NID3E £991

00 [XJ13I¥N0S"CrI3JIIAIC CIIE3ILAdVOY HLIM 2991

0G0 [I1]¥31dYAY HLIIM 1991

N3HL 4I103WIL => ( XLIIX3IN = XLAX3IN“¥3LLIWL )SEVY 41 099!
Z(NOILVOVAONd » dW3i ) » 2 =: 41Q3WIL 6591

£C LVI¥4LSIO - LVI¥4LSI10°M3LLINL )SBY =2 dmil €91
N193€ L5911

N3HL (9W) ¥O (Sw) ¥O0 (9W) ¥0 (EW) ¥U (2W) ¥0 CIW) J1 SE91
N3HL 1 <> 00L AIQ WNNG"&3111IWL 41 SE91L

> NI238 9£91
- 00 CNJ3IYNOS*CrI3IIAIQ"CIINILLVOY HLIM £E91
00 S$3J¥NOSJOWNN OL | =2 X ¥04 2§91

N3HL (N3d0) ION 41 LE9L

00 [FJ3J2TA30°CIJ¥3LdVAY HLIIM 0£91L

00 % OL | =%  ¥O4 6291

00 SYILJVAVIOWNN OL QVWWOD =3 I ¥04 8291

NI938 L1291

3513 9291

N3 s291

£aN3 2291

fQN3 £291

£ON3 2291

AVI30LINd ¢ AVIIOLXIJ ¢ XLILIX3IN =3 XLILX3N 1291
1+ 137702 =% 13710 0291

£4103NIL ¢ 3WILTT0) =2 3WILTT0D 6191

21+ ATTVLTT0) =3 ATVLNI0) 8191

Z3N¥L1 =% NOISIT0IY 2191

(B EEL] 9191

00 [XJ3I¥NOS"CrIIITIAIQ CIIYSLdVAY HLIM SiL91

00 [IJ¥3L1VYAY HLIM 7191

N3HL 4103WIl => ( XLIX3IN = XLLXZN"¥3LLIml )SBY 41 £191
Z(NOILVOVJOY¥d » dWdl) = 2 =% JI0Q3WIL 2191

0 LYWOYILISIQ - LYWOM4LSTIO ¥3ILLIIWNL )SBY = dW3l Lol
N1938 oL9l

N3HL (OW) ¥O0 (SW) H0 (7W) BD (EW) 5O (2W) HO (LW) 41 6091
N3HL I <> 004 AIQ WANNC*¥311T41 41 8091

N1938 2091

0C C(X)358N0S*CrI3)IA30°[IJ¥Z1dVOVY HLIK 9091

07 S3)¥NOS40WNN OL L =% X ¥O04 S091

N3HL (N3d0) ION 41 2091

00 CFISOIA3Q°CIJI¥3LdVCY HLIM L0514

00 % 01 | =2  ¥04 209:

00 OVYWWO) 21 L =: I ¥04 o9t

NID3E 0091

N3HL L8l 41 6651

8651

£357v4 =% NOISITIOIV 4651

0°0 =% 4103wIL 651

£0°0 =: dwWil S651

NIS:s 7651

147



A
A
s
3
: ]
2
:
-

(e L3SVY ») Z0N3

f1 ¢ SLIN3LLVYTIVLIOL =% Sldw31lVYIVIO0L
£90-30°99 + XLIX3N =% XLIIX3N
3N¥L =% W
IXLLXIN = XLAVILINI
0 =7 Apl3¥
£90-30°1 =: AVI3Q
£3N¥l =% [S1]9v4S
£3n¥L =% [Q1]9v740
NID38
00 [S1J32¥NOS"CQLI3IIA3Q°[VLIEILdVAY HLIIM
00 [QLI3ITIA3C°CYLINILLVAY HLIIM
00 [vil¥3Lidvay HLIAM
N1938

fi3sv)

40 GNOJ 3SVY)

/0L QOW WNNQ"¥3LlLlIWL =
0L AIQ (001 OCW WNNG*4311IWl) =
f00L AIQ WNNO"¥3LLIWL =

s1
al
vi

£3S7v4 =1 ONNOJ4

£357v4 =2

v

f0°0 =% 1J¥7e

£IV3IY 2 LINTE “SLIB “308d “3WIL “dW3Ll “¥dW3l
£ NY3100€ * GNNO4 “V
Z¥3IO3UINT 2 0L “S1 ‘YL “Xx 70 X ‘T ‘1 “S¥ ‘08 “‘VY

¥YA

[y P R R R R R YYD )

(=

(s “3WIL NOLILYINWIS TIV¥3A0 ND N¥NL NI ONvV 3WIL
(= LIWSNYY¥L AX3N S,¥31dYAY NV NO S31V¥3d40 3SV)
(» HIV3 °*NOISSIWSNYY¥L 3IN3ND3S 3OVSSIW ONINNIF)D
(» =NO) SIILSILYLIS SNOI¥VYA S,¥31dvAY Nv ONILYQ
(= -dN Y034 3TEISNOCS3IY¥ ST 3INO HIY3 *34N0A3)04d
(= SIHL NI Q3NIVINODY S3SV) N3A3S 3y4v 3I¥3IHL

£C ONOIXJI0TD & ONOJ)31vdadN 3¥NA3I0Nd

*)
.)
-)
.)
*)
.)
.)

(L Y R YR YD)

Z0N3

(s NOISITI0IYVY »)

ZON3

fON3
ZAN3
ZON3

£021
20t
Lozt
00zl
6691
6691
1691
969.
S691
2691
£691
2691
LeS1L
0691
6891
6891
4891
891
Se9l
7891
€891
2851
189l
08914
6291
€491
251
9291
SL91
74951
£251
291
Levt
0291
6991
8991
4991
9991
S991
7991
£991
2991
1991
0951
6551
8591t
4591
9571
SSS1L
7591
£591
2551
LS9l
0s91L
6951

148

S ‘\@



‘0L OOW 1530 =@ S¥
‘0L AIQ (OO0L QOw 1%3Q) =: Q¥
{001 AICQ 1S3Q =: V¥
NI93E
3873
an3
ZON3

f3N41 =% ¥
N3INL  [7]9v7:Q 41
00 % 01 L =% 7 ¥04
NICc3®
00 [Y¥I¥31dVAY HLIAM

0L Q0w 15301 =% S¥
0L AIQ (OOL QOW 1S3QI) =: 0¥
00t AIQ 1S301 =: vy
21 4 LOW311VY2NML =% Ldw211V2NEL
N1938
N3HL 0 <> 15301 41
£0N3
fON3
£3N¥1 = ONNOJ
3573
anN3
ZON3
Z0ON3
£aN3
£3NYL = ONNO4
SWNNG =3 1S3CI*CSL1)3J¥N0S*[O0L)3IDIA3A ([viIN¥3LldVAY
NID3E
N3HL S0 > PONd 41
N1936
00 [XJ3J¥NOS*CrI3JIIA3I0 [AVYNADIINILAVAY HIIM
00 S3J¥NOSJOWNN OL | =% X ¥O4
NID38
N3ML N2d40 ION 41
00 [FJI32IA3C°[OVWWOIIN¥3ILdVAY HLIIAM
00 9 0L I = I ¥O04
N1938
N3HLl QVaW0) = 15301 J1I
NI®38
00 [S1J)3J2¥NOS°*COLIIIIAIC [VIIN¥ILJVAY HIIA
Z(N)WYOSINN =F SO0N¥d
NID3E
00 GNNOJ 10N 3TIHAM
NID3E
N3HL NOISITI0IV UON 41

NID3e
00 (S113J¥NOS*[AL]3IIA3C ([VIIESLIAYAY HILIIM
N193€
123svd

Z0N3

BS¢e1
PATAY
9541
sset
7521
£521
474}
szt
0S¢l
6921
evel
PAFAY
99¢1
sS4
LATAS
£921
2Ll
5704
0%21
6841
Civat
AvAY
9sLl
s€el
2821
€fLl
44}
(374}
oszl
621
8221
2221
g2l
szl
9240
£221
2Ll
1221
oLt
6zl
CAPAY
AT
9Ll
Skl
LATAS
ikl
2Lz
Lzt
oLl
6021
€021
2021
9021
S0l
2041

149



00 [(S¥JI3JUNOS [O¥]IIIIA3Q°[VYIL3LAVYOY HLIIm
215201 =% »v
N3IHL 0 <> 1S301 41

QN3
£009 + SLIBZINO) =% SLIEZINO)
£(dNYVYI ~ NMO¥YDI) + 3WILASNE =: 3WILASH
2(dNY¥VYI - NMQ¥YI) « 3AILOVYZY¥L =% 3AlL1DVZHI
N1936
3873
aN3
009 + SLIPLIND) =% S1IGLINOD
£(dN¥YI - NMOEV)) + 3INILASNE =% 3SWILASNE
Z(dNY¥YI - NRO¥VI) + 3IATLIVINL =% 3IAILIVINL
NID38
N3HL a9l 41

£35Sv4 =% W
£3NYl = W

Z90-30°€2 + (dNUYD - NWO¥VI) + XLIAXZN =1 XILX3N

Z(NOTLVOVION¥d » dw3l) » 2 + 90-30"24 + XILIX3N =: N®QN¥V)

IXLIX3IN =3 dNEY)

f{¥oW3l - LVINMILSIQ)SBY =: dW3l

3s13
(¥dW31l - LYwWON4LISIQ)SEY =% dW3l
N3HL Ix¥L 41
NI93E

00 [V1IJ¥31dVAY HLIAM
00 [S1J3I8NOS"(QL]3IIA3Q [VLII¥3LdVAY HLIIM

ZONZ
ZIVIN4LSIO0 =% ¥dW3L
3872
LYWO¥4LISIO =: bdW3l
N3HL IX¥1 41
IWNNCY¥3L1LTIAl =3 X1WOWd
£3N¥L =% [S¥]9OVI4S
£3N¥L =: [Q¥])9vI40
NIO3E
00 [V¥I¥3LdVAY MHLIIM
00 [O¥]I3IIA3Q"[velu2idvaY HIIN
00 [S¥J)3D¥NOS*"(08]3IIA3Q (VHI¥SLaVAY HLIIA

NI93e
N3HL V 1ON J1

ZON3

Z0N3
3Nl = ¥
N3H1 [T)9v740 41
00 % 01 I = 7 ¥04
NIO3e
00 [v¥l¥3ldVAY HIIM

£isl
1411}
181
oLt
6031
8081
L0381
9061
SCet
081
£081
2081
Los i
008§t
66l
86l
2620
96L1L
1 1.74 1
2621
£641
261
6Ll
06l
6821
6621
2821
9821
(174}
%821
€821
2821
L8t
081
6L
8221
Ll
9221
sl
2221
£l
2Ll
Y74}
0221
6921
6921
921
9921
(374}
921
€921
2921
LSt
05cl
6SLl

()




f£0N3
£90-30°1 =% AVI3Q
’ 3isn3
aN3
0 =% 1S3q1
{0 =% 1530
FAAYINIXL + XLLAX3IN =2 X1ILIX3N
£357v4 =3 ([SL1]9vI4S
£3587v4 =% [04]9VI4Q
£1 4 SIMOEVIVIOL =: S1¥0BYIVLIOL
Z1 ¢+ 101808y =3 1)iy08Y
ZAVI30SS3N ¢ (XLIVILTNI - XLIVYNI4) =3 AVI3ISS3wW
IXLLX3IN =% XL1TVYNI4
38v4 = 2W
3Sv4 = LW
NI938
N3IH1 LJA¥L3Y < A¥IL3N 41
2 b ¢ A¥I3Y = A¥LISY
NIO3E
ERRE]
an3
: AVI30
X11X3N
NID38
N3H1 90-30°6821 > AVI30 41

fAVI30 » 2
2(dN¥Y) - NMOYYI ) + A¥YT130 « XIIX3N =

£(NOILVOVJONd » dW3Ll) » 2 + 90-30"21 ¢ XIIX3N =3 NMO¥Y)
IXLLXAN =% dN¥VYI

Z(IVLI¥4LISIO - ¥dW3Ll)SBY = dwil
38713
(LYAO¥ILISIA -~ ¥dW3IL)SBY =% dW3l
NIHL Ix¥1 41
NID38
00 [S133J¥NOS*[OLI3DIA3C [VLII¥3LdYAY HIIA
00 [QL)3JIA3C CVvII¥3idVAY HLIM
00 [vi)¥3ldvaY HLIIA

ZIVI¥ILSIO =% ¥dd3l
3873

LYWOB4dLSI0 =% ¥dw3l
N3H1 ¥l 41

00 [S¥JIDNNOS [OMISIIASO ([ V¥IN¥3I4YAY HIIM
N1ID3E
3813
an3
ZAN3
ZAON3
£1S30°¥511740 =% 1S3@
N3HL 0 <> X¥ 41
£(dNYYI - NPMQ¥YI) + 3IAILASNE =% 3IWIiASNE
NIO3E

E95.
4981
9981
951
7981
£9s1
2981
1981
098t
6581
BS81
4581
9S8l
SSE1
581
£s8l
eS8l
LS8l
0sslt
691
EY81
4961
9981
S99l
7981
£981
2961
Lo8l
0761
(317)
AT
4581
gEslt
sE8l
7561
££61
2§61
LE81L
0f6 1L
6281l
6261
L2l
9281
sZel
22sl
£261
226}
L2al
ozelt
6lgl
El8l
Lisl
9L8l
Si6l
YLEL




IVROudlSIQ =% ¥dw3l
N3HL IX¥L 41
00 [S¥I3IWNOS (OHISIIAIQ [VH¥IE3ILdVYAY HLIM
ZQN3
Z(S¥ Q¥ “V¥ “INO)INTILINM
0+ QOW 1530 =: S¥
0L AIG (OOL QOW 1S3Q) =: Q¥
001 AIQ 1S30 =% v¥
N1936
35873
anN3
‘0L QOW 15301 =: S¥
Z0L AIO (OOI QOOW 1S30QI) =: Q¥
7001 AIQ 1S301 =% V¥
N192E
N3HL 0 <> 1s3al 41
N1938
N3HL NOISITIJIVY ION 41
NI938
v HLIMm
NID38

00 [S1J3I¥N0S*(O0LI3IIA30°(VLII¥5Ld

tg3asvd

(= 2 3SY) =) QN3
fAN3

£AON3

£4103NIL 4 3WILTT0I) =2 3WILT0)
21« 127703 =X 137702

FAYI3QTIY¥d ¢ AVTI3003XId « XILX3IN =3 XLLIX3N
24103411 ¢ XLLX3N =1 N®mQNVY)
IXLLIX3IN =2 dNyY)
NI93E
38713

aN3

fON3

£AN3

£(dNYYI - NWOEYI) + 3WILASNE =3 3IWILASNE
00 [(S¥J)3IIMNOS (O¥IIIIAIA [VEIH3ILAVAY HLIA
fGN3
009 + S1IE2INOD =% SIIB2INOD
Z(dNY¥YI - NPA¥Y)) + SWILASNE =% 3WILASNE
Z(4N¥EY) - NAQY¥YI) + 3AILIIVZHL =% 3AILIVZeL
NID38
3¢73
QN3
7009 + SLIFLAINOD =% SLTIBLINOD
£(dN¥YI - NPOYYI) + SWILASNE =2 3INILASNE
£(dN¥YI - NMA¥YI) « 37J10Y¥I¥L =% 3AILIVINL
NIS3E
N3IHL LX¥L 41

£261
2ol
2ol
G2el
elol
Blol
L6l
9161
Stel
7161
flel
2L6l
Liel
oL6l
6061
8061
06l
9061
soél
2061
€001l
206l
Los 1L
0061
6661
§681
2661
9681
Sé6 1
%661
f631
26861
1681
0681
6881
BEE 1
4861
9861
1311}
7681
L8861
2881
13:1°4
08s 't
e61
881
L6
$451
Skl
74681
261
L8t
(Y47}
081
6981

-

152




£(NOIL

vdoyd =

0L 00w 1S3Q1 =% Sy
£3L AIG (201 QOW 152QI) =: 0Od
GOl AIQ 1S301 =:

N193e
N3HL 0 <> 15301 41
N193E
N3HL1 NCISITT0DVY UON 41
NI938
0C [S1)3)&N0S"[QLI3IIA3Q°CYLIbIsdYAY HLIM
NID38
i93sV)

(e § 3SVY) =) ION3
ZON3
{ON3
£4103WIL + 3IWILTT0D =% 3IKILT0D
21+ 127700 =: 1370)
fAVI30I¥d 4 AVI3003XI4 « XLIAX3N =3 XLILA3N
Z4105WIL ¢ XLLIX3IN =1 NRO¥Y)
IXL1LXIN =3 dNeY)

NI93E
3s73
an3

f60-30"99 ¢ (dNY¥VI -~ N”Q¥VI) + XLILIX3N =3 XILIX3N
3N¥L = (W

13Sv4 =% 2w

£(dNYVYI - NMAYYI) + SWILASNE =: IWILASNE
00 [S®)3)¥NOS*[OY¥I3IITA3Q [(V¥I¥3LdYAY HLIIM

£(dNYYI - NPQOEYI) + 3WILASNE =: 3WILASNE

QN3
2(dN¥Y) - NAQHYI) + 3IALLIIVZHEL =% SATLIVZHL
1218 + S1182vivao =% S1IB2vive
Z€LEY ¢ SLIIEZINOD =: SLIGZAINO)D

NI93&

3573

anN3
(dNY¥Y) - NPONYI) + 3AILIVINL =% 3IATLIVINL
f21S + SLIEBLviva =2 SLIBLVLIVG
ZTLEY ¢ SLIIBLINCD =% SLIIELINODD

NI93E

N3IHL XML 41

dw3l) » B + 90-36"06 « XLAX3N =3 NMQHYV)
IXLLIX3IN = dN¥vY2

ZCLYLEILSTA - bdW3L)SEBY =1 dah3l
3513

(LYWOM4ILSIO - ¥dwW3L1)SBY =@ dW3l
NIHL Lx¥L 41

ZIVIE4LSIC =2 Mdm3L
3873

8201l
Lol
S261
Siol
2261
f6l
261
L6l
061
69¢1
8961
4561
991
S%eol
9961
£9el
2961
L9l
C%eol
6sel
8Sel
456l
9s61t
SSel
9561
£Seol
2sel
LSel
0sel
6%61
g%l
761
9%
$Y61
2%l
£961
2%l
Lol
0%l
6f6l
CATNS
(561
gL61l
sfol
786
£fol
2fel
Lfel
of6l
6261
8261
2261
s261
s26l
2261

153



NIO3%
00 [S1J)32eN0DS*[OLIZIIA3C (Vi)e3ldvOy HLIIM

NIS3E

1835v)

(s 9 3SY) ) ‘QON3
fanN3
ZAN3
£41Q03nI1 ¢ 3WILTT0) =3 3IWILTT0D
Lo+ LIT2) =X 43770
ZAVIIAING ¢ AVTI3003XI4 + XLLIX3IN =3 XLILIX3N
£4103WI1 ¢ XLLIX3N =1 NPMQUY)
IXLLIX3IN =2 dNEY)
NID3E
358173
ON3
f90-30"62 ¢ (4NY¥VI - NRQ¥YI) + XLIIX3IN =% XIIX3WN
f3NEL =% 9N
umein-"nt

£(dNUVY) - NAMQEYI) ¢+ 3WILASNE =: 3IwllASNnE
00 [S¥I3IWNOS "C(C¥IIITIAIQ (VYNEIN3L1dVOY HLIA
Z0N3
2(dN¥YI = NMO¥YI) ¢ 3AILIVZEL =3 3AILIV2¥L
{009 « SIIBZINO) =% SLIEZINOD
N1938
3s73
anN3
(dNY¥YI - NMO¥YI) + 2ATLIVIML =3 3AILIVINL
7009 + SLIBLINO] =% SLIIELLINDD
N1938
N3HL Lx¥1 41

£(NOTLYOVAOdd » dh3Ll) = 2 ¢ 90-30"21 + XLIIX3N =% NRO¥Y)
IXLAX3IN =% dN¥Y)

n31)S8Y =% dwW3l

3873
(LYWO¥3L1SIQ -~ ¥dw21)SBY =% dW3l
N3HL Xkl 41

fCLviNdLSIQ

ZIVINALSIQ =% EdW3l
3i$73
LVYRO¥41S1Q =2 edhil
N3IH1 L2yl 41
00 [S¥JIIUNOS [ONISITAIO [VY¥INILaVOY HLIIM
f£ON3
S¥
aqy
v
NID3®
3873

!0l OCW 1S30 =
‘0L AIOQ (OOL QOwW iS3C) =
fCOL AIQ 1S3Q =

££02
2g02
1£02
0£02
6202
8202
202
§z02
s202
2202
f202
2202
Lzo2
0z02
el02
8102
2102
9102
stoz
Y102
£102
2102
1102
o102
6002
6002
¢002
9002
soo2
Y002
£002
2062
Loc2
0002
660l
1.1}
661
9661
Séol
7661
f661l
2661l
6ol
0651
¢Eol
6fol
iBel
986l
SE6l
€61
£l
411}
13138
086l
el6l

154



Z(NOILYOVdONG » dW3l ) » 9 + 3wll « XIIX3IN =1 NuQ¥Y)

IXALX3IN =1 dNevd

fCLYLY4LSTIO - baW3IL)SBY =1 dwil
3isn3

(LYNOU4LSIO ~ wdw2l)SBY = dWil
N3IWL Ix¥L 41

fIVIN4LS1Q =% ¥dwW3l
3873
VHOU4LSIC = ¥dmil
NIWL Lx¥l 41

00 [S¥I3IJYNCS [ ONMISIIAIC (VYEIN¥3LAVAY HLIM

+UN3
0L 00w 1S30 s¥
0L AIQ (OO0 QONW 153Q0)

‘004 AlQ 1S3¢

Z0L QOW 1S3Q1 =: S¥
0L AIO (OOL OOW 1S3CQ1) =2

f001 AlQ i1S3q1 vy
NID3E
N3W1 0 <> 15301 41
ZON3
10N3

f80Wd ¢ IN3ISXNTE = IN3ISXTE
98591 « B0¥d =% S1llE

£(30430°0S /(98€%1 » BO¥d)) + 90-320°7% wlil .
201 - IN3ISXNTE) - 1IX7@ &Cud
NIS38
s
an3

I96E91L =% S1IE
f0 ¢ AN3ISXTE =% UIN3SXIE
£90-30°219 =% 3wil
NI936
N3IHL C(CL « IN3ISXIB) < 1IX78) OGNV (L < 1Ix76) 41
N1938
3573
aN3
f9FE91L * LOXT8 =% S118
£ L ¢ IN3ISYIE =3 ANISXIE
2(90+430°0S 7(96€91 = 1I¥IE))e SO-3ZC°%F =% 3wll
N1D3e
N3IHL (IN3SXTE < LIXTE) ONY (L => 1IX¥T6) 41

£13X78viva =% LIXIE
3t
¥781 =% 1Ix78
N3M1 (3wW) ONY ( O = 1S3C1) 41
NID38
N3WL NOISITTOIv ION 41

8802
¢B02
9802
$802
802
£002
2802
1802
0802
6202
8402
4202
9202
s202
2202
£202
202
tac2
0402
6902
8502
4902
9902
§902
7902
1902
2902
1902
0902
6502
¥s02
4502
9502
s§s02
502
£502
2502
1so02
0so02
002
8702
4902
902
§%02
2902
£202
2902
1902
0v02
6€02
€502
2502
§82
sto2
o2

155



ORiC

OF FOL

an3
0L QOw 15301 =: S@
0L AIC (OOl QOW 152Q1) =: Qu
Z00L AIQ 1S30I1 =% ve

N1D38

N3INWL D <> 1S301 I

213¥78vivo =X LIXT8
3813
181 =% LINE
N3IWL (8W) ONY (D = 4S3Q1) 41

NI238
N3IWL NOISITNIOIY ION 41
N1938
00 [S1J33¥NOS (QLJ3IIA3Q°(vi)¥3LidVaY NIIAN
NI936

1g3sv)

(s § 3SY¥Y) ) ON3

f0N3
QN3
£4703WIL ¢ 3IWILTNIC) =% 3WILTT0D
L ¢« 137700 =2 40D
ZAVI30Ted « AVISOQ3XI4 « XLIXIN =1 XLILX3IN
£34103wWTI1 ¢ XLLX3IN =1 N=Q¥V)
£ XLLIX3N =3 4N¥VY)
NID3E
s
an3

¢ XLIXEN =1 XLLX3IN
£3NEL = SW
uumJ<-"¢:

£90-30°9f + (dN¥YI - N®=Q¥V)

Z(dNY¥YI - NMQUVY3) + 3mllASNE =% 3mllaSNE
00 [S¥)3II¥NOS "[Q¥]2ITAIO(vHIa3Lldvly WIIm
Z(dNUYI - NMQEYI) « 3INILASNE = SWILASNE

fAN3

£(dNY¥YI - NMOEVI) + 3IATLOVZEL =% 3AILDvZul
£S118@ + SLIS2vivd =1 SLlE2VLVA

£912% ¢ SLISZINDOIY =3 SLIETAINDD

N1938
3813

aN3

(dN¥VY) - N®QEY)) « FAILIviel =% 3AILOVIEL
£S118 + SLISLvive =: SLIEBLVIVG

f912% ¢ SLIELUINOG)Y =: SLIELINODD

NISIE

NIML Ix¥l 41

9912
2712
112
0%12
34 %4
134 %4
542
124 %4
sfi12
2 €12
€12
2L 2
(39 ¥4
ofL2
6212
8212
E4%4
9242
s212
2212
f212
24 14
1212
0212
ebi2
sLi2
a2
L2
113 %4
7442
£h2
rd Y
(48 ¥4
oL
6042
8042
012
9C12
s0L2
012
£042
2012
(4 %4
ooz
6602
§602
4602
9602
$602
602
1602
2602
1602
0602
6802

156




24103WIL ¢ IRILTNN0) =2 20147702
2L o« 127700 = 13770
ZAVIIQIN¥E ¢ AVI3CO3XIS ¢ XALIXIN =7 XLILX3IN
£41G3n11 ¢ XALXIN =1 NAQBY)
IXLLX3IN =1 dNEY)
N193E
i3s3
aN3
2AN3
f90-30"62 + (4N¥VY) - N%O¥VYI) ¢ XLIIX3N =1 XILX3N
£38v4 =1 SW
3Nyl =X 9N
N1I938
3873
ON3
£90-30°02 + (dN¥VYI - MMA4YI) & XLAXIN =% XLIIX3IN
f3NNL = 9W
£357vd =X SN
NI®38
N3IM1 LIYIR =< IN3ISHIE 41
L(dN¥VYI = NPQEVY) ¢+ FnILASNE = 3IwIlASNE
00 [Sw)3J¥NOS [O¥IIIIAIC " (VHEIEILdVAY MLLIm
£(dN¥VYI -~ NRON¥Y)) + 3NILASNE = 3WIlASNE

HCLE]
IATLIVZ2HL
S1I&24N0D

NIS3E
isn?
GN3
ALY LYY
S1IBLAINDD
NID2E
N3W1 Lx¥1 41

£(dNUYI - NRQU¥YI) + 3AILIVZHL =
009 « SIIBZINO) =

(aNY¥Y) - NRQ¥YI) « 3ATLIVIEL =
009 « SI1IBLINDD =

Z(NDILYOVEOUNd » dWIL) = 2 ¢ S0-30°214 ¢ XLIIX3IN =% NFQUY)
IXLAX3IN =1 dNNV)

fCLVINALSIO -~ wdW3L)SEBY =1 dW3L
3873

(LYWOU¥JLISTO - MEWIL)SEY =% duil
NINL Ix¥l 41

ZIViNdLSIO =% wdwWll
Is73
LYynOB841SIQ =3 »dwil
N3IWL Lxel 41
00 [S&)3JuNOS [G¥IIIIAI0°[vEJa3iidvayY HWIIA

an3
fCL GOW 1530 =% Su
0L AlQ (0D Q0M 1S53Q) =: Q&
Z00L AlQ 1S30 =% Vi

NI%3E

3873

f612
L6812
9642
134
612
f612
2642
(X 1%4
o612
(11 %4
REL2
812
9812
SPI2
"2
4 1%4
t41%4
(32 %4
oRz
ol
8212
e
L 73%4
s
42
f212
L2
1X4%4
o212
6912
s
912
9912
13 1%4
912
£912
2912
1912
0912
[11%4
3114
31 %4
9542
131%4
L 21 %4
€512
141%4
1si2
0si2
[%2%4
12
a2
9912
S92
"2

157




00%
£(dN¥VI - NMOX¥VY)I)
‘1

009
2(dNyyYI) -~ NMOWY))
71

£ ¢ LJ235 =% 1J€35
f1 ¢ ATviT3s =X A7vie3s

SL1IGZINOD
3ATLIVZYL
ATy igd3s

SLI8LLINODD
JATLOVINL
A7viLp3s

oo

Z0N3
SLIEZINOD
3ALILOVZNL
Avizo3s

NID3E

3873

ON3
SIIELINDD
JAILIVIEL
ATvilo3s
NI93@

N3HL IXel 41

Z(NOILYOVAONd » dW3L) » 2 + 90-30°21 + XLIIX3IN =% NAGHY)D
IXLAIX3IN = dNEVY)I

fCIVI¥ILSIO - HdW3L)SEY =% dWll

3873

C(LVRON4LISIO - ¥JW3L)SEBY =3 dwW3il

N3HL iX¥l 41

ZIVI¥4LISIO = Wdk3IL

ERRE]

LYWO¥41S1Q =% HcW3l

N3HL IX¥l 41

0Q [(S¥I3J¥NOS"(O¥IIIIAIC"(vHEIu31dvaAY MIIAM

Z0N3

0L OOW 1S2Q =: S¥
Z0L ATO (OOL OOW 1520 ) =: Q¥
‘001 AIQ 1S30 =: V¥

NID38
3873
ON3

f0L 004 1S30I =: S¥
fDL AIQ (OOL QOW A4S30QI) =: 0¥
/004 AIQ 1S30I =% vy

NID38

N3H1 0 <> 15301 J1I

NID3E

N3H1 NOISITT0IvY ULON 41

NIS3E

00 [S1)3J2¥NOS"[GL]3IIASA [VLIIY3LILVAY HLIPM

NIS3E

$23Sv)

(v 9 3SV) =) I0N3

ZAON3
ZUN3

£622
14344
1s¢e2
0szz
6922
gv¢ée
4922
gvee
s¥ee
7922
f£9ee
292
Lyez
0922
6£22
6£22
L5122
i t24
sg2z
€22
£222
252
1822
ogze
6222
8222
L222
9222
seze
veee
fece
ez
Leee
oz22
(1324
sL1ze
122
gLzz
siez
yi2z
i122
2iae
L2z
oLzz
6022
60272
4022
§0z2
soze
%022
f£022
2022
L0ez
0oe?
6612

158



£ A
PR
~

) !
"SR AR

OF

N3H1 (gW) aNV (0 = 153QI) 41

{0N3
fON3
£0°0 =% IN3SHTE
0 =% 153401
0 =% 1530
ZIAYINIXL + XLAX3N =3 XLILIX3N
£3S7v4 = [S1)9vI4S
£357v4 =3 [0L)9VT40
NID3E
00 [S1J32¥NOS° COLI3IIA3Q°[VLIIEILAYAY HLIIM
00 [QL1J3)TA30°(VLiIe3Lldvay KLIIM
00 [(V1I)¥31dVOY HIIM

fON3
£ L+ 1J03S¥ =3 LOp3sy
10 = XIwD¥J

IXLTYNIS[SLI3I¥NOS [CL]3ITA30°CVLAI¥3ILAYAY =5 XLLIX3N
£3N¥L = BW

£3Sv4 =7 [(S¥IOVI4S

£38v4 =1 [Q¥IOVI40Q

ZLIX78YLAVO [SLI3I¥NOS (QLIIITIA30 [vLII¥SLdYAY =2 XNTEL
NID38
00 [VEI¥Z1dYOY HLIN

00 [O¥JIIIA3Q°CVYN¥INILIVAY HLIM
00 [S¥]I32¥NOS*(O¥I3IIA3A [VHIN¥ILAYAY HLIM
NID3E
N3HL ( BW ION) aNY ( D <> 1S30I) 41
f0N3
fON3

fL 4 L1JD3S¥ =% LJ0D3SH
0 =% XIwOu4
£387v4 = [SYIOV¥I4S
£387v4 =% [Q¥]OVT40
NIO38
00 (v¥I¥31dVAV MLIIA
00 [(Q¥]I3IIIAIQ"([(VHEIYZLdVAY HLIA
00 [S¥)3IdUNOS°"CO¥I2IIAIC [YYI¥ILAVOY HLIIM
f0°0 =: IN3SXTB
‘0 =% 1530
SIAYANIXL ¢ XALX3IN = XLIX3N
£387v4 =2 [SU7OV4S
£3§7vd =1 [QL]OYT40Q
NIO3E
00 [V1J¥3L1dVYCY HI1IM
00 (QLI3DIA30°(vLiI¥3LdVAY HILIIM
00 [S4)3J¢N0S"CQLIIIIAIA(VYLIIN24dVAY HLIM
N3HL (8w LON) ONV ( 0 = 1S30QI) 41

£(dN¥Y) - NMO¥YI) + 3IWILASNE =% 3WILASNE

00 [SH¥I3I¥NOS [O¥IIIIAIQ [VYEIE21dYOY HIIM
£387v4 =% 9N

SCXAOVILINT = XATYNIJ) o AVI30SS3IA = AVI30SS3wW
f90-30°02 + NMOMYD =% XLTVYNIJ

80?2
02
9082
s0i2
2082
£0i2
20¢€2
L0z2
0os2
6622
6622
2622
9622
s622
%622
£622
2622
L1622
Ca22
6522
s62¢C
4822
9822
s822
9622
£822
2822
1822
oece
6L22
8222
L2
9L22
s222
%222
£222
2LeR
Leee
022
6922
g89ce
2922
9922
§9c2
2922
€922
€9
1s22
0%2e
65¢2
6522
4522
9522
ssae
96822

156

,
|




f(INdLNOINTIILIYN ©CC OL O1 1 =% 1 ¥O4

NID38
£Vay ¢ 3AILIVI¥Sd “3ALLIV2Y3d “3ATLOYIN¥3d
Z¥ZID3UNT : I A |

¥YA

AI.......C’.'.IPI'... »I....I...'..I.I-..II.I.'C.I.CI..CC....II.’.C..C'.CCCU

(» *)
ISLIVISINIY¥G 3¥N03I0¥d

(e

(ens

LA R R R R R L A R A R R A

LA R R L R R R R

seVen

(s 31vadn ») ZON3
(s 40 QNCD 3SVY =) fQN3
(v £ 3SV) ») 2aN3
2003
ZAN3
£4103WIL ¢ INILTI0I) =% 3INILTN0)
1 0+ 137702 =2 123770)
ZAVII0ING 4 AVIZ3003XI4 + XLLIX3IN =3 XLIIX3IN
£4103N1I1 ¢ XLIX3IN =% NMOWY)
IXLLAXIN =2 dNYY)
NID30
38173
ON3
ZAN3
ZAON3
1 ¢ 1J03S¥ =% LIB3SYH
0 =% X1WOW4
£387v4 =1 [S¥IOVI4S
£3S7v4 =% [0¥]OVI4Q
NI®38
00 [v¥)k3ldvay HLI®
00 [O¥IIIIAIC [VEIEILAYAY HLIM
00 [(SHI3IIUNOS*C(A¥IIITAIA [vul¥ILdVCy HLIIA

f0°0 =% IN3ISXTE
{0°0 =: X781
0 =% XIwOed
0 =% 1530
£3S7v4 = [S1]9vT4S
73S7v4 =% [0Q139vT40
ZIAELNIXNL & XLOYNIJ =% XLLIX3N
£3S7v4 = GW
20 ¢ ATVAENNL =P ADvigXEL
NIO3E
00 [V1)¥31ldvay WHIIAM
00 [QL)3IIA3Q°(VLI¥3LdVAY HIIA
00 [SL]328NOS*(0L)32IA30°CVviI¥3LaVAY HLIAM

L1982
2982
132%4
09g2
[ 33 %4
8852
4582
9682
141 %4
7682
£682
2552
(31 %4
o0ss?
6982
8vse
4982
9982
svee
A2 ¥4
£9i2
2982
(144
ovge
6882
113 %4
L5582
L€
SEE?
€82
£5g2
r44%4
(3394
(474
6282
T4 14
4252
°2¢2
s2€2
%252
£282
¥4 ¢4
12€2
0252
6lg2
gLge
182
91£2
sige
2182
£ie2
2Lee
(3374
18 ¥4
o0£2

150

|

——




(48238

f0aX 47€%9 :3A

IWIL 3AILIY IVIOL X, “02°%.
£0aX 27059 23A

3wll SAILIVY 2 XND¥L X, 7027,
£Ca% 478 19 I3A

IwIl IAILIVY L XNNEL X, “02%
£(4S23S ,72% 0L: 3A

IWIL 3AILIY JNNNEL viOLl, “02°%,
£(4833S 472 0L 3

InIl 3AILIVY 2 XNNuL, “02%,

anN3
11Jdvi¥sd
WZANCXNY)INTI LT MM
11J0v2¥5d
P 2ANOXNY)INTZLTEN
I1Jvi¥sd
ZANOXNY)INISLIT YN
115v3nll
Wy 7ANOXNYINTILTEN
AT1dvZ¥L
CZANOXNY)INTIZLT YN

£09S23S 472 QOL® 3ATLIVINL

3all 3AILIV L XNNY¥L, “02%,

(8T A

SNOISSIWNSNYYL XNNYL-XNN¥I TNJISS3IINS, “02%,
105 tldW

SNOISSIWSNYY¥L XNNNEL-XNT¥L 03I1dWILLY, “02°%,

W 7LINOXNVY)INIILT N
NI®38
N2HL SXNN¥L 41
ZCLNOXNY)INTILT oM
ZON3
TIvizyyl
«ZANOXNYINIILTI NN
JLLIVZNYEL
JZINOXNY)INTISLI NN
NI93P
. NIHL SANNN¥L 41

(5 S1¥0BYIVIOL

S1¥08Y w101, “02°%,
£(5:Sldn3

(S3IN3ND3S) SidW3ILlY vIO0L, “02°,

1¢83 A
(S3WVYH4) SLIVM, “02%,

(8% A
(S3Iwved) SNOISITT0I, “02%.

(ST A

2 ANNYL-SNOISSIWSNYEL 3IN3IND3IS TN4SS3IIINS, “02%,

(S 34

I YNNYL-SNCISSIASNVYYHL 3IIN3INOIS IN4SSIIINS, “02%,

(s ¢

SNOISSIASNYHL 3IN3ND3IS IN4SS3IIINS, “02%,
9L INILANINEND 4, 1 3WIL AN3NEND, “02%.,

SITLASIAVLS XYOMLIN NNY¥ 40 ON3 ses, 7523,

f(INCXNY)INIILTINY® 00 S

fCOL » (3WILUINS¥BND / 3AILIVSWIL)=
200 » C(3IWILLNIWY¥ND / 3AILIVZEL)=
001 » (3WILLIN3ENND / 3ATLIVINHL)®=

s 7ANOXNY)INIILT BN
11viviol
yZANOXNVINIILT BN
AIVLLIVR
CANOXNY)INTIILT NS
1v1770)
WZANOXNYINTI LI NN
QN3
Ivize3s
W 71NOXNY)INIILINA
7viLo3s
+ZANOXNVYINTIALTI oM
N1938
N3IHL SHUNN¥L 41
ATvi03S
S7ANCXNYINTILTI NN
LCANOXNY)INTILT oM
«ZANCXNYINTIILT YA
LCANCXNYINTILT U™
WZLINOXNYINTIILT SN

04 | =: I ¥O4

000 » (3IWILANIBYND /7 3IATLIVIWIL)=% 3IAILIVIE3M

3873

N3
3ATLIOVINI
3A1L10VY2¥3d
3AILIVLE3d
NID3E

N3IHL SxNN¥L 41

6172
e
gL92
Siy2
7192
£192
r4%.x4
(A% X4
oLy
6092
8092
2092
9072
s0%2
'Cy2
£092
20%¢
1092
0092
6652
111 %4
L6852
9682
111 %4
2612
£€§2
2682
Leg2
né6s2
68¢£2
68¢2
882
gese
$682
652
£8¢€2
2882
18582
08£2
64582
6282
Li582
s252
s2¢2
v252
£212
2252
(PA%4
0432
6912
1 32%4
4952
§9¢2
§eL2
9952

161



I3

.

.

(45238,

N3H1 SuNN¥L 41
(S *Sl¥oeviviol

SLY0BY vICL « “0L%s INIZLIOM
f£( S *Sidw311vIViOL

(S3IN3ND3S) SLdA3LLY VIOL 4 “0L%, ¢INTILIEM
£(S *ATMvillvm

(S3wvud) SLIVA 4 “0L:, JINT3ILIEM
£(S ATVLITT0)

(S3Wvydd) SNOISITIO03 4 “0L:4s WINI3LIGA

10N3

£C § ATvAZR3S
ZANNYL-SNOISSIWSNYYL 3ININD3IS INJISS3IIINS 4 “0L%, +INTILINM
£ S *ATvLLR3S
IAINNYL-SNOISSIWSNYY¥L 3ININC3IS INJISSIIONS 4 “0L:, #INIZLTIEM
K1938
NIHL SXNN¥L 41
£¢S *ATviD3S
SNOISSINSNYYL 3IN3ND3IS IN4SS3IIINS 4 “0L%, INIILTYM
INT31T M
79 21 :*3WILIN3Y¥YNI 7, ¢ 3WIL AN3IMEND , “01%, #INI3LTHM
HUREPOR L
f(awww SIILSILVIS XYOMLIN NN¥ 40 ON3 wes , “GSl:, JINI2L1INM

£C SILAEN 4721% 90+30°C /(3IWILANINAEND » QVYDT440)
QY0 03¥3440 TVIOL, “02%s +7ANCXNY)INTILTUMN
ZCANOXNVYINTIILTEA
f(4S31A8KN ,721: 90+30°6 7/ x1iS1IE
O3LLIWSNYYL S3ILAB TVIO0L, “02%s +“7ANOXNYINTIILINA
fGN3
fCoSILABNW 4 “21% 90430°6 /7 SllIsgviva
ANNYL - O3LLINSNYYL S3ILAG ViIvD, “02%, +“LN0XNVINISLIEN
£CaSILABW , “21% 90430°6 / SLIBZINOD
WNNuL - OSLLIWSNYYL S31A8 TONMLINOD, “02:4 +“LNOXNY)NIILINAM
£C S3LABH , “21% 90+30°0 / S1IBLvivE
AINNYL - QILLIINSNYY¥L S3ILAG vivd, “02%, ,“ANOXNVYINIILINN
£(sSILABW 4 “21% 90+430°6 / SLIBLINDD
WNNYL - G3LLIWSNVYL S3LAG T0MINOD, “02:4 +“LINOXNVY)INIILITNMN
N1938
3573
aN3
£(4S31AEN 4 721% 90+30°8 /7 SL1IEBLVLIVO
Q3LLIWSNYYL S3LAG VIvA, “02%, +“ANOXNVINIILTIEM
fCoSALABW 721:90430°8 /7 SIIBLINOD
Q3LLIIWENYYL SILAE TOMINOI, “02%4 +7INOXAVINIZLINN
NID358
N3HL SXNN¥L L1ON 41

ZCANOXNY)INTIILT NS

ZaN3
fCaX o7 §3:9 I3AILIVIN3M

IWIL IATLIVY VLIOL X, “02%, +“ANOXNYINIILITE®
205338 472701 TIAILIVINIL

IwILl 3AILIV YNNML TVLI0L, “02%, »“LANOXNVINTIILITHN

N1938

3873

£292
2e9e
(YA x4
0292
6992
8992
2992
9992
se92
2992
£9%2
2992
1992
0992
6592
8592
2592
9592
ssv2
2692
£692
2592
1592
0s%2
6792
8972
2792
9992
$992
2992
€992
2972
(S4 X4
0%%2
6592
13414
1592
12814
%14
9892
£€92
2892
Lg92
0§92
6292
6292
2292
292
s272
292
£292
229
1292
0292
6192

162



{ i ‘ \'-.

OF PGU

fC2S3LAEN

2 ANNN¥L
2 ANN¥L
L XNN¥L

I uNN¥L

“21 *90+30°8 /(3mILIN3E¥N) &
avol a5¥3440 v1O0L

£(sS31A8W ,721 :90+30°8
O3LLIWSNYY¥L S31A8 V101

£(4S31ABR « ‘21 19043078 /

03111.SNVY¥L S31AB Viva,
£(4S3LASW & “21 :90+30°8 /
Q3L1J4SNYHL S3LAB T081INOD,
£(4S31ABN 4 “21 :90+30°8 /

Q3LLIINSNYY¥L S31A8 Viva,
£CoS3LATM o “21 390+430°8 /
0311I4ASNYY¥L S31A8 T0¥INOD,

f(4SILAEM 721 :90+30°8 /
GILLIWSNYY¥L S31AB vivd ,
fCsS3LAEW 4721 :90C+30°8 7/
GILLIWSNY¥L S3LAE T0¥INOD ,

ZON3

Qv01440)

7013y WINISLTBN
HLREPOE L

/ X1SL1IB
“0L:s WINTILTEN
£0N3

SiI62viva
“0L:s WINT3LINN

SLIBZINOD
“0b%, WINI2LTEM

Silelviva
“0L%s WINT3ILT YA

SLIBLINOD
70L%, JOINT3ILTIRN
N1938
3873
ON3

SiI8iviva
“0b%s SINT2LTNM

SLIBLINOD
‘003 #INT3ILTINN
N1S38

N3HL SXNNY¥L ION 41

INT3LT N

Z0N3

fCaX o 7 £ 39 :3AILIVINIM

IWIl 3IAILIVY XNNN¥L VLIOL X

“0L%s #3NT3LINN

£(4S23S 4“2 01 *3AILIVIWIL

JWIL 3ALLIY XNN¥L VIOL

“0L%s WINT2LTUN
NI®3E

3873

an3

fCoX o 7€ 9 3AILIVINSM

IWIL 3IATLIV XNN¥L IVIOL X

700%. WINTILTNER

£CeX o 7€ 9 :3AILOVZNIL

Inll 3AILIY 2 MNNY¥L X

‘0L%s WINT3LTHM

£CeX 0 ‘8 9 3AILDVIMIM

IWTL 3ATLIY L XNNEL X

701y WINT3LTEN

£04533S 472 0L *3AILDV3IWIL

SWIL 3AI10v ¥NN¥L VIOL

‘0L%s WINISLTINAM

2€a€23S 472 0L *3ATILIV2EL

3WIL 3IAILIY 2 DMNNEL
2048338 472 :0) 3
3WIl 3AIL1IVY L XNN¥L ,

‘0L, WINT3LIBM

AILIV LML

“0b%s WINI3LTHM
INT3LT M

2(S *ATviZXEL
SNOISSIWSNYY¥L XNNYL=-XANNML INISS3IONS
£(S *LldW3L11VZN¥L
SNOISSIWSNYYL XNNU¥LI-XNN¥L 031dk3LLV ,

“0b%s WINT3LTEN

“0L%s WINT3LT M
NID38

8282
L2582
9252
s§2s2
9252
£282
2282
L2s2
02s2
6152
8182
2182
9182
Sise
2182
£182
r4 314
Lisz
oLsz
60s2
6052
2082
9052
s0s2
2082
£052
2082
10s2
oosz
6692
8é92
692
9692
$6%2
2632
£692
2692
1672
0692
68%2
geY2
1892
982
Sev2
2892
i€%2
2892
1892
0e%2
6292
8292
L
9L92
$292
9292

163

s g V-



[ WYHd90¥e NIVW ) NIO3E

[svssvsssvasnvnas sesuss sysssssesunsnn
C K'Y 49 008 d NIV«
[ T ]
[ Y P Y YD |
£ON3
fGN3
ZCANOXNVY)INTIILT N
(01 “1NOXNY)INTIILTI YN
2(6 *1I770X74NOXNY)INTIILINN
SCLEZLILIVA 791 :1003S¥ “9L :1)03S “1NnOXNY) 31Ty
ZC0LSAJL4¥0BY/SAYIION G2, 7S 341100 “Z4:, ,7AN0XNY) 3L1I¥M
(Y S0 ILLIVA “9 221 SWILASNE “9 ) 9 :rf 79 1 “L1NOXNY) 3.1y
£1I03S / AVI3ICSS3W =3 AVI30M
N3NL ( 0 <> 1)03S) ANY (0°0 <> AVI30SS3IW)4I
f0°0 =2 AVI20W
NID38
00 [X])3J¥NOS°[F)3)IA30°CIJN3LdVYAY HLIM
00 S3JyNOS40WNN OL | =% X ¥O04
N3H1 N340 ION 41
0G CFJ3JIA3Q°(IJ¥31dVAY HIIM
00 9 01 4 =% I ¥O4
00 SY3LJVOAVIOWNN OL | =% ] 804

LR TR

L

ZCANOXNYINTIILI NN

Z(+ANNOD, “LANOXNVYINIILINYA

o +7oAINNOD. “2%4 474ANNOY, “B2, 4“4INNO), “INOXNY) 3LINA
SNOISITI0I, “1nOxNY) 3I1IYM
“1NnoxnNy) 31I¥A

(Y
2C20%0 472 ANN0d, “0L%. o 74AVI3Q, ‘92,
Q2% o”oONILIVA, 743, o7 3ATLIV . 792, 7.0 ” ¥,
Z(WNOISIT0),“E +ZINOXNYINTILINN
s o7 WNOTLZ3I3¥, “2%, +“oNCISSINSNYEL, “6%, ,71N0OXNY) 31I¥N
e Z¢39YSS3W DAY, ‘83, +“WNI 3WIL,Z1N0OXNY) 31INMM
.
'
4

fCalIVA, 7Y
£(.1¥08Y, “S:
2(0

o o 3WIL, Y62 4 7W3WIL. ‘€3, “1N0XNY) 3114N
£(435¥N0S A30 dAV, “2:, +71NOXNVY) 3LI¥AN
(LNOXNY)INTIILINY

£(.(SCNOI3S), “2S «ZANOXNY)INTILIYM
fCoSITYVNWNS ALIAILDY 3JIA3Q, “SY WZINCXNYINTILINA
ZCINOXNYINTIILINA
SCANOXNYINTIILI NN
ZCINOXNY)INTIILT YA
ZCINOXNY)INTIILTIEN
NI93e
Iv3y ¢ AVI3Qm
Z¥3I9IUNT ¢ > A SR |
¥YA
(AL AR R 2] Savuan sSnsnn Ssans Sy "..'...v
-)
ZAYVHRANSALIATLOY 3¥NC3D0¥d
“)

sans

LA AL L 2

(X T R sy ssssnww)

£852
2882
13334
0ss2
6482
8452
4452
9452
§282
%482
£482
2Ls2
bese
082
6982
6952
2982
9982
$9s2
9982
£9s2
2982
19s2
09s2
6582
8ss2
L4882
98852
§§s2
9882
£652
2882
13314
0ss2
6982
69§52
2952
9982
$9s2
9952
£952
2982
1982
0%s2
6£S2
8Ls?
L5582
9£s2
133%4
yEs2
££82
(4314
(3314
ogse
6cs?

~ r

164




N1936
00 [S1332¢N0S°[01)33TA3Q°(VYL)a31advay HIIM
N3ML 03A¥3S3¥ ION 41

Z0N3
fAVIIQ2XI4 =% AVI30Q03XI5
ZAVI3Q20N3 = A¥YI13CAaN3
fAY13Q21¥d = AvVI3Q1¥e
£AVI302404 =% AYI307v104

91 =1 NMQON¥Y)
€1 =% dNY¥VI
NIS3e
3573
an3
FAVI30LXI4 =% AVI3003XI4
fAVIIQLANT =2 AVI300N3
fAVI30LI¥d =2 A¥I301¥d
ZAVISOLLIO0L =2 AVI30VLIOL
2
’

1 =% NmOM¥Y)

Ll =3 dnyvd
N1938

N3IHL Ixul 41

040 [V1iJ¥31dvOY HLIM

7GN3
£387v4 =3 Ixdl
3873
INdl =% XYl

N3H1 ( QVYWWO) > (00L AIQ 1S20)) 41
N3H1 QvWWO) = vl 41
£3Sv4 =3 IN¥L
3873
IN¥L =3 (iX¥l
N3HL QVYWW0) > V1 41

NI938

00 [S1J2J2¥NO0S [GLI3IIIAIQ°([(ViJu3LdvayY HLIN
f(¥3LLINL) WXIId
N3HL O = 1S30°¥3111IWL 41
{01 GOwm WNNO"¥31L1IWl =% SI
f0L AIG (OOl OOW WNNO"¥3LLIWL) =: GI
‘001 AIQ WNNO ¥3L1LIKL =% Vi
IXLIXINT3LLINL =1 JWILIN3GEN)
Z(MILLIWLILIXNINGNTY
f0°0 =3 d4Nyv) (0°0 =: NMJYV)

1v3id3e

INCILJI¥ISSALININING
INBOMLIINITINILIVEVHI
f3TIVILIND

[ SNOILIONOD LN¥VYILIS 370) XHOMLI3N ]

6E52
1852
°i92
s€52
%£92
£E£92
2892
LE92
0E9¢
6292
6292
2292
9292
s§292
9292
£292
2292
1292
0292
6Ly
§192
4192
9192
si92
vig2
f192
45714
(3574
o192
6092
8092
4092
9092
sn92
Y092
£092
2092
1062
ocee
6652
B6S2
4652
9es2
S6s2
%652
f£652
2682
L6se
0ese
62352
8fsez
LBS2
§8s2
11334
%852

- : L
D

165

e ey Tt

P C—

- e e =



£(yNN¥ 40 ON3,INT3LTE™ £652
£CLINdLINO)IKTIZLIYM 2692 :
1692 i
SAMVWANSALIATLOY 0692 i
ZSAVLISINING 6692
8E92
fSLIE2YAVQ + SLIBZLINDD + SLISLIVLIVG + SLIBLINDOD =% XiSilé (892
Z3ATLIVZEL ¢ 3IALILIVIHL =3 3ATLOVIMIL 9892
se92
¢ X1DISXYW =< ATIVIC3S ) ¥O (3WILXVW =< 34ILINI¥N¥ND ) TILNN 9892
Z0N3 £892
INAQEYD =% 91 2892
faNuy) = €1 1892
NI93E 0892
35713 6292
aN3 8292
INMO¥Y) =3 21 2292
£4N¥VI = L4 9292
N1938 §292
N3HL Ix¥l 41 2292
£292
£ON3 2152
£(CLISYIINOILIONDOD) 3LV AdN 12392
3513 0292
an3 6992
8992
ZAVIICING + AVI30Q03XId + NAOWYD =% XLIX3IN 1992
N3H1 ((9N) ¥O 9992
(Sd) ¥O (IN) ¥O (£W) ¥O (2W) ¥O (iW)) ONY (NMA¥YD > XLLIX3N) 41 $992
299 Ne) |
20N3 €992 O
fAVI30IVLIOL + NWQNY) =: X1LX3N 2992 —
N3IHL ( AVI3Q0IN¥d 4+ AVI30C3IXIJ « NMAO¥YI < XLILIX3N) 41 1992 |
£AVI30I8d + AVI3QQ3IXIJ + NQ¥YI =: XLILX3N 0992 !
) N3IHL (AVI3CI¥d ¢ AVI3Q03IXIJ ¢ NMOWYD => XLIX3IN) 41 6592
NI938 8592
3513 L1592
) an3 9592
(CZ3S¥IINOILIONDI)31vadN $592
N3IHL 9w 41 v892
) 3873 ([93SYIINOILIANOI)31vadN £592
N3IHL Sk 41 2592
3573 ([S3SYIINOILIANOI)31vadN 1592
N3HL 9w 31 0592 |
3573 ([93SYIINOILIANOI) ZLvadn 6792
N3HL Ew 41 8952
3573 (LE3SVIINOILIANOI)2ivadN 1992
N3IHL 2w 41 9992
3572 (C23SVIINOILIANOI)Zlvadn s992
NIHL LW 41 9992
N1938 £992
NIML ( AVI3GINd + 2992
AVI3003XI4 + NPON¥YD = XLIX3IN) MO (AVI3ICIVIOL « NMO¥Y) =< X1LIX3N) 41 L1992
NIf3E 0952
N3HL OW ¥0 SW ¥0 W MO EW ¥O 2W ¥O IW 41 6892




W0JSsd
*9NeQs
sdhile
031854
A¥3EIN
¥v3¥sd

NIVWSd
SA91sd

0002010
1911200
2901400
09%0200
590200
20102C0

00Cz2010
2901200
2990400
0790200
9210200
cooosco

4559500
9999500
£L41900
§944500
£412900
£sE9200
0000000

NOILYWNOINI 3TNCONW
BITNYS«1SASOD00
NOILVWYOINI A¥V¥EIT

IX«9NI38202 TIANVN WYNOONd
D N1938
XN OW
02+S dS
¥ NAS
ONOJ3S ¥3d S3INIT L9 = 31v4 NOILVIIdwO)
SINIT 9692 = WYY¥S0¥d 32¥N0S
SANOI3SINIW £2%0% = IWNIL NOILVIIEWO)
SauoOm £95%2 = WY¥90¥d 1231890
( NOILdO X ) 300D ONISS2y00Y OG3ON3iX3 31V¥3INIY
-% @31S3ND3y¥ SNOILdO
Q31¥043¥ S¥Ou¥3 ON T 3137dw0) NCIMVIIdKOD

0599900
%121500
99244500
2452500
%5€5200
2000000
0000000

(» WYYDO0¥d NIVW =) “ON3

%692

157




APPENDIX 11

Summary of 1S0-0S1 Model of Distributed Networks

Layver

1. Physical

2. Data Link

3. Network

4, Transport

S. Session

N

Prezentation

7. Application

This sSummary

Definition

Concerned with transmission of
unstructured bit stream over physical
link; involvee such parameters as
signal voltage swing and bit duration;
deals with the mechanical, electrical,
and procedureal characteristics to
establicsh, maintain, and deactivate the
physical link. (RS-232-C, RS-449, X.29)

Converte an unreliable transmission
channel into a reliable one; sends
blocks of data (framez=) with checksum;
uses error detection and frame
aknowledgement (HDLC, SDLC, BiSync)

Transmits packets of data through a
network; packets may be independent
(datagram) o traverse a preestablished
network connection (virtual circuit);
responsible for routing and congestion
control. (X.25, layer 3)

Provides reliable, transparent transfer
of data between end points; provides
end-to-end error recovery and flow
control

Provides means of establishing,
managing, and terminating connection
(session) between two processes; may
provide checkpoint and restart czervice,
quarantine service

FPerforme generally useful transform-
ations on data to provide a standard-
ized application interface and to
provide common communications services;
i.e., encryption, text compression,
reformatting

Provides services to the users of 0SI
environment; i.e., *transaction serwver,
file transfer protocol, network
management

taken from, Local Ne tworks, AN

Introduction, by William Stallings [STALLS4].
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APPENDIX I11
Simulation Software Module Descriptions

1. Siml.

Siml is the top level procedure of the simulation
program. It controls simulation activity and flow in
the simulation environment. Referring to Figure 4.2,
the first three blocks perform variable initialization,
define the simulation network configuraticn, and prints
a dJdescription of the network in the auxiliary file
Auxout. The loop indicated is the actual =simulation
activity (described in zubsequent sectinns). Siml will
print compiled overall network statistics to the system
default output device and to the auxiliary file Auxout,
by invokKing Printstats. The procedure Activitysummary
prints a breakdown of the network statistics by device,
to the auxiliary file (Auxout).

2. Initialize

This procedure is wused to initialize certain
global wariables which need to be specified for each
execution of the program. Table IIl.1, is a listing of
the interactive queries posed by this procedure, alonq
with any constraints involved. The remaining variables
which do not require user-intervention are also

initialized in this section.
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Table III.1 Interactive Queries Posed by INITIALIZE

Query: Is there more than one Trunk ? Y.es or N)o
Response: Y or N, if answered yes then the
flag Trunkes ie set true, otherwise,
Trunks is set false.

Example: b 4

Variable: Trunks = True

Query: Identification heading for run:

Response: Valid responses are alphanumeric strings

with length less than 50 characters.
Heading appears on each output paqge.

Example: Simulation Configuration Test

Variable: Heading

Query: Maximum run time in seconds

Response: Valid responses are real positive numbers

which represent the time a simulation run
will execute

Example: 40

Variable: Maxtime

Query: Maximum Successful Sequence Transmissions ?

Response: Valid responses are real positive numbers
which represent the number of successfu!
message-wi th-data sequences will be

transferred over the entire network
simulation ends when Maxseqtx or Maxtime
I1s exceeded

Example: 100000

Variable: Max=eqtx

Query: Seed for Random Number Generator
Recsponce: Integer number. For best results, the

number specified should be an odd,
positive number with at least S digits
and not divisible by S or 7.

Example: 16227

Variable: U

The following queries will be posed if Trunks is True.

Query: Was the last Run a Single Trunk
Configuration Y)es or N)o
kesponse: Y or N, if answered yes, Inputmode =

interactive, thus forcing redefinition o+
the network. If answered no then the
following query will be posed.

Example: Y

170
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Variable: Inputmode

Query: Input Mode: I)nteractive or Flile ?

Response: This query will be posed only if
the last run was a dual trunk
confiquration, this is indicated by
answering no to the above query
If answered F, the network configuration
used will be read out of the Dfile. I¢f
answered I, then the network will have
be redefined by the user

Example: F

Variable Inputmode

The following queries will be posed if Trunks = False

Quervy: Was the last run a Dual Trunk configuration
Y)es o N)o
Response: As before, vyes will force redefinition
of the network and no will cause the
next query to be posed.

Example: N

Yariable: Inputmode

Query: Input Mode: I)nteractive or Flile ?

Responce: As before, answering no to the above
query will allow this quervy to ke posed.
The effect of this query is the same as
above

Example: I

Variable: Inputmode

171
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3. CharacterizeNetwork

Procedure CharacterizeNetwork eztablishes the
experimental framework of the simulation. The
individual adapters, devices, and sources are defined.
There are two ways tc establish an experimental modei,
interactively, or from an auxiliary file (Dfiled. The
method employed is determined by the wvaiuz ot
Inputmzae, defined by procedure Initialize, 14
Inputmode is equal <to interactive, then the <system
description will be pgrovided by the user interactively.
A sub-prcocedure RewriteDfile wili be called to store
thie interactive system description in the Dfile. I+
Inputmode equals +ile, then the system description used
ie the one stored in the auxiliary +file (Dfile),
implying a previous run where Dfile was created

interactively. A detailed listing of the interactive

queries posed by CharacterizeNetwork is presented in

Table 111.2.
4. PrintnetCescription

The p' uo2se o+ this procecure is to print a
detailed description of the system being modeled in the
auxiliary file Auxout.
S. FindNext(Tmi tter)

As previously cstated this model ie a discrete
event simulation. The esvent which drives the simulation

ie an adapter’s next scheduled tranesmit time, The
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Table II1.2 Queries Posed by CHARACTCRIZENETWORK
Query: Length of Trunks in feet (used for end
delay)
Trunk 1:
Trunk 2: ( appears for dual trunk )
Raspon<e: Positive real numbers
Variable: Trunklengthl(l]
Query: Number of Adapters in Network:
Response: Integer number in range | to Maxnumadanters
Variable: Numotadapters
in the Dual Trunk case the followino query will be made
Queryv: Which Adapter is Common to both Trunks ?
Response Integer number in range 1 to Maxnumadapters
Variable: Commad
Query: Adapter #i: Distance in ft. from priority 1
adapter oin Trunk 1
Response: Positive real numbers
Variable: Adapterfil.distfromAl
Query: Adapter Priority: Give in integer
fermyi.e., n = 1,2,....
Response: Positive integer numbers
Variable: Adapterpli11]1.P1
Query: Adapter Retry Count: This must be a unique
number for each adapter, in the range 0-64
Response: Positive inteqger numbers
Variable: Adapterplil.retryct
The Ffollowing two queries are made for the common
adapter *wo both trunks
Query: Distance in ft. from priority 1 adapter on
Trunk 2
Recsponse: Positive real numbers
Variahle: Adapterl[Commadl.Dist+rtAl
Query: Adapter Priority: Give in integer
form,i.e., n = 1,2,.....
Response: Positive real numbers
Variable: AdapteriCcmmadl.P2
Query: Adapterlil.Devicelj]l] desc. iption
Device status (Open or Closed)
Response: O o C. T if Adanterlil.Devicelj]
has an active, network gevice con-
173
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Variable:
Query:

Recponse:
Variable:

Query:
Response:

Variable:

Query:
Response:

Variable:

Query:
Responze:

Variable:

Query:
Response:

Variable:
Query:

Response:
Variable:

Cuery:
Responce:

Variable:

Query:
Recsponcse:

Variable:

nected to it. 0O otherwise.
Adapter[il.Devicelil.0pen

Device ID (<= 24 Char)
Alphanumeric string
Adapterlil.Devicelyl.Id

Device toc Adapter 1/0 rate (Bytes/sec)
Positive real number representing the speed
of the device 1/0 port.
Adapterlil.Deviceljl.tferrate

Number of Datza Sources in Deviceljl:
Integer number representing the number of
data sourcesz supplying the device with data
Adapter(il.PevicelJj].Numofsources

Data Sourcelkl ID:

Alphanumeric string with length <= 24
characters
Adapter(il.Deviceljl.Sourcelkl.Id

Sourcelk] Data gen rate (Bytes/sec)
Real number, reprecenting the rate at
which data arrives at dewvice.
Adapter(il.Deviceljl.Sourcelk].Genrate

Buffer size in bytes

Integer number, size of buffer filled in
device before network transmission is
requested.
Adapter(il.Deviceljl.Sc - zelk]l.Butfercsize

Receiver Id code ? (0 to end list)

3 digit intecer number, representing
Adapter#,Device#,and Source#$
Adapterlil.Devicel jl.Sourcelk]).Id

Probability ?

Positive real number 0 < number <= |
representing the relative probability
that the above receiver will be trancs-
mitted to by this
adapterlij.deviceljl.zoircelk]
Adapterlil.Deviceljl.Sourcelkl.Prob
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procedure FinaNext scans all adapters and picks the one
with the smallest next time to transmit, compared to
(Currenttime) <imulation time. After <celecting one
adapter, it will then determine if this adapter is
reserved for a reception of a message sequence from
another adapter. If the adapter is reserved, then it is
forced to wait, if not reserved then it i< returned to
the main program as the current transmitter.

é. PickA(Tmi tter)

This procedure 15 used to pick a receiver for a
transmitting adapter. The current transmitter’cs
atiributes are pasced to thie procedure, and an
aopropriate receiver is selected based on its list of
possible receivers and the relative probability of the
adapter being a receiver for the transmitter. This
procedures also determines whether a transmitter is
attempting to transmit to a different trunk. It
attempting a dual trunk communication, the transmitter
is assigned an intermediate receiver which is common to
both trunks.

7. ACollision

The purpocse of the boolean function ACollision, i=s
to determine whether or not the current transmitter has
unrestricted uce of the simulated transmicssicn medium,
[f another device attempts to transmit during a time

perind of equal to, or lese than = twice the
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propagation time between the two, a collision condition
will be declared. Thus, ACollision scans the network
devices comparing their next transmit time to the
current transmitter’s next transmit time and determines
whether or not a collision has occurred. In dual trunk
simulations the function ACollision will scan which
ever trunk is being used by the current transmitter., If
a collision is declared, then collision statistics are
updated, and both the current transmitter“s  and
colliding adapter‘s next transmission times are
updated.
8. Uniform

The Uniform procedure functions as a Random Number
Generator. It generatez pseudo-random numbers in the
range 0 ¢ number < 1. This procedure is used in various
sections of the simulation in order to inject some
randomnecss in the selection of receivers and in warying
some time parameter<.
?. Update

Update is the procedure in which the bulk of the
HYPERchannel protocol is modeled. As previously stated,
the simulation is driven by a discrete event. This type
of simulation is often referred to as activity
scanning, or event scanning. The svent which drives the
simulation is a transmit request by an adapter. Each

device is assumed to possess certain attributes

176

(' g



determined from observations of the real system. As an
example of this, if a device receives data from an
off-net <source to transmit ower the network at an
average rate of 1S Kilobytes per second, and <tores
this data in a 2 Kbyte buffer, it will request a
network transmission every 0.1363 seconds. This then
cerves to generate tranesmission requests for  the
simulation and in turn, becomes the event which drives
the simulation clock.

This procedure consists of seven cases, =ach of
which updates the current transmitter according to
where it is in a mess.ge-with-data sequence
transmission. The time periods involved are illustrated
in Fiqure 4.1, where the individual cases are indicated
and the program flags that signal the case an adapter
will go to on a transmit request.

Casel: The first time an adapter siqgnales a request
to tranemit there will be no messzage Fflags active,
indicating the beginning of a message sequence. Casel
will be invoked and the adapter will reserve itself,
initialize delay to 1 usec and retry to zero
(recervation scheme), set M1l true, and adjust its next
time to transmit by 64 usec,.

Case2: This case incorporates the adapter
reservation scheme (Figure 2.9). An adapter entering

(Case2, Cace3, Caszed, CaceS, Caseé, or Case?) 1 first
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checked to see if it is involved in a collision with
other devices. If no collision is detected the adapter
ie checked for dual trunk communication, if it is, then
an intermediate destination is determined. If not, then
the adapter’s intended receiver is checked to see if it
ies reserved by another adapter. If the intended
receiver is not recerwved, then the receiving zadapter
will be set reserved. Appropriate adjustmente to the
various transmission times, bit countz, message f1laqs,
and trunk parameters are made. I+, however, the
intended receiver is already reserved, the transmitting
adapter will enter the retry-delay reservation scheme
and ‘ts message flag will not be changed. Thus, the
adapter will return *5 Casel =each time selected until
it reserves a rece(ver, or aborts its transmission. I+
a collision is detected when ontering (Case2, Case3,
Cazed4, Caced, Caszed, or Cace?) then, appropriate
adjustments to adapter and trunk timing is made.

Case3: This case deals with the message proper
portion of the message sequence, If no collision is
detected, adjustments are made to the adapter and trunk
parameters.

Ca<ed: Thics case is esseﬁtially the same as Cacsel,
with the exception of the values used to update adapter

and trunkK parameters,
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CaseS5: In CaseS a determination of how manr data
sequences need to be transmitted is made, this based on
the size of the data buffer of the transmitting source.
The firet sequence will be updated and i+ more than one
sequence it to be sent then message flag M4 will not be
changed. Approsriate timing adijustments are made in
this section also,.

Cacseé: When all data sequences have been sent,
Caseé is invoked. Appropriate timing adjustments are
made in this section.

Cace?: There are three poszcibilities encountered
in this section: same trunk communication, adapter to
common trunk adapter communication, and common trunk
adapter to adapter communication. The last two in
combination comprise a dual trunk communication. In all
cases this is the termination of a message sequence.
Both, ths receiver and transmitter are released, and
appropriate timing adjustments are made.

10 Printstats

This procedure compiles and writes to *he system
default output device, and auxiliary file (Auxout), an
overall summary of network activity. Examples of this

follow:
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Single Trunk Simulation Results

%¥% End of Run Network Statistics ==x

Current Time nn.nnnn

cecs

Successful Sequence Transmissions
Collisions (Frames)
Waits (Frames)
Total Attempts (Sequences)

Total Aborts

Total Trunk Active Time

4 Total Active Time

Control Bytes Transmitted
Data Bytes Transmitted
Total Bytes Transmitted

Total QOffered Load

Halia )
tnnnnn
:n.nE+nn
tnnnnn
HaL L L

thn.AnnNn secs

ifn.nnn

v/
e

tn.nnnNnnE+nn Mbrtes
:n.nnnnnE+nn Mbytes
tn.nnnNNE+nn Mbyrtes

tn.nnnnnE+nn Mbytes

Dual Trurnk Simulation Results

*¥#% End of Run NetworkK Statistics =<=»

Current Time : nn.nnnn

secs

Successful Sequence Transmissions

Successful Sequence Transmissions-Trunk 1
Successful Sequence Transmissions-Trunk 2

Collisions (Frames)
Waits (Frames)
Total Attempts (Sequences:’

Total Aborts

Attempted Trunk-Trunk Transmissions
Succe2essful Trunk=Trunk Tranesmicscsions

Trunk ! Active Time

Trunk 2 Active Time

Total Trunk Active Time
%4 Trunk 1 Active Time

% Trunk 2 Active Time

4% Total Trunk Active Time

Control Bytes Tranemitted
Data Bytes Trancsmitted
Control Bytes Transmitted
Data Bytes Transmitted
Total Bytes Transmitted
Total Offered Load

Trunk
Trunk
Trunk
Trunk
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tNNNNN
tnNNNN

L LI
:nnNNn
tn.nE+nn
tnNNNN
innnnn
snnNNN

Aannnn
tNn.NNNN sSecs
in.NANN secs
tn.NNNN secs
rnn.ANN 7
tNn.nNn %
tnn.NNN 7

tn.nn Mbytes
in.nn Mbytes
:n.nn Mbytes
tn.nn Mbytes
in.nn Mbyrtes
in.nn Mbytes
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11. Activity Summary

This procedure printe detailed breakdown by

device, of network activities. This summary is printed

to the system default output device, and the auxiliary

file (Auxout). The categories detailed are as follows:

Time Active:

Time Waiting:

Time in
Collisions:

Average Message
Delay:

Abort count:

Transmission
Count:

Reception Count:

Wait Count:

Time device spent trans-
mitting and receiving.

Time device zpent waiting
to transmit due to its

adapter being reserved.

Time involved in collisions
by device.

This is the average time
length 0of a message
csequence sent by this
device. If this number is
0, either the device can’t
transmit, or it tried to
but never sent an entire
message sequence. In the
latter case, mescsage delay
would have to be > than
simulated run time.

Number o©of aborted transmis-~

sion attempts (recservation
scheme’ .

Number of successfully
transmi tted sequences

Number of successfully
received sequences

Number of times device
had to wait to transmit
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Collision Count:

NMumber of times engaged

in a collision. (note:
these numbers are actually
double the total shown in
overall statistics due to
one count for each col-
liding adapter.
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