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ABSTRACT

Distributed decision problems arise when two or more sensors viewing the
same phenomenon must work cooperatively to draw inferences about the
observed situation. Typical examples are in target detection and target
classification. Such problems are characterized by distributed processing of
information and communication between processors over a limited bandwidth
data link. This thesis presents some statistical distributed decision algorithms and
describes the implementation of one of them on a set of loosely coupled
multiprocessor clusters which simulate the distributed environment characterizing
multisensor decision problems. The purpose of the implementation was to
investigate problems of communication and process synchronization in a pair of
processor clusters performing a statistical distributed decision algorithm. This
thesis describes how these communication and synchronization problems were

addressed and solved.
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I. INTRODUCTION .

A. PROBLEM DESCRIPTION

Modern military battle systems increasingly rely on the coordinated use of
information from multiple sources to assess the battlefield situation. Two or more
remotely located sensors may observe the same object with the purpose of
drawing inferences about the observation. A common example is in the use of
radars to detect and eventually classify objects for purposes of an appropriate
response. In this type of scenario it is important to process the acquired
information jointly to arrive at the optimum or near optirnum decision.

A simple example to demonstrate the distributed decision scenario is

illustrated in Fig. 1 and explained below.

OBSERVATION OBSERVATI
VECTOR 1, : RecTOR ?:'
SENSOR LIMITED BANOWIDTH 55%’30'*

PROCESSOR COMMUNICATION PROCESSOR

Figure 1 - Distributed Decision Scenario

Two sensors, labeled A and B, observe the same area in space to jointly make a
binary decision based on the statistical properties of the observations: either a
target is detected or there is no target detected. In certain situations the optimal
decision made by ecach sensor acting individually would result in each deciding
that a target exists when an optimal joint decision would decide that a target

does not exist. This dichotomy points out that in order for a higher level process
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to make a correct decision about the object, the distributive nature of the 4’}::5;\9
AT
problem must be built into the front end statistical decision procedure. R,
The problem of distributed processing of the observation data to achieve 1
optimal or near optimal decisions is discussed herein. The sensors are configured ::::-,';3-__}
. .\-:_.I‘
to perform computations to reduce the observation data and to communicate NS
A
among themselves over a limited bandwidth channel. Algorithms which operate St
. . . . . . e . . . {
in this environment are called distributed decision algorithms. Algorithms which lr{:

.

perform computations on all the observation data collected and gathered at one
central location are called centralized algorithms.

i This thesis deals specifically with modeling a particular class of distributed
r' decision algorithms in a multiprocessor environment, and with related issues of

process synchronization. Although centralized algorithms are not of concern

here. a companion thesis {1] deals with non real-time simulation and evaluation of
distributed decision algorithms and comparison with centralized algorithms.

Although the thesis deals with a particular class of distributed decision
algorithms. the implementation problems presented by the algorithm would be .
typical of most distributed algorithms. Thus the work can be regarded as
developing a test facility in which distributed decision algorithms can be tested in
a realistic computational environment.

The problem is to model the processing environment of two sensors which
collect data on a common object. The sensors and their associated processors
then perform parallel processing to partially reduce the data and the partial
results are exchanged via a local area network. A final decision about the
observed object is then made at each sensor, based on the locally processed data

and the exchanged information.

B. HARDWARE/SOFTWARE CONFIGURATION

The hardware/software configuration used for the modeling of the distributed
decision network was the REAL-TIME CLUSTER STAR (RTC *) system. This
system was developed by thesis students under the AEGIS Project Group at the

Naval Postgraduate School. RTC * was designed to handle algorithms of the type

10
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incorporated here with the appropriate synchronization and control primitives.
The hardware consists of two clusters of single board computers (SBC’s) sharing
a common backplane with an Ethernet local area network(LAN) serving as the
communications link. The operating system is a distributed multicomputer real-

time executive that permits asynchronous parallel operation of processes resident

on SBC’s of the same cluster and in separate clusters linked by the LAN. User

processes, such as the distributed decision algorithms, are resident in the local
memory of each SBC. They can share data and control variables using the
i common memory in each cluster, as well as the backplane and the LAN data B

- paths. -
. A detailed description of the hardware system and the software operating -

system is provided in [2]. The distributed decision algorithms are organized as a .

number of separate processes on various single board microcomputers in the two -
cluster arrangement. Process synchronization is achieved through certain await.
advance. and read primitives to control the orderly multiple/parallel process
execution as well as a sequencer to control the allocation of the LAN shared
resource. Each cluster simulates the operations that would be performed by the -
sensor processors. Data read from disk storage simmulates the input sensor

observations. Each processor then performs the necessary computations to reduce

the data to the statistics required for the joint decision. One set of statistics are e
then exchanged between clusters while another set is retained locally and
computation is continued to produce a combined statistic based on the joint
data. This combined statistic is then compared with a predetermined threshold to
make the detection decision. Computations continue while data is available for

input and the decision results are displayed on a local console of each cluster.

C. STRUCTURE OF THE THESIS s

In the remainder of this thesis the distributed decision problem is defined and

various distributed decision algorithms and their characteristics are discussed.
The implementation of one algorithm in a distributed multiprocessor test

environment is introduced and discussed in detail. Emphasis is placed on N
A
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obtaining solutions to -the problems of communication and synchronization for
processes operating in two remote computer systems. The specific contents of

each chapter is as follows.

Chapter II presents the distributed decision problem with a discussion of a

specific distributed decision algorithm. Simple examples illustrate the detection
problem with a binary decision rule.

Chapter III presents the implementation of a specific detection distributed
decision algorithm in the RTC* multicomputer system and discusses important
issues relevant to the implementation of this type of algorithm.

Chapter IV is a summary of the findings and summarizes the results of the

implementation in the RTC* multicomputer system.




II. DISTRIBUTED DECISION ALGORITHMS

A. SUMMARY OF ALGORITHMS

Alternative approaches to a simple binary (two hypothesis) decision problem
are presented in this chapter. The various algorithms have overall similar
characteristics in that local computations are performed by each sensor, reduced
data is exchanged over a limited capacity communications channel, and final
decisions are made based on the joint observations of the sensors.

The discussion here assumes that there are only two sensors involved (A and
B) and that the task is to make a binary decision (#,: target is present, or H,: no
target is present). Generalization of most of these methods to multiple sensors

and /or multiple hypotheses is possible.

1. Tenney - Sandell Algorithm

Tenney and Sandell [3] seem to have been the first to look at distributed
decision algorithms of the type described here. In their work, the observations of
the two sensors are assumed to be independent when conditioned on the decis'ion
hypotheses. Such independence of observations could arise if the sensors
measured different physical properties of the target (e.g. radar cross section and
infrared radiation). The sensors each make a binary decision based on their own
observations and send the result (a single bit) to a fusion center for arbitration.
A cost criterion was devised that depends on the decisions made by each sensor
and on the two hypotheses. Tenney and Sandell showed that the procedure that
minimized the expected value of the cost is a likelihood ratio test at each sensor.
However the thresholds used by the two sensors are coupled through some

integral equations.

2. Relaxation Algorithms

Relaxation algorithms [4.5] are another way to execute distributed

decisions. These algorithms are less well-founded in a theoretical sense, but seem
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to work well in practice. In the relaxation algorithm each sensor makes an initial
decision based on its own observations. The decisions are exchanged and each
sensor may then revise its decision based on the new information. The procedure
works best when there are multiple decision makers involved and may require

more than a single iteration to converge.

= 3. The Generalized Likelihood Ratio Test

If the information exchanged between sensors is more than a single bit,

but limited to, say, a single floating point number, then a whole new class of
procedures can be suggested. In particular, if the observations are independent
as in the Tenney-Sandell analysis, then the likelihood ratio for the joint
: observations factors into two parts, each depending only on the observations of a
~n single sensor. Thus each sensor can compute the likelihood ratio (or log
likelihood ratio) statistic for its own observations and send it to the other sensor.
Each sensor then has the complete information required for making a decision to
o minimize probability of error based on the joint observations.
r A more interesting problem occurs if the observations are correlated. In
this case the joint likelihood ratio does not factor in such a convenient way.
[ However, a procedure can be suggested that leads to a relatively simple decision
- algorithm. Let the observations acquired by sensors A and B be represented by
x; and y, respectively. The optimal centralized test to minimize the probability of

- error has the form

In

H K
P 1(x0,¥0) P 1(Xo) p1(Yo: Xo) >.
= 1in n X InT (l) s
P 2(%0,¥0) P 2(%0) P2(Yo. Xo) ;2 AT

where the subscript i on each probability density function p indicates that the Tl
density function is for hypothesis H;. A distributed form of this test can be S
:l:t developed by allowing sensor A to compute the first term in (1) and allowing -
sensor B to compute an approximation to the second term (the conditional log

likelihood ratio) by using some estimate for the observations x,. This procedure is
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known as a generalized likelthood ratio test [6]. In essence, when the density

function. involves an unknown parameter (in our case x, in the second term in

. (1)) estimates are made based on each hypothesis (x, for H, and x, for H,) and
: used in the corresponding density function. The form of the second term then
- becomes

pilye %))
In—————

2
2 P2Yo %) @

If sensor B sends the result of this computation to sensor A, then the test (1),
can be evaluated to make a decision. A symmetric computation can be made with
the roles of A and B reversed, where the the estimates for y, are §, and #, at
sensor A.
The decision rule just described has a number of essential differences
from the corresponding centralized algorithm. First. since the likelihood ratio
evaluated by one sensor uses an estimate for the other sensor’s observations, the
performance of the algorithm will in general be different and suboptimal when
compared to the centralized test. Second, since the two sensors perform
symmetric computations with the roles of x, and y, reversed, there will, in general
be a region of the combined observation space where the decisions of the two
sensors do not agree. The properties of this class of distributed decision
algorithms is dependent on the various methods of estimating the unknown
observations x,. If the sensors are allowed to exchange only a single statistic then
- the estimate for x, must be derived entirely from y, (e.g. using MAP estimation)

and the resulting decision rule is of the form

H,

- Aa(xo) = Aplyo) > InT (3)
H,

This limits the degree to which the distributed test can approximate the

' centralized test since in many cases the centralized test will not be separable. e
- The log likelihood ratios in (3) are computed at their respective sensors RO
o KON
. and once the primed statistic is received, it is added to the unprimed locally f'_::.'.::
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e
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computed statistic and the result-is compared to the known threshold, In T. For

the case of Gaussian observations, the densities, p, and p, of (1), are of the form

t o= e |- - mO) T KO w2 (g
' (2r) ¥ | KO 2

! and the points where the sum of the statistics in (3) is equal to In T establish a

decision boundary for this particular decision rule. If observations x, and y,

result in a point with value greater than the boundary value, the decision is H,
and if the value is less than the boundary value the decision is H,. Decision
boundaries for Gaussian density functions are generally elliptical, parabolic, or
hyperbolic and define two (not necessarily connected) regions., one for each

hypothesis.

4. Decision Based on the Nearest Neighbor Rule

A final form of distributed decision algorithm is based on the k-nearest
neighbor rule of pattern recognition [7]. In this nonparametric decision rule, a set
of observations to be tested is represented as a point in a multidimensional
observation space. Also existing in this space are previously given sets of points
(training data) corresponding to each of the two hypotheses. The distance of the
measured observations to each of the other points is computed to determine its k
nearest neighbors. If most of the neighbors correspond to H, then the given
observations are also associated with H, otherwise the given observations are
classified according to H,.

A distributed form of this decision rule can be developed by letting each
sensor determine a small number of nearest neighbors in the x or y subspace. If
the labels of these points and their distances from the observation data are
interchanged, one can compute the distances in the xy observation space and
classify the observation data. This policy does not guarantee that the true
nearest neighbors will always be found but allows a decision to be made without

further iterations and exchange of information.
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B. GENERALIZED LIKELIHOOD RATIO TEST

The algorithm based on the generalized likelihood ratio test was chosen for
implementation on the distributed system. It has requirements for
communication and process synchronization that are representative of distributed
decision algorithms in general. The performance characteristics of the generalized
likelihood ratio test are investigated in [1]. If the joint density function for vector.
observations x and y is Gaussian, then a quadratic decision boundary results.
This is known as a quadratic classifier [8]. The joint density function for

observations x and y has the form

p(z) = - 1 exp _%zz—m"llr KOz -mb) | i=12 (5)
2

(27) 2

KO,

where z is the observation vector with elements x and y and m!") is the mean

vector

. (v)
m(l) = ml' i:l,2 (6) v Y
m'} ) _".'\'
. , o ' RGN
and K is the covariance matrix partitioned as follows ~',-_‘:':: N
LY
OO
b".n." &"r-
KD BUY | -
= B’(:-')TK:(V-') i=12 (7)

Note that K" is the covariance matrix for x, K') is the covariance matrix for y,

and B/)) is the cross covariance matrix between x and y. The marginal and

conditional densities are Gaussian [9] and are given by

1

p(x) =
(27)

¥ T
2

1, . ioq - ;
exp [ 7 x-miT KO x - m,(-n]
Kl ?
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ply x)= ! .eXP[-

. ’ ﬂ iy
.‘ (2r)? KN, |2

0 |-

E y - mr(i‘)xlr ixv(‘l)x}-‘ 1 y - m'“):]]

i=12 (9)

. 1 1 i in- i
: P.(¥)=—-—i—-——le’w[—;[)"mplrlxpl'[Y—m'“'l]
(2”)2 K'(l)z

i=1,2 (10)

?. 1 1 N . i) =1 1)
plx y)= ew[—;ix—mi’,%r .Ki;)ye'.x*mz"..]

; ¥ 1
F' (2")2 . Kz(.,)y 2

where the conditional covariances and means have the form

K/, = KM -BYITKOIBY,i=1.2 (12)

L
DA A
o .

ml), = m" - BT KN 'x - m)), i=12 (13)

v'. v
AR RS
S <

Since the x term of (13) is not available at the given sensor, an estimate of the

— vy v
AR .
DN

‘! )

form

T
ot

e

% =m!" - B KMy —mi), i=12 (14)

YT e Y
AR

is used. The estimate is the value of x that maximizes the density p,(x y).

.‘.I
i

L T SR I

Symmetric forms of (12), (13), and (14) are used for K, ,. m, ,. and 9, at the

P
e

.
[

other sensor.
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The natural logarithm of (8) is given by
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In p, (x) =—7:-[ln(2x)~~ In | K| ~x - mT KO ix - m{) ] i=1,2 (15)

and the natural logarithms of (9), (10), and (11) are similarly obtained. The
logarithms of the conditional likelihood ratios are then used to obtain the terms

on the right side of (1). The term given by

P 1(%0)
A =In =In ~In 16
4 (Xo) %) p1(x%o)—1n p3(xo) (16)
then becomes
Aalxo) = - 3 [In KD+ - mBYT RO x -
s [ KM s x - m®T K x-m ] (17)

Expanding (17) and collecting terms leads to the form

Aa(x) = xTA x =bTx+ ¢ (18)
where
R (n‘—l]
A=o [‘x, It K (19).
is an NxN matrix.
b7 = [T K- mr k] (20)
is a 1xN vector, and
c =4 w7 KB tm@ - T KO m Ly __K_‘m_ (21)
= 2 . . T 1 R 4 . z 4 K’(”;

is a scaler.
The coefficients of the conditional log likelihood ratio. A, (x,) are called A", b,
and ¢ and are derived in the same way with (12). (13). and (14) substituted for

the corresponding variables. Similar coefficients are calculated for Ag(y,) and

19
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j' As(ys) and are listed in Appendix A along with the coefficients for A, (xo) and

Aa(xs). The computations of A, b, ¢, A, b’, and ¢  are performed prior to their
use in a real-time application and are input at the start of each process as the

parameters for each of the quadratic classifiers.
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III. THE TEST ENVIRONMENT

A. HARDWARE DESCRIPTION

The test environment ‘for the distributed decision algorithms, designated
Real-Time Cluster Star (RTC *), consists of a highly modular hardware base and
a highly flexible operating system. The hardware consists of two clusters of
single board computers (SBC’s), each sharing a common backplane and an
Ethernet local area network (LAN) serving as the communication link. Thus
each cluster can be thought of as a node of a network and each node has multiple
processors on a common bus.

1. The Cluster

The cluster configuration is diagramed in Figure 2. Each cluster consists

of three SBC’s physically connected by the MULTIBUS. Each SBC has 64K
RAM of local memory and can access an additional 64K RAM board of shared
memory and a 32K RAM board of common memory on the MULTIBUS. Also
connected to the MULTIBUS are hard and floppy disk drives used for bootup

and input/output operations.

SHARED COMMON
DISK
MEMORY MEMORY
MULTIBUS CLUSTER 1
SBC 1 SBC 2 SBC 3

Figure 2 - Cluster Architecture

2. Real-Time Cluster Star (RTC ")

Figure 3 illustrates the RTC* architecture. It consists of two clusters

connected by the Ethernet LAN. The Ethernet LAN/MULTIBUS interface is

21




*he InterLAN NI2010 Fthernet Communications (octenller Board (ECCB). This o

pronides each cluster with its connection to the network. Further information on
operating characteristics ot the Ethernet LAN and RTC * use of the Ethernet
LAN is available in {2,10].

K SHARED COMMON
pIS MEMORY MEMORY
MULTIBUS CLUSTER 1
T 1 | C
SBC 1 SBC 2 SBC 3 ECCB
ETHERNET LAN |
SBC 1 SBC 2 SBC 3 ECCB
-
MULTIBUS CLUSTER 2
SHARED COMMON
DISK MEMORY MEMORY

Figure 3 - Real-Time Cluster Star (RTC") Architecture

B. THE OPERATING SYSTEM ENVIRONMENT

MCORTENX. the operating system. is a distributed multicomputer real-time
executive. It allows for asynchronous operation of processes resident on SBC’s in
the same cluster and in separate clusters which are linked via the Ethernet LAN.

System synchronization of computations in various distributed processes is

accomplished using the synchronization model of Reed and Kanodia [11]. This
<ection describes the MCORTEX system distribution of control variables. known .




S AT ACR - RTY TR ww g

as eventcounts and sequencers. The modifications to the operating system,
necessary to distribute user data throughout the system, are also discussed in this

section.

1. The Synchronization Model

The MCORTEX operating system is based upon a synchronization model
which is event oriented. Processes coordinate various activities by signaling and
observing events using synchronization variables known as eventcounts and
sequencers. An eventcount is a variable created by the user to signal the
occurrence of an associated event. Eventcounts are initialized with the value
zero and incremented by one each time the associated event occurs. The
mechanism used to signal this occurrence is a call to a system primitive, the
advance. which causes the eventcount to be incremented by one. A call to
another system primitive, the await, causes a process to wait until the
designated eventcount has reached a designated threshold. Once the
eventcount value is equal to or greater than the threshold value the process
may continue its execution. Therefore, processing at distributed locations may be
controlled using eventcounts which are signaled and ohserved with the
advance and the await primitives.

A sequencer is a variable provided by the system to control the
allocation of a system shared resource. The sequencer is a positive integer
number generator which starts with zero. It increments by one after providing
its current value to any process which requests its associated shared resource.
The ticket operation is the mechanism used to obtain a number from the
sequencer. The number obtained is used as a threshold value in the await call
to a system eventcount which is also associated with the shared resource. As
users of the shared resource relinquish it. they increment the associated
eventcount with the advance. This allows the user with the ticket value
which matches the eventcount to gain access. An example of a shared resource

controlled by a sequencer is the Ethernet LAN.
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2. Eventcount Distribution
The kernel of MCORTEX is resident on each SBC and schedules

processes for execution. A process runs until it invokes one of the system

primitives, the advance or the await, which results in the actions described in
Section B.1. The advance of an eventcount, which is used only within one
cluster, causes an update of that clusters eventcount value. Processes in the
same cluster, which are awaiting the eventcount, may then continue to execute,
Update of eventcounts required for intercluster synchronization are packetized
for transfer. via the Ethernet LAN, to the other cluster. The operating system
procedure which accomplishes the transfer is located on SBC 1 of each cluster
and is referred to in this thesis as the driver. The driver is the system software
modified to allow for user data transfer between clusters.

3. Data Distribution

Data which must be shared between processes of the same cluster is
made accessible through the use of pointers to access the local cluster shared
memory locations. In the RTC* system. buffering of data must be done explicitly
by user processes since no means of dyvnamic allocation presently exists. In this
thesis. the real-time application requires the immediate use of the data generated.
which precludes the need for buffering. Static storage locations, which are
overwritten. are used for transfer of data throughout the system.

Data transfer from one cluster to another is accomplished by first
establishing an absolute address in the local cluster shared memory to receive
the data to be transferred. A pointer is used to access the absolute address in
shared memory and the data value based at the pointer is updated. The sv<tem
driver is then notified that a data value is ready for transfer. The Ethernet
LAN sequencer provides the ticket to the user process for this data transfer.
Once the ticket for this data value matches the eventcount associated with the
Ethernet LAN. the data value is transferred to the driver’s transmit data block in
the appropriate data field in local cluster shared memory. The driver then causes
the necessary calls to system subroutines to allow packetization and tran=fer over

the Ethernet.
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At the receiving end the message is processed by the local ECCB and the
data is placed in the receive data block. The driver then stores the data valye at
the absolute address designated in the receiving clusters shared memory.
Another pointer is then used in the receiving process to access the absolute

address in shared memory. The data value based at the pointer is then available

for further computations in this cluster. When the eventcount associated with
this data transfer is updated via a similar procedure, the remaining computations
are performed. User process eventcounts prevent the generation of additional
data until the remaining computations in the present iteration are complete.
Appendix B provides an explanation of the steps necessary to create the
system driver and user command files. The driver modifications required to

transmit and receive data values for the distributed decision algorithms are

shown in upper case lettering in the system procedure SYSDEV.PLI in Appendix oM
C. User defined pointers and variable basing are shown and described further in i

the user procedures PA2, PA3, PB2, and PB3 in Appendix D.

C. ALGORITHM IMPLEMENTATION
Each cluster can be viewed as representing the set of local processors of a
particular sensor which obtains large volumes of raw observation data from a

target for initial processing. Decision rule parameters and raw observation data

are read from local disk storage to the processes of two SBC’s in a cluster. Two
identical data sets are processed in parallel to generate a different reduced

statistic in each processor. One statistic is to be used locally (at the same sensor)

in further computation while the other is to be sent to the remote sensor for use

in further computations. The local sensor then receives a reduced statistic from -~
the remote sensor to combine with its locally retained statistic. The final result
of the combined statistics is then compared to a decision threshold and the
decision is displayed at a local sensor terminal. -

1. Process Distributivity /Parallel Processing

The implementation of the decision rule described by (1) is accomplished

with the following organization. The sensors associated with the two system

25

S,




?
.,
)
'.j: clusters, as well as the clusters themselves, are referred to as SENSOR A and .
- SENSOR B. As illustrated in Figure 4, each sensor uses two processes labeled
" PA2(PB2) and PA3(PB3). Process computations take place in time order from
:\-:: left to right and computations shown above/below one another are performed in
parallel.
SENSOR A
PA2: Compute X, (X,) Compute A, (Xo) + Ap(Yy)
PA3: Compute ), (X,)
. SENSOR B
-. PB3: Compute Agz(Y,)

e PB2: Compute g (Y,)  Compute Ag(Y,y) + A, (X,)

te,

Figure 4 - Computations of Reduced Statistics

(i}
P

Processes PA2(PB2) and PA3(PB3) are resident on SBC 2 and SBC 3.

- respectively, at each sensor. Computations are performed as shown, with ‘ae

::::- primed statistics exchanged between sensors to allow further computations in
. processes PA2 and PB2. The detailed computations discussed in Chapter II are

shown in user processes PA2, PA3, PB2, and PB3 of Appendix D.

,', 2. Process Synchronization

::t: Synchronization of events during the decision rule computations is crucial

for accurate and meaningful results. As illustrated in Figure 5, the careful
synchronization of time critical events is coordinated with the use of two
distributed eventcounts at each sensor. The A1EVC eventcount of Sensor A is
advanced to signal the availability of the statistic A4 (x,) for use in PB2 of
Sensor B and the BIEVC eventcount of Sensor B signals PA2 of Sensor A that
- Ag(¥o) is available. The A2EVC and B2EVC eventcounts control the timing of

the next input operation at both sensors to ensure correct correspondence of the




observation data. In distributed processing multicomputer systems, it is essential
that all threshold values used in the calls to the await primitives for comparison
to the eventcounts, be initialized properly to ensure continued operation of the

real-time system.

SENSOR A
GET COMPUTE AWAIT COMPUTE &‘COMEA RE GET
Xq A4 (%0) BIEVC Aa(x0) = Aglyo) ZIn T 1 X }
PA2:| I l | 1
ADVANCE AZEVC A
GET COMPUTE SEND AWAIT GET
X A TO B A2EVC X
PA3: | 0, talxl J 4 .9 4
AJL | m | 1
A ADVANCE AIEVC
»ovpe
SENSOR B RS
LSS
R SEY
R
GET COMPUTE AWAIT COMPUTE & COM;ARE GET :-',‘_-:..
Yo Ag (¥o) AIEVC Ap(yo) + Aalxo) ZIn T Yo | - A
PB2: {---— f - : |
ADVANCE B2EVC
GET COMPUTE SEND AWAIT GET
PB3: |- 'l | ] 1

‘_ADVANCE B1EVC

Figure 5 - Synchronization Diagram

As one might expect, there is a need to ensure that the required statistic,
A (xg) or Ag(yo), is available for use prior to advancing the AIEVC or BIEVC
eventcounts. This is insured by the forced synchronization of events inherent in

the sensor to sensor transfer of user data and eventcount updates. The statistic

to be transferred is stored in shared memory and transferred as described earlier.

Once the Ethernet LAN sequencer ticket value is obtained for the data transfer ,-’_'-:'.:-:
and the request is placed in the ERB queue, the appropriate A1EVC or BIEVC %j:::::
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eventcount is-advanced causing a system request for a ticket value from the same
L sequencer. This places the eventcount transfer request, which will signal the

availability of data, behind the data transfer request in the same ERB queue.

Therefore, when the eventcount is finally updated at the remote sensor the

B
]

:' statistic required will be in place and available.
% In the final stage of computation the reduced statistic retained locally
and the statistic received from the remote sensor are added in processes PA2 and _
: PB2 of each sensor and compared to a threshold (see Figure 2). The reduced
statistics A, (x,) and Ag(y,) are added and compared to the threshold at sensor
A. Similarly, Ag (yo) and A, (x,) are added and compared to the threshold at -
y Sensor B. Results of the threshold decision are tabulated on the local consoles of h'
: each sensor and the loop begins again with the next observation vector read from "
- disk. The processing of input observation vectors continues, simulating real-time E':,‘
o operation until the vector files are depleted. .
% D. RESULTS OF THE SIMULATION i
In the development and use of the test environment it was verified that it is
r important to distribute computation among processors to better utilize the e,
o available computational ability and minimize interprocess communication. "
g Processes at each sensor were broken up and distributed among the available ‘-
: . processors to gain increased computational advantages. Since processes at remote ;':‘:':
sensors had to be carefully synchronized. specific semaphore-like mechanisms
"_'.:j were made available to provide this synclronization over the network. The
E'.:f specific mechanisms used in this implementation are the await and the
advance. Correct operation of these synchronization mechanisms over the _—
network depends on the prompt and orderly communication of protected -
variables used by the synchronization mechanisms. This orderly communication ::"ﬂ:.}_
is achieved by the ticket operation. Successful implementation of a distributed S
i decision algorithm requires the availability of all of these control mechanisms. 7
. o
. v
28 A&
& o
3




L T T T N T I R R T T Y T N T T T T T R Y T N G G g T s Wy -~

St

oA
2
R

IV. CONCLUSIONS -

Se

The process of distributed decision making by two cooperating sensors wae
A

observing a common phenomenon was introduced in this thesis. Decisions reached ;-::-;-

in this cooperative way produce more reliable results than those of sensors acting
alone. Such decision procedures are characterized by the need to perform local
computations at each sensor and to communicate partial results to the other
sensor. Although several types of algorithms were cited to accomplish the desired
distributed decision procedures. all have similar computation, communication,
and process synchronization requirements.

A particular distributed decision algorithm based on the generalized likelihood
ratio fest was implemented to explore the computation, communication, and
synchronization problems. The implementation was accomplished on a two node

network connected via an Ethernet local area network. Each node of the network

contained the required number of identical microprocessors sharing a common

bus. shared memory, and network interfacing. U

.
’
s

Problems of intercluster as well as intracluster synchronization of events

P
P

between processes to ensure the timely input of observation data and the

AR
'

coordinated computation using the shared data from the opposite cluster were
tested and resolved. Initial results using the generalized likelthood ratio test

algorithm demonstrated the feasibility of performing the computations involved

in the distributed decision algorithms in a realistic environment. The
requirement for carefully designed, network-wide process control mechanisms was
also found to be essential. The specific procedures used were discussed in the

body of the thesis.
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APPENDIX A

Quadratic Classifiers

Specific formulas for the quadratic classifiers, A, (Xg), A4 (Xo), Ap (¥o), and
A é(yo) described in Chapter II are provided in this appendix. Each quadratic
classifier was derived similar to A, (xo), in Chapter II, Section B. The
coefficients, A, b7, ¢, A", bT *, and ¢, the necessary expanding equations for
variables Kz(’i) m,(i)y, K!}‘;)z, and my(‘) and the estimates, y, and X,, are

Yy 2z

given as functions of the known terms, K {*), m ("), Ky(‘), my('), and Bz(;)'

The coefficients computed for

Ag(xg) = xTA x +bTx + ¢
are

A=L1 [[K(Z)]-l _ [K(l)]-I]
2 z I
b7 = [m T R - )T K

(2)
e = L lmBT ®O - T KO m ) 4

The coefficients computed for

Ay(xg) =xTA x +bT'x + ¢
are

, 1 _ -
A LSRR AR

b7 = | m 0,7 K,) - ()7 K, ]
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} (2)
.1 i} _ | K7y
e = 2 mf®,17 KD, 17 mf®, - [mD,)T KD,) mfD, + a1t
l KI ly l
KW, = K - BY KM BT
KW, = K - B (k0] BT
mll), = mfh + B KM [y - m)
m{, = m® + BY KO |y - m(?)
_‘ 9= m{" + BOTKM fx - m )
:: 9:= m{ + BT KA x - m )
The coefficients computed for
: Ap(yo) =¥TA y+bTy +¢
are
1 2y - _
A= ? [{Ky(")] 1 _ [Ky“)] l]
b7 = [fm7 KO - (w7 ) o
Ul et e o i | K2 S
e = _2_ {my(-)]r iKy(.)] lmy(2) _ [my(l)]T {Ky(l)] 1my(1) +1In _l_K_y(W RS
The coefficients computed for R
Ag(yo) =y Ay +bT 7y + ¢
are et .".
p 1 2 . . _ e
A’ = 3 [Ky(-).l] - iKg/(l)z] : .'
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.
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APPENDIX B
LINKS86 Input Option Files

When linking files to create a command file for use on each SBC, the
following command is invoked with the appropriate user filename: LINKS86
filename [I]. The "I" in square brackets invokes the input file option which directs
LINK86 to obtain further command line input from the designated input file. As
an example, the modules listed in CA.INP are linked with the command: LINK86
CA[l], where the "I" indicates that CA.INP contains the names of the files to be
linked. The name preceding the equal sign is the filename assigned to the
command file. LINK86 CA[I] produces the command file CA.CMD, which is the
system driver for Sensor A (cluster A). All files listed in the input file must be on
the logon disk and must be of type object (.obj). Object files are generated by

compiling files of type PLI (.pli) or A86 (.a86). The above steps also apply for

linking the system driver files for Sensor B as well as the user files, processes
PA2, PA3, PB2, and PB3, to create the respective command files CB.CMD,
NUMI12.CMD, NUM13.CMD, NUM22.CMD, and NUM23.CMD.




e o e o e e e 3l s 3 e s e e 46 280 o 3 4K 3 ke o ook o e e o 2 a4 s ok e 00 3 e e o o o e o o kK o o e ook e e ok e e
3tc o e el 3 e 2eofe e 2t e o e e s afe e afe ok e oo e sfe e alesteafe s abeale le e ik ik sieale e ool afealk ae o o ot ofe e s e ok sk e e e ok
% CA.INP input option file e
e o0 0 0 40 0o o ook sk 4ok ol o e s o ke o e e s e sl sk o sk o s s o o e e ok o el e o ok s e e e e o R
ste e s afe o e e o e e toole 30 e 9ot stz ¥ ajeale wieate e Xeofe Ko el e sieae e o ol de el e e o ek e o afe o ok o e o sk e e o it ek

Ca

SYbINITA (coDE[aB[4391],DaTA[A3(820]) ,M[2],2D[82])] ,MtP[ALL]],
SYSDEV,

ASMROUT,

GATEMOD

el e e e s ke ok o e el ook e Xe e e el ol e ool ek e e e e o ol e e sl abe e e s e s e ok e sfe e e sk e e e e e
e 3 e o g e e 50 3¢ st ok ate ok o ool e ek el 36 o A8 2 3 e e 3 e 3 34 fe e o i e e e e e S o e e e e X o e RN Bk
3 NUM12.INP input option file W
oo 3k 512 s ste i ekt 3 el sk o s s e s e e st e sle il 20l ol it ke sle e ol sl el e ek el ool e e e s sie e sle e sl e e sfesie
Reoje st 3 e Ye ke 0l e e e 3 ook st e e le e o e oK ke o ook o e e S o i S o e efe o e ok K¢ e S oK e e o e e 4t

NUM12=

SRC2INIT [crDE[A3[4353]),0aTA[AB[R¢0] ,M[0],AD[e2]] ,MaDP[ALL]],
Pa2,

GATIMCD

a3 e sk e Y e s sie e ol oie sieaye sl s ofe e ol i aje s e Sheole sfe ale sfe Be e siede e e e e sle e ek slede sle sje e e e sl sl s Ao e e e e
e 3e 3o A 3ie 30 o8 283k 3¢ ek 2asie ok sle e e Dedle 2ok e ole o VK A2 A SR e 3 A Y 2022 208 A 3 A HTAR ¢ NG NE 38 3 MK HEE T XX Ke e WX

¥k NUM13.INP input option file I
S ol s e n ot e e ste e sle e e sz e ol st oo ST e e siesie Ml e e e sl sie sk sl sl sade te i sie ol sl ol e sle e sl e st e eola g e sl s s sl sleag
*»t#é***” K 33 % %00 20 o 300 e e N ¥e e aie Sl e e X 7e Re e dlexe e e e o dfe e ¢ 3fe e dlpve Ao Xe Ae e e Ae Ao e N SR R X Ne R
;"\113_
SRCIINIT [core(Aa3[43e]],raTA(A3(822] ,M[e],AD([22]] ,MaP(ALL]],
?ra,
GATZMOD

34
e e el D o el .

-----
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e 20 3 20 20 e 2 3k 3k Ak 230 98 230 e e 3 e 48 e e 24e e e e e 3ge 2k e o ek vie e Ak ok e e e e e e ok o e a9k ke e ik e e e o6 3ie e ke e e Kk
***************************************#***#****************

¥ % CB.INP input option file A
etk e 302 4640 e e 40 e ok 33t i 3k 00 38 e e 0 e 4R e X0 4680 3 et 6 4 e R e 3t s e e o e e e 3t e 4 ke 3 e

e e e AeRe xe 3 Re ol e 2c ke Ae e Kooy A e e dleaie sieale 3 Ae e sk ek aie el e sl 3kl o A4 vie e sie e e ale e de Aok e Bk e Aok g I R

CR =

SYSINITB [cODZ[AB[439]],DATA[AR{8¢@2],M[e],AD[82)].,MAP[ALL]],
SYSDEV,

ASMROUT,

GATEMOD

e el e e e e 5 e e A e e 5 563 26 e 4 e e s e s de e i e S e e e oofe e sk el e e e e g s ok e e e s ke ek
e e e ade e ot B ge e Rk Koo ook e e A ek 3 e ke e et oo Xeoke ook b e 8 e s o e e e ke e e ek el e s e ek
x NOM22.INP input option file X%
el 3 et e KoK **x***4***~**¢***************w*******«**w*****w**
sl ook R SRt ol s sk SR ek KoK e otk e ok e Rl ok e s s s st o e s aeale s e ol ae e el e e ettt e tesls

NOMZ2Z=

SZC2INIT [cODE[AR[433]1,DATA(aR[&R3]),~[2],AD(82])] ,MaP[ALL])],
PR2,

GLTEMOD

xg 7 e 22 Feae a3k % e iee vk Xe sie e e ot e e 2 %e At e e 3 X 3je 32 et B e 3 A8 He Kool X AR e R e e e e R AW NN AR N R
e s e e sl siz e slesie A~ sle o sfe sk o e 1 e s ok ok R sty e e sfe oz ol a0 ol Sl de g Kool e s e st s sl sl SR e sl s e e sk e ek
i NUM23.INP input option fils X
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APPENDIX C

Device Driver and Packet Processor

Source Code

This code consists of PL/I-86 and 8086 assembly language modules. When
linked as described in Appendix A and loaded in local memory of SBC #1 of each
cluster, the driver handles the systemwide distribution of user data and
eventcounts via the local area network.

Initialization modules (SYSINITA & SYSINITB), each for their own cluster,
define cluster addresses, create user eventcounts, establish eventcount
distribution, and create the proéedure space, under operating system control, for
the driver. SYSDEV. The system definitions file, SYSDEF and the file
NI3010.DCL are required when compiling SYSDEV. Any user eventcounts.
sequencers, or shared variable pointers which are defined in SYSDEF must be
updated when these items change with new synchronization and control schemes.

SYSINITA and SYSINITB must also be updated whenever changes are made

to user eventcounts or their distribution. Recompilation and relinking are also

necessary to produce the updated command files CA.CMD and CB.CMD.
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: ok o
l w CLUSTER A INITIALIZATION MODULE SYSINITA.2?LI ke
- % %%
: este i s ol oot de ke e ekl et ol st feoteste ettt Sk sk st el el et st st Sofete el el e ke
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' SYSINITA: proc options {(main);
i %include “sysdef.pli”’s
%replace
: EVC_TYPE ty ‘€2°b4;

/% main */

he called
orior to crestine

eve’s

3t
3
(94
wn
ct

call define_cluster {73921 °b4): /

X JREEE USER R¥xdk/
CALL CRTATE_EVC (ALlEVC):S
CALL CFESTE_TVC {(A2EVC);
CALL CRTATE_FVC (BL1EVC):
/5% SYSTEM %o/
] call create_eve /TR FEAD);
' call create_eve (ERR_WRITF);
call create_segq (RRB_WRITE_REQURST);

/* distrih. map called after eventconnts aave
teen createj ¥/

/% local ard remote ccpy of A1TVC n=ededi */

rey

call 4istribution_matv (TVC_TYPT, :1FVC, ‘3223 °P4i);

: call create _proc ( "fc’t4, °3¢ b4,

, ‘2941°b4, ‘7220°d4, ‘3253 b4,

' ‘3439 b4, ‘2804 °tq, “PARYIbi):
call awalt {“fe’be, “C17b4):

END SYSINITAS
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%% %
Fox CLUSTER B INITIALIZATION MODULE SYSINITER.PLI w3
T st

et e e ot e e o e sk i e o e o ik e oot o oot oo ok e o e B3 3 40 40 0o e g AR S e 2 ok 4 e e e e K62 B KTk
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SYSINITB: proc options (main);
%include “sysdef.pli”;
%replace

EVC_TYPZ by ‘207 b4;

/* main */

call define_cluster {“2¢@2°54): /* mast b2 called
prior to creatinz
evec’s *®/

JRERR JSE R kexNk /

CALL CREZATF_EVC (A1FVC):

CALL CREATE_SVC (B1lEVC)S

CALL CREAT¥_EVC (B2FVC);

/¥%% SYSTEM #%%/
call create_eve .7{3_RFTAD);
call create _eve (EB22_WEITE)S
call create_seq (TR _WRITF_REQUEST);
/% 4istrib. map called after 2vertcocunts nave
been created */

/* local and remote covy of BlEVC needed */

call distribution map (FVC_TYPF, BITVC, “20777R4);

call create_proc { ‘fc’o4t, “272 b4,

‘"941° b4, “VRZC7b4e, C25371b4,
‘7439°b4, ‘ALY bvs, TARRZHi)
call await :“fe’b4, “0217b4):
END SYSINITB;
3&

.

A-. 2 A" .‘L ,-_..

N

R R




r?’?‘ T T T T A R N e ST d AR DU i v R i N V) L S S AN ey oo STL Tl Sl o f‘i.“:"t'vv‘-u;

/%0 2 R e e e e o 26 o e e e e 3 e o ol el e e e oe e e e e e 0 2 e e et o e e e e e AR AR N A A AKX /
/% e e 32 3 30 o e o e e e e ok o e Xeoje o s o o e Aol e e e e s e e d e e e o o ok e e Mok ks ok /

/E* PILE SYSDEF.PLI MARK A. SCHCN 24 JUL 85 ek f
/%% This section of code is ziven as a PLI file to de wx/
/*% LINCLUDE’d with SYSDEV.PLI. ENTRY declarations are i /
/¥% made for all availabdle MCORTEX functions. e/
/****************t***mww*******#******¢******¢****» ******/
/ Hede festeste el e e ol et et ke e Xes sttt e el stole e e e e ool o e et e el e e e e sl e /
DECLAERE
advance “NTRY (RIT (8)),
/* advance (event_count_id) */
await ENT2Y (3IT (8), RBIT (18)),
/* await ‘eveat_count_id, awaited_value) ¥/ - .
create_evc INTRY {3IT (8)), S
/¥ create_evc (event_count_id) %/ RN
create_proc FNTRY (BIT (%), FIT (&), AR
RIT (16), 3IT (16), 3IT (1€), RSN
BIT (16}, BIT (1€), BIT (18)) .
/* create_proc {(processor_id, oroncessnr_priority, =/ _f:f
/% stark pointer_hnighest, stack_see, iy */ Sl
/* code_seg, 1ata_sesz, extra_seg) *®/ B
cr2ate _sea EINTRY (RIT (8)) QEARY
/* create_seo \<eau=nre_id) *®/

preempt FUTSY (RIT (R)),
/* preempt {(processor_{id) */

read FNTRY (BIT (&)) RETUANS (RIT '1€)), o
/% read (svent_count_id) */
/% EETURNS currert_event _count */

ticket ENTRY ‘BIT (R)) RFTURNS 'RIT (16)}, T
L; /* ticket (sequence_ia) */ Sel
.- /% AETUANS urioue _ticket _value */ A
?F define_cluster INTSY (bit '1€)), Bt
b .
- /¥ 4efine_clvster (local_cluster_adiress; */ :
" distridbution_mavo ¥NTRY ‘nit ‘2), b1t (&), tis '1€'), -
je
=2 /% distridution_map (distribution_type, id, cluster_addr) #/ SN
. ) , , S
. add2bit1€ FNTRY (FIT{16), FIT{16)) RITURNS (ITT [18)); 2l
- /% add2bit16 ( a_1€vit #, arother 16hit #) */ o~
- /¥ RTTURNS a_16bit_# ~ anothe-_1&hit # ®/ S

39

DN AOMREEEE C YT

R L N . .. At et e T N . -
LI P . o e e, . P e T e . -t . P N T R P T T LR T N T

e e e T T T T e U e e e LT T e T T T T T T T T T T e )

L- ™ % SN S PPN L . > s > IR SR NP AT SR AT SAPIL AT W AP S WL K. U WO, V0. PN . g Sadadad o o PN R P PR R Pl S Y P PR S N




...........

ML I e s~ M I v aAl MR I e S s i g e g v ute re e ace orp 0 e B it e BRSPSl L oot e e e
5

¥replace

2 Je—— - -—

%%k  EYCSID s ¥k

(1) USER */
A1EVC BY ‘21734,
A2EVC BY ‘02'R4,
B1EVC BY ‘03°Ra,
B2EVC BY ‘74°B4,
/% (2) SYSTEM */
ERB_ITAD by ‘fc’ba,
ERB_WRITE by “fd b4,

e e e e —— e
R SEQUENCER N2&MES A
(1) USER
USER PROCESSES USE FRB_WRITE_RZQUEST ONLTY.
(2) SYSTEM */
ERZ_WRITE_REQUFST by ‘ff’te,

2 TS e

%% SHAR®D VARIABLR PCINTERS %%

(1) USER */

P3 By ‘2000 B4, e

PC 2Y ‘eDD2 34, RS

o

/* {2) SYSTEM */ Y

block_ptr_value by ‘84¢2 b4, SN

xnit_ptr_value by ‘8@CR"t4, ACREN
rcv_ptr_valie by ‘266674,
END_RTSERVE ty ‘FYFT b4
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** 33
ok NI3@1@.DCL FILE s
o £33

36 i 3 e 2 e e 2 sie e e e e e de 3 sfe e R e e e 3ie 2 e e e e eale 38 3 38 e X e e 3o e Ao e Ko 36 xe e e KXo e Xe Ne e Fe e e < ek
e v 332 o e e e fe e ale e sieae sie e ok e afe el sdesie ole ofe sfeole e ale ol aesle ok e ool Feofe sk e ok o Heaje ok ke s ik e el sle e sle e dle sl e

%replace
/* 1/0 port addresses

These values are specific to the wuse ¢f the INTZRLAN
NI3212 MULTIBUS to ETEEENET interface board. Any change
to the I/0 port address of “20b2° hex (done so witha a DIP

switch) will require a change to these addresses to reflect

that chanee. */
command_register oy b2 b4,
command_status_register by tl t4,
transmit_data_rezister by “b2°v4,
interrupt_status_reg by ‘v8°%4,
interrupt_enable_register by ‘b3 b4,
high_byte _count_reg by “t~’b4,
low_byte_count_reg ty “bd b4,

/¥ end of 1/0 port addresses */

/* 1Interrupt enacle status register values */
disable_ni3212_irterrupts bty 73 °b4,
ni3?12 _intrpts_disabled by ‘70 b4,
receive_blnck_available by ‘34°%4,
transmit_dma_done by ‘P€°bva,
rereive dma_3ore by 277 va,

/% end register values */

/* Command Functiorn Codes */

module interface_looptack ty ‘317t4,

internal_loopback by ‘7z b4,

rlear_loovpback by ‘03°bv4,
go_offline by ‘28°t4,
2o_online by “TS7bv4,

ontoard_diaznostir hy “?a’di,
clr_iasert_source by ‘7e’b4,
load_transmit_data by ‘22 °t4,
load_and_send by “237n4,
load_eroup_addresses bty “2a ‘b4,
reset by “3f b4
/* end Commari Tunction Codes *

&1
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35 30 2 20 2 3 3 e 3 2 X 3k xk e 2§z 23 3¢ 3% 2 3¢ 3 22 e e e e e e e ek e 3 356 356 3 e e A sie 2k e e e 3¢ e 30 3w K% 3¢ e o o3k oA e ke
e e o 34 o aje 2 o e Ae 4 e dfe e sie e dle e e e e dleale de e ole s e el el sfe de el e sje e e e ofe sieal sde e e sie e e slelenlesiesk sle el ek

Aok sk
b CLUSTER A -~ ADDRESS.DAT FILE - USED BY SYSDEV.PLI ¥
ek - 1ST THREE VALUES USED IN SUBROUTINE b
%% program_group_addresses %
s — LAST TWO USED IN MAIN PROGRAM SYSDEY i
¥ % TO IDENTIFY THE LOCAL CLUSTER ADDRZSS, **
Aok %k

e 3% 3k % e e %246 3 e e 34 358 3024 R Re e e e 3jee 306 e el e e 3 Realk o e e e ok ek o Sk e Meale e ok e o R % sfeoje ke 3t el ek
e ofe eaje Rz e Ao Re e e e e 3 sl ofe dje sle e ool iz Fe ol desjesig e sle 3k sjesie sleole sje e e vl o o sie e vl sje sie she vje sje sie st sl vje sle sleslole e ek

1,
‘222032374, 33290021 Y,
‘0022220 ‘b, ‘22272001 b

e 30 de 3 3% 3e e 2l e Be A2 e Ke %o oie e e Ke afe e 3k Re e e e e e Ko He Ae Aok e 34 34 37 4 202 e 5 KA 342 fe A A e SRR 98 e e Ae e g e sk
#0303 $p e o e e e dle ofs B e e dfe A2 Re e e 24 Aol Ve e %e e 3¢ Nede e e siedfe e sieste e Ko fs Ko e e dle e sie sie deaye s sl e s e Ak qOE

%3k e
#%  CLUSTEE B - ADDRESS.DAT FILF - USTD 3Y SYSDEV.PLI  **
e - 1ST TFREE VALUYS USED IN SUSROUTINE s
o program_grcup_addresses ez
o - LAST TWO USED IN MAIN PRC3IRAM SYSLIV =
s TO IDENTIFY THE LOCAL CLUSTER ADDRTSS. =

%% x®
A0 AR Ko 2 e R e e ok ARk g 3348 e e He A e 3K A0 e He SRSl AR Ko e 4 Aok 2N e e X e e e e e R Sl o oA M B Rk e e sk e ek e
300 32 e % 23 32 30 X0 e Hee iz A2 %0 Ko sk e el 3¢ e e el ke ook xe Resfe e e sfeafe Fe ke sie ofe e ae Aede e e e Ae Ko e AT e oA N N RO KA

1,
‘gereeee? v, “eTeCecio ‘v,
‘220222023 b, ‘23322013 v

SYSDEV: PRCCETU3ES
/% Date: 24 JULY 1985

Programmer: MARK &, SCUON {MOTDIFIED COTE FROM
PRETVIOUS TEESIS(Z])

Module Tunction: To serve as the Ithernet Communication
Tontroller Roard, ECCF . NI3212) device
handler. This process s scheduled
under MCO=TEX and consumes ZEtharne!
Requests Packets (FRP) eeneratai ty
the SYSTEMSIC located in LEIVELZ.S-C S

by USEP PEOGZAMS.

It also processes any inbouand
packets by aralyzirne th= panxet
contents ard makine the aporopdriate
MCORTTX calls. */

42

o
o

r’ 'II’
Xl

SRR
:,v"\:"’u' LAY
‘r':l oyt

1 LY.

r
!
1

e T e T e T e Ta e e s e et e R S e S S ST SRS S G S e e
e e e T e T Tl . L e e e e e T e R P SR et .t O S A Ve T S
L T T R P A R A A I S A T P e O R A S I IR S B P IR RN BV NI TR NP NS



¥replace

eyvc_type by ‘33 b4,
erb_block_len by 22,
erd block len _mi by 19,
infinity by 327€7;

Zinclude ‘sysdef.pli’?
DECLAZE

1 erb(0:erb_block_len_ml) based {btlocx_ptr),
command pit (g8),
type_name  bit (&),
name_value bit (16),
remote_addr bit (16),

[AVIRAVIE VR 3V}

1 traasmit_data_bvlock based (xmit_ptr),

N

destination_address_a
pit (8) ,
destination_address_b
bit (8),
destiration_address_c
bit (8),
2 destination_addiress_d
pit (8),
destination_aldress_e
pit (B) ,
2 destinatior_address_f
pit (&) ,
2 source_addiress_a
it (8) ,
2 soiarce_adiress_t
bit ™ (8), e
2 source_adiress_-c L
bit (R),
2 source_address_qd
bit (&),
2 source_address_e AN
bit (2a) , AR
2 source_address_f AN
oit (8) ,
2 type_field_a
bit (8) ,
2 type_field t
2 data {(4) v»iz .8), S

[AV IR AV ]

n

S JacOnois( )20
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s
2 USER_DATA (12) FLOAT, o
(TX_DATA_PTR,XMIT_PTR) PCINTER, b
/* HIGH MEMORY ADDRESS¥S OF TX_DATA_PTE AND XMIT_PTF *®/ : F:q:
/* ASSIGNEL IN SYSDEV %/ A
=
DATA_TO_SEND FLOAT BASED(TX_DAT* PT:), ol
NG
1 receive_data_blocx basei ‘recv_ptr), .
2 frame_status vit (37, .
2 null _byte bit (€ -
2 frame_length_1sb it &) , .
2 frame_length_msd bit (8 , e
2 destination_addrsss_a bit 18) , -
2 destination_address_b bit ‘3) , R
2 destination_address_c¢ tit (2) , o
2 destination_adiress 34 bit ‘8) , o
2 destination_address e bit '3) , e
2 destination_address_f tit (&) , S
2 source_aldress_a vit ‘€) o
2 source_address_b bit [F) AN
2 source_adiress_r it (3) , A
2 source_adiress_4d pit (=), Y
2 source_address_e vit ‘2) A
2 source_address_f niv (8) , e
2 type_field_a eit 18) ,
2 type field b it .3) , T
2 datal4) rit (=) , -
2 USTR_DaTh '12) FTLOAT, -
2 cre_mst b1t (2) , e
2 crc_upper_middle_byte bit (=) , -
2 crc_lower_middle_dyte his (%), '
2 crc_lst Bit (2) e
(FX_DATA_PT=®,2CV_PTF,3L0CK_PT=) POINTF™, S
/% TIG% MFMCRY ADDRESSES OF RX _DATA PTR,RCV _PTR,X w/ ;:
/* BLOCKX_PTR 2FF ASSIGNED IN FILT SYSTIWF %/ )
DATA_ARRIVTD FLCAT BASTT(RX _D#T4 PTR), o
index fixed tir (15), -
(addr_e, addr_f) vit (&}, )
address file,
copy_ie_rezister bit (=), NDE
‘cluster_addr,erb_write_value,i) dit /1€, W
Ci,x) fixed bin {13), A
reg_value bit (R) , SRS
write_io_port entry (bit (R}, bi: (2%, PO
14 S
5
e L L e e
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read_io_port entry (bit (8), vit (€)),

initialize_cpu_interrupts entry, .
enatle_cpu_interrupts entry,
disable_cpu_interrupts entry,

write_bdar entry (bvit(16));

/* end module listing */

%¥replace
/* codes specific to the Intel 8259a Prozrammable
Interrupt Controller {PIC) %/
icwl_port_address by ‘c? t4,
icw2_port_address by ‘c2°b4,
icw4_port_address by ‘c2v4,
ocw_port_address by ‘c2Mh4,

/* note: icw ==> initislization control word
ccw == operational commard wori *
icwl by “137ta,

/* sinzle PIC confisuration, edze trigeered irput */

icw2 by ‘42°v4,
/¥ most significant bits of vectcerine bytes; for an
interrupt 2,the effective address will te
(icw2 + interrupt #) * 4 which will be
(40 hex + %) * 4 =114 hex %/
icw4 by “€f'v4,

ocwl by “2¢ 743

3

/% urmask interrupt 4 (btit 4),
/% interrupt ° ‘it &), and

%/
/* interruot € (bit &), mask all cthers */
/* end ©2853a cndes */
/¥ include corstarts specific to the NI321C board %/

zinclude “ni37219.3cl”:
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/3% e 3 e ez e e de e e e e e e e el S ale e she sk feofe o ok peale s o o s 32 ke o e e e e el X AR AR O e e AR A e/

/¥ Main Body ¥/

call write_io_port{interrupt_enable_register, R

“disable_ni3ei¢ _interrupts):
call initialize_pic; ) X
call initialize cpu_interrupts; oy
call read_io_vport (~ommand status_register,reg_value):
call perform_commani (reset):

call program_group_addresses;
/* assiznments to the source and destiration address
fields that will not change */

call perform_command (clr_irsert_source);

/* NI13012 performance is ernkanced in tris mode */
/e st e et i e 3 e e e e e st sie e e sl ol st e ot o s e oo s sk e e sk e SR ks St
/* ASSIGN POINTE: VALUFS, PRFVICUSLY DEFIN®D ~-FILE S SDEF =/
/% TX_DATA_PTR <~- PP = 8CC2 A FTLCAT EFLOCK OF 4-PYT3I5 */
/% RX_DATA_PTR <-- PC = 2TLD® A FLCAT =LOCK OF 4- BVTES s/
N /® %/
ﬁt /* BLOCK_PTR <-- PLCCK_PTR_VALUEF = £@¢? THE ECPE 12¢-3YT7S =/
» /* RCV_PTR {-- RCV_PTR_VALUE = BB6EF THE RI3 6BE-3YT<S */
/% YMIT_PTR <=-- XMIT_PTF VALUE = 82C2 THE TD3 74-BYTES */
/e e e e Bt e o e e et o e ook e Re s e e Aot Fe ke SR R R 3 R e R e R S 2/

-
1

UNSPEC(TX_DATA_PTR) = PBj B
UNSPEC(TX_DAT® _PTE) = PCi RO
unspec(block_ptr) = block_ptr_value; AT
unspec{rcv_ptr) = rev_ptr_value; NN
T dtan

unspec{xmit_otr) = xmit ptr_value:

(4
¥’

0
l.! *

v'.I
2
O

/* make cne time assignments tn transmit data tlocx */

e
.' ‘
e
"

v

P
s
]
b

~ transmit_data_block.destination_address a = “¢37b4:
transmit iaua bloc< destination addr°ss b = ‘22 b4
trarsmit_iata block.destiration_address ¢ = “¢2°b4s
transmit_data_block.destination_addrass 4 = “0C b4s
transmis 4ata “block.sourze eiirﬂss _a = 33 r4:
transmit da'a block .source addrpss o = ‘22 bas
transmit_data_bvlock.source_address_c = 227543
transmit_data_block.source_adiress_d = 32 7b4:

/* get the local cluster address - file was

ovened ir oroc proaram_zroup_addrasses ®/

zet file faddress) list faddr_e, addr_£)3
transmit_data_bdlock.sourre_address_e = addr_e;
transmit_3ata_block.sourne_adliress f addr_£3
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cluster_addr = addr_e || addr_f3

put skip (2) edit (7#%* CLUSTER ‘,cluster_adir,
“ Initialization Complete ¥¥*°)
(col(15),a,b4(4),a)s

1 = ‘0001 v4;

call perform_command (go_online);

/* at this point copy_ie_reg = RBA , but
ie_reg on NI3212 is actually disabled */
call disable_cpu_interruptss:

o0 k =1 to infinity;
/* note: interrupt not allowed durine a
call to MCCRTEX primitive */

erb_write_value = read (EFR_WFITE):
/* In the MXT3ACE version of the RTOS
all primitive calls clear and
set interrupts (diaznostic message
routines), so the NI3210 interrupts
must be d1isabled on entry to MITRACE */
10 while ‘erd_write_value < i);
/* busy waiting */
erb_write_value = read{FRB_WRITE);
coby_ie_register=rereive_block_availatle;
call write_io_port(interrupt_enable_register,
receive_blork_available):
call enable_cou_intarrupts;
/% 1f a packet has been received,thls
is when an interrupt may occcur ~ car
see that outbcund packets are always
favored. #/
do } =1 to 129%;
/* interruot window for packets received */
end; /% do0 j */
call iisadle_cpu_interrupts:
if {(copy_ie_register = receive_dma_done) thea
dos
/® receive DMA nperaticn started, so lot
finish., */
call erable _cpu_interrupts;
do while (copy_ie_register = receive_.ma_done);
end;
call disatrle_cpu_irterruptss
end; /* ift */
copy_lile_register = Aisable_ni3@1¢_1nterruntss
rall write_ic_port{inrterrupt_rrable_register,
disahle ni3C13 _interrupis):

end; /* busy */
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/* ERB has an ERP in it, so grocess it */ Do

/¥ no exterral interrupts (RBA) until e

the FRP is consumed and the packet “}3;:
gets sent */

index = mod((fixed(i) - 1), erbd_dlock_len): B TR

/* 32k limit on parameter to fixed fcn. */ e

RO

transmit_data_block.data(1) = erd{index).command;i A

transmit_data_block.data(2) = erdlindex).type_name; s

transmit_data_block.data{3) = voe.s

substr(erb(index).name_value,9.5):

transmit_data_block.lata(4) =
substr(erb(index).name_value,1,5)}

IF (ERB(INDYX).COMMAND = 1) THEN DO; "o
TRANSMIT_DATA BLOCK.USER_DATA/1) = TATA_TO_SEND: '
END;

transmit_data_btlock.destination_address_e=
substr(erd(index).remote_addr, 1.,8);

transmit_3Jata_block.destination_address_¢£=
substr(erv{index).remote_addir, 3,3);

call advance (FRB_FFTAD); /* caution here !
an ADVANCE will result in a
call to VP4SCHEDULER, which
will set CPU interr-upts on exit.
It’s the reason NI321@ interrupts
are disabled first in the . '
Do While loop above. */ e

/* packet ready to go, so send it */

call transmit_packet’
/* copy_ie_register = IBA , but not actual rezister */
call disadle _cpu interruvts;

/* settinzg up for next TRP consumption */ &“;3

n

i add2viti6(l, “20¢1°h4); ]
end: /% do forever */ :

/* end main body */
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/*********#*****#*****#*********************#**************/

initialize_pic:
DECLARE

vrite_io_port entry (bit (8) , vit(8));

call
call
call
call

vrite_lo_port
write_io_port
write_io_port
write_io_port

end initialize_pics

/%% 3 e e e e e e e e de e o afe o e e e o o o e afe e (e ke e oeale e o e e e o e R e ORI A KR XA A AR XK/

perform_command:

DECLAJE

commani bit (8)
reg_value bit
(8)
write_io_port entry (bdit (
read_io_port it ¢

srf bit

srf = ‘2°b4;
call write io port

end;

procedure;

(icwl_port_address,icwl);
{(icw2_port_address,icw2);
(icwa_port_address,icw4);
(ocw_port_address,ocwl);

procedure (commani);

’
g),

N
oo
P e
¢t ct
—~—
———
et “par®
-e e

*» e

&
entry (b 8

/* end declarations */

(command register.command):

d0 while (Tsrf & “21°b4) = “¢2°b4):
call read_io_port (interrupt_status_rez,srf);
/¥ do while */

call read_io_port
(command_status_register,rez_value);

if (reg_value >
dos
/* not

put skip edit ( “*¥%* ETHERNET

‘21°b%4) then
(SUCCESS or SUCCESS with Fetries) */

(col(20),a):

/* when this occurs,

routine T3218/Cx, where x is the
current cluster number */

stop;

end} /* 1td */

X end perform_commard;

............................................
................................
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transmit_packet: procedure external;

DECLARE
srf bit (R) ,
reg_value bit (8) ,
write_io_port entry (bit (8) ,bit (8) },
read_io_port eatry (bit (8) ,bit (&) ),

enable_cpu_interrupts entry,
disable_cpu_interrupts entry,
write_bar entry (bit(16))}

/* begin */

srf = “3°b4;

call write_bar {xmit_ptr_value);
call write_io port(hfgh byte _count _reg, ‘2¢°v4);
call write io _port{low_dyte_ connt _regz, 3cb4);
copy_ie_rﬂglster = traasmit dma done,
call write io_port(irterrupt_ enabdle ragistnr.
transmit_ima_done!;

call enable_cpu_interrupts;
do while (copy_ie_register = transmit_dma_done);
end; /% loop until the interrupt haniler

takes care of the TDD interrupt -

it sets copy ie_register = rSA */
call perform_command (Ioad_and_send)

end transmit_packets

/R AR H kR ke 7 23 3 X ol e e e e ol sl vesfe e slesfe e sl ek e aje R R e el Weofe e s e e e ok e e e e e o e e ezt ok

Jeg e RO AEIRN N [

HL_interrupt_handler: procedure external’

/¥ This routine is called from tn= low level
S5¢S6 assemtbly languagze interrupt routine */

DECLARE

write_io_port entry (bit '8) ,bit 8) ),
read 1o_port entry (bit ) L.bit (8Y ),
enatIe_cpu_interrupts entry,
disatle _cpu_interrupts entry,
write_bdar e2atry (bit{16));
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/* Ydegin */

call write_io_port{interrupt_enable_register
disable_nI3¢1@_interrupts);

i? (copy_ie_reesister = receive_block_availabdble)
then doi

call write_bdar {(rcv_ptr_valne); i
call write_io_port{hizh_tyte_count_reg, "@57b4);
call write_io_port(low_byte_couat_reg, 'f2°b4);

/¥ initiate receive DMA ¥/

copy_le_register = receive_dma_dones
call write_io_port(interrupt_enable_rezgister,

A

receive_3ima_1ocail:

end} /¥ do */
else
if (copy_ie_resister = receive_ima_done) then
dos
call process _racket;
copy_ile_register = receive _tlock_available;
call write_io_port{interrupt_enatle_register,
receive_Ytlock_available);
end; /* if then do0 */
else
if (covy_ie_register = transmit_dma_done)
then do03
copy_lie_register = receive_block_availatle:
/* NI321% irterrupts disabled on entry */
end; /¥ 1f then do */

end HL irterrupt_handler:

/%630 3 e e vl 3 Re s et o eole e 3k este e sie wesk e e s sie sy e ol alee s o ae e e e e e sl ok ale e e ek e e e B/

process_pacx=2t: orncedure)

D

tay

CLATE

(<l

DATA_ARRIVID FLOAT BASED(RX_DAT# PTR),
°X_DATA_PT2 PCINTEY,
local_evc_valwe bit (16},

iata_ptr pointer,
remote_evc_valuz bit 716) taseil 'data_ptr);

21




éf (receive_data_block.iata(1l) = evc_type) then
03
data_ptr = addr(receive_data_bdlock.data(3));

/* remote _evc_value now has a value */

local_evc_value = read(receive_data_bdlocxk.data 2));
do while (local _evc_value < remote_evc_value);

call advance (receive data block.dlata{2));

local_evc_value = add2bit1€(lo~al_eve _value,
‘e221°0v4):

erd;
call disable_cpu_interrupts;
/¥ this must be done due to setting of
cpu irterrupts by calls to MCORTEX’s
TPSSCEFDULER via ADVANCE */

IF DsTA IS IN TEIS DB THFN TRANSFE? IT T0 JST: EIGE %/
MIMORT %/

UNSPEC(RX_DaTs _PT=) = PC
D

V
DATA ARRIVED = Dt‘C"“I\/"_ 8TA_FLOCK.USER_DATA(1;;

ENTS

end process_packet;

i oot e e e el s e s e e olese oot s ool e el i sk eSS SR ek RO K3 SR AR B

progran_grcoup_addresses: procedures

DECLARY

1 aroup_addri40) tased ‘group_ptr),

2 mc_zroup_fleld _a
it 83,

2 me_zroun_field_b
bit (2),

2 mc_erouvp_fieli_c¢
it 2),

2 mc_sroup_fileli_4d
bit 3),

W T, T L T
L IESC R W IR JORN N
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o

o

2 me grou% _field e s

bit (8) oY 2

2 mc_zrou% field f e

pit (8) .

DECLARE S

1-"-h..:l

(zroup_ptr,p) poirter, e
(field_e, fleli_f) vit (&),

ST
Y

bit_8_groups bit (8) tased (p),
(1,num_groups,groups_times_6) fixed bin (7)3

unspec{(group_ptr) = rymit_ptr_value; e
open file (address) stream input; FoR
get file (address) list (num_eroups): .
ds 1 =1 to num_groups; '

group_addri{i).mc_group_field_a = "3 b4
group_addr/i).mc_egroup_field b = “232°b4;: e
group_addr{i).mc_zroup_field c = ‘22 b4; D
group_ Taddrii). mc_group_field 4 = “20°b4; .
zet file (address) list {(field e,field_f); oty
group_addr’i).mc_aroup_field_e = field_e; S
group_addr/i).mc_group_field £ = field f3 L
e1d; /¥ do 1 */ T
call disabtle_cpu_interruptss AR
call write_bar (xmit_ptr_value); N
call write_in_port{hizh_byte count_reg, “30 b4): A
groups_times_€ = € * rum_groupss e
p = addr ‘vroups tlmes _8)3 e

call write io portilow_ _byte_ccunt_reg, tit_E&_z2roups} —
copy_ie_reegister = transmit_dma_done; A
call write 1o port(interrupt_enable_register s
transmit_dma_done); RN
call erable_cpu_interrupts; S
do while (ropy_ie_rezister = transmit_dma_done); R
end; /% 1loop until the interrunt handler
takes care of the TIT irterrupt -
it sets COPY_IF_EEG = FRA %/

call perform_command:{load eroup_addrasses);

end program_group_adiresses:

[/ e et e e e o e e K R 0 40 e AR A R RO R R R S
end /% system device handler and packat zrocesscr */ }R'
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02 34 402 30 3 33 3t AR 2 80 o 5638 3¢ e 3 3 abe g e o a4 e o a0 adeale a6 o oo o ik ofe 4 s e ikl i ot ik o o e o e o e e e e e

ok ASMROUT.A86 FILE s
ke eafe ke e et i e Sk e e e e e o e 33 e e a3 e e e e e el e Xeake e o ok e e e s e Re K {e e AR 3 A XK
ok o e e ke %o el e Xe e e e e e e ke S e e e e e e Aeode e e A Xe i e ofe e oele e Xe e e Xe Ao ek R oK AR 3w

<Y

! extrn hl_interrupt_handler : far
public write_io_port
public read_1o0_vort
- public write_bdar
[ public initialize_ercpu_interrupts
M public enable_cpu_intérrupts
F' public disable cpu interrupts

§ et et e e ofe s e e 3 e e e e Xele A oK e Ao e e A A 40 AR e A X e 3 A R e e A AH
write_io_port:

Parameter Passing Specification:

H eatry axit

g parameter 1 {port address> {uncrhanzed>
% parameter 2 {valus to be outputted> <unchanzed:>
;

dseg
port_address rb 1

cseg

push bx! push si! push 4Ax! push ax
mov si, [bxl
mov al, [si)
mov port_address, al
mov si, 2[bx]
mov al, [si]
mov 41, port_address
mov dh, 22r
out €&x, al
20p ax! pop i1x! pop si! pap tx
ret

41

a0y

2»”

H i ¢ sie sle Die e sle oz ole 2ol X st sle vl e e Peole sy afe ole ste ok Nz e ot st sieale e s Mo sl sk o e iidle et sl se e s e g etz e e e sleaie Y ek
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read_io_port:

Parameter Passing Specification

entry exit
parameter 1 {port address> {unchanged>
parameter 2 {meaningless> {register value>

cseg

push bx! push si! push dx! push ax
mov si, be]
mov al, si
mov vport _address, al

mov si, 2[bx]

mov 41, port_address
mov d4h, 20h
in al, dx
mov [si}, al

pop ax! pop dx! poo si! pop bx!
ret

¢ %630 %23 34 26 X030 30 30 4 e A 342 e e 4% A RT e Ao AT RO A A Aeoe 3k e e e ek A s e e e sk e KA R e RN a KK

write bdar:

-e we we

Parameter Passirz Specification

parameter 1 ‘ani only): the address nf the data tlock
tc be trarsmitted or received.

dsez

e_bar_pecrt equ 2bSh

h_tar_port fequ “7hah

1_bar_port eqn @bbh

temp_e_hyte rd 1
temp_es rw 1

cseg

This module computes a 24 bit address frcm a 32 bit
address - actually a8 combination of the E3 register
and the IP passed via a parameter list.

push bx! push ax! push cx! push es! rush dv! si1sh si

movy dx, JR2%h y shared memory seament

35
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- Sl
- mov es, dx AN
- mov temp_es., es el
- mov dx, es e
- mov si, [bx]
x mov ax, [si]
- mov cl, 12
o shr dx, ¢l
. mov temp_e_byte, 11
'’ mov d4x, temp_es

mov cl, 4
o shl dx, cl
- add ax, dx
- jrne no_add

aid _1: inc temp_e _byte
no_add: out 1_bar_vort, al
mov al, ah -
- out h_dar_port, al L
& mov al, temp_e_byte e
out e_bar_port, al e

f; pop si! pop dx! pop es! pop cx! pop ax! 20D bX AR
‘. ret ata
P ; _________________ :.. _____________________________ -——

- initialize_cpu_interrupts:

+ Module Interface Svecification:

: Caller: Tthertest(PL/I) Procedure .f,ﬁ
: Parameters: NONE R
iritmodule ~sseg commen o

orz 1l4n L

intE offset rw 1 e
irtS_segment rw 1 L

g cseg .
push bx

push ax

;o mov bhx, offset interrupt_handler

¢

- mov ax, 3
N push 1s
S mov ds, ax .

56
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S
> .: -.:_'.
2 Nitet
. d
. e

2 mov ds:int5_offset, bx
- mov bx, ¢Cs

mov ds:int5_segment, bdx
X pop ds

[y
LA

A':.

TXFEL
-
Lol

s
-
5

T pop ax N
Ny pop bx bt

s sti
. ret

forors
f.«‘ -’_;'
N4 Aot

e

erable_cpu_interrupts:

i Module Interface Specification:

; Caller: Ethertest(PL/I) Procedure o
W
A ; Parameters: NONE ::iﬁ

‘ sti
ret

¥

'

e
L)

T, Ity
ja ]

. .'
.
-e

Qv v, e
\'.".l'
>’ll"l

A
LR IR 2]

- disable_cpu_interrupts:

’
.
-

&

.
v
y
.
.
RS

i Module Interface Specification:

e
e e,
P ]
14

H Caller: Fthertest(?L/1) Procedure
; Parameters: none

cli

ret
. {—————— - e ———————— —————— _—————————— —
- e
interrupt_handler: T

o y 1P, CS, and flags are already on stack ‘fiﬁ
+ save all other reesisters

g push ax

. push btx
o push cx

- push 4x

EN P T T T T = A T e e At at e et T at T e s e e e e e
O T O S SRR U L LR SR S L RNy et SR A UL G U T SR SRy
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end

push
push
push
push
push

' re

pop
pop
poy
poD
pop
pop
pop
pop
pop

si

di

bp

ds

es

call hl_interrupt_handler

store registers

es
is
bp
it
si
dx
cXx
bx
ax
sti
iret

.
’
.
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APPENDIX D
Distributed Decision Algorithm
Source Code

PA2, PA3, PB2, and PB3, the distributed user processes which implement
the distributed decision algorithm déscribed in Chapter III, are documented
herein. Note that the systems file SYSDEF, described in Appendix B, must also
be available for compilation of each user process.

Processes PA2 and PA3 are linked as described in Appendix A. Their
associated command files NUM12.CMD and NUM13.CMD are loaded into local
memory of SBC #2 and SBC #3 respectively in cluster A at runtime. PB2 and
PB3 produce NUM22.CMD and NUM23.CMD which are loaded into the
memories of cluster B in the same way.

Processes are loaded when requested under MCORTEX control and
execution begins and continues until an await state is encountered. Once all
processes have been loaded, the various await states will be satisfied by advances
of eventcounts in other processes and operation will continue until all input data

vectors are pl‘OCQSSEd. .
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/ ek et e e o ek Aol e e et ke el e e kol e e e o e ol et et e ol e e e Aol st s el s
/¥ .
/* PA2 is resident in local memory of SBC 2, CLUSTER A. */

i /* A
T} /% This procedure performs the following operations: w®/
: /% */
/* 1. Loads quairatic eogvation parameters 4,3,C,D. #/
/* 2. Reads sensor A odbservation vectors from disx, %/
/% 3. Computes LLF ( LAMBDA_ A4 X ) for local use ®/
/¥ 4. Computes ( LAMEDA A _X + LAMRDA PP _Y ) the ¥/
/* sum of the local and remote sensor LLi’s. =/
/% 5. Compares the result to the decision threshold */
/% and disnlays the final result and decisinn. ¥
/* 6. Performs stzps 2-5 for each irnput vector.
/ e siste e fesiesoolese e e sesie s e sioqeole Pt sle sl oot ol st e o e e e e e e
/%R Melesie Re Fese Ak e Moo ol e A e e o ool (e i e e sk e e e A aleak sk see ot 2 el e seseote s
A P42: PROCTDURE;
) ZINCLUTE® “SYSDEF.PLI’S .
D YEEPLACE o
- BC EY “e7DC ‘R4, /* P3 IS SET TO THIS VALUT =/ ta
TRUW 3V 173, n
FOLST 3y  ‘n’m, o
ONT BY ‘2201 %4; ol
T¥CLARE
" /**“%s***********¢**‘*** %2 e 2 5 R A e Ne K2 T sk e ned Nz e nene A gk sle e e e g /
- /* DARFILT CONTAINS TH® FOLLOWING PAZAMFTE:=S (s
- :': b /
/"~ 1., MAT2IX/YECTCS® DIMENSICHY. w=/
i > 2. D DIAGONAL TLEMUNTS CF T MAT-TX-t, wy
.- /% 3. CCL 2Y COL ELEMENTS 2°LOW I'IAGCNAL C~ w/
- /% VATRIX=-3, oy
N /% 4., D WL¥YMENTS CF¥ VT(CTOER-X2. */
- /% 5. SCALAR-C. 2
* €. THFESBOLD. 0
o "/
/% TATFILE CONTAINS TEE FOLLOWING VALUES #/
% . %/
/* 1. D-FLEMENT ZX-VTCTORS. ”/
* /
/78 A BRI AR N RORT AL 2 RO REKe AL NNE R HS o3850 30 3830 K KRN AR N KO L eI rOONOR N3 /

2),TEA%¥S®,LAMTDA 4 X FLOZT,
"VA@“'BA)
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/% e e e el siolesieale et el otk el ol sl s e e e e et e el ek e e Aol sl e e el o ok /
/% A
;: P3 SET TO PC TO RE ADDED TO SEGMENT ADDF @R00@ *;

£

/3 e e eie desie e e e e e eaie Aeate e o sk e ofe siea e e e ale e e oie o 8 3ge D e Ak A Re 3k e e e e e e ey /

P3 POINTER,

/****#** sieale Beale dlese e i sie sl sfeofefe siaale ok Hese sfe sl e desie sk *********#*******/
/* Y
/* BASE LAMBDA BP_ Y AT P3 = PC {OFFSET ADD TO DAT: =/
/* SEGMENT = ¢g820 ) =/
/* */
/******* ******************#*******a‘-*****##****az********/

LAMBDA_RP_Y FLOAT BASEL(P3);
/% SET POINTEFS TQ VALUFS INDICATED IN REPLELCE £BQVE */
UNSPEC(P3) = PC3

/ 33k Ao el ek e e X6 o o o o e e e e e o e He sk Ak A A AR R Ko A N A AR KA ROM A RCMAA IR A e Y

/* */

/* INPUT PARAMETERS FRCM DISK FILE w/
/% =/
/¥ MATRIX & VYFCTOR DIMENSION (D = INTEGEE) %/
/3% R nf
/% CALCULATE N = # OF MATRIX ZLEMENTS TC INPUT =/
/% */
/% MATRIX-A {(SYMMETRIC) */
/% %
/% DIAGCNAL TLEUMENTS FIZST {(# = 2} */
;f COLUMNS EELOwW TIAGONAL NEXT {(# = N-D) *;
/* VECTCR-B (3 PLEMUNTS) */
/* b4 /
;* SCALEL=C {1 NUMBER) %/
i a3 /
;* THEESHOLLD (1 NUMBER) /
e pX
/********#*********************************************}
CPEN FILT(PAFFILF) STXEZAM INPUTS

F
GFT FILE(2:xFILE} LIST (D)7

3
LE(23RFILE) LIST f(1))3

€1
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AR

DO I=1 TO Dj
GET FILE(PARFILE) LIST (B(I))3

END;
| 3%T FILT(PARFILE) LIST /C,THRESH);
PUT SKIP LIST (’DIMENSION =’,D, TFRESHOLD =",T3RESE):

/e A R e e AR R R RS AR R R R R KRR R R R R AR Rk
/% */
l /¥ INPUT AND PIQOCESS X-VECTCRS */
K /% %/

/ 3l e sfeofe sie e e sl e de dle die e dle slesle e viedix e el igofeie ook e e sie e s ne e e sie e sl s e e e e e sk e sle s dedles /

ON ENDFILE(DLTFILE) ®OF = TRUE;
i OP¥N FILE(CATFILE) STREAM INPUT:
N DO WHILE{ECF = TALSE):

X = ADD2BIT16(X,0NE)S

N PUT SKID{2);
¢ I=1 TC I;
GET FILE(DATFILE) LIST (X(I));
107

’
A PUT SKIP LIST(’X ( =7, X'1));
: ENT$
i /% CALC LAMBDA & X = (X=TRANS)*(& _MaPIIX)*(X) %/
: LAMPDA 2 X = @3
. DC J=1 7C D-13
: DO I=J+1 TO D3
. LAMRDA £ X = LAMEDA A X +/ a(I+J+1)*X{I)*X'J));
- ENTS
i END;
' T2 = 9;
LC I=1 TC T3
. T2 = T2 = { 2(I)*X(I)*X(I))3
. IND;
LAMEDA & X = ‘2%LAMBLA_A X ) + T2;
/% 40D LAMPD: & Y 70 { B-VFCTOZ)*(Y) & ST0: T %/
DC I=1 TO I3
LAM3DA A X = LAMEDA_A_X + ! 3{I) % X'I))3
™D

/% 82D LAMED: * Y T0 ¢ & STORE IN LAMED: & ¥ )

LAMEDA £ X = LAMRDA A_X  + Ci

.".'.'.'...-.Ll-.\.. -,, ~ "y A SR AT I L FRCI CUeTesG T e e e e T e
SRR A Y AN I T ‘-.‘P-l_.!- AV VAV AR S WD, N PP PRI PP G ST SO
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/******#**********#**********************************#*/
/* %/
/* AWAIT LAMBTA BP Y CALCULATED IN TZZ QTHER CLUSTER *;

/#********** @3 30 3k Ao o N e e e e AeRe AR e TR RO ROR SERS He e e A e N e A Ae AR AN/

CALL AWAIT(B1EVC,X);

PUT SKIP(2) LIST(’LAMBDA 4 X =",LiM2D¢ _* %
PUT SKIP LIST (“LAMBDA_RP Y =",LiMETA_®D Y)

B

»“

/***#*****************#********************************/
/% =/
/% ADD THI LAM3DA 3P Y VALUT RECEIVED FROM %/
/% TEE CTHZZ CLUSTER VIS TEE ETHEZNTT TO % /
/% TCF LAMEDA_A_X VALUE CALCULATED IN THIS s/
/% CLUST®ER, AND CCMPARE TO TEE THIESHCLD. i/
/% oy
/s et e ne e sede ek s o e teeote s e e s sl ek e e e s ook sl ste e seste i sk me e de v e g o /

T2 = LAMPTA 4 X + LAMBDA_3P_Y;
IP (T2 > MHER®SH) THEN DO3
PUT SXI? LIST( ESULT =,72,71S > TH2EZSECLT ‘)3

MDD
“LSE DO:

2UT SKI2 LIST“R7SULT 7, 72,°1S < TEISECLL 7))

END;S
DO I=C TO 12223
TC J=¢ 70 5d¢; 7% DFLAY LOC? */
¥NDS
IND3S
/:‘,z ¢ e e sle sy ez s N sle s s e sle sl sl e stedfe e e e siale e sl e sl sle st sl g e e sl Yl e sl e sl s s sty vt
/% !
/¥ NCTIFY FOARD 3 TO CONTINUT WITY NTXT INPUT VECTG- */
£
,/itz'pz::;;z***:;:a:::‘,::',t:f::‘.:... 220E NTATREIIICSCNIICRT KWL IR PRI T INRTRTAT AT HISR AT R BT R BTN ANONT L K2 2o B /'

CalT ADVANC®{A2EVC):
/% TVD CF DC NAILET /TCF = TALST) LICP /
UT SYIP(3) LIST{ TND CF INDUT 24T )i

PE2S
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LRt At A o LA A ater u e g e gy e e n'-'l_ff'-‘- e TR M A, Sk Y S S S R P it ity b e Dl A WA e Sl S § WL R S B N ) K g 4
~ N ARG AN IR AR S A A A A A R A . A e i bt e A e,

/3t e e e o el ok e e 3¢ 3 e o ke e e ook s sk e e adestele e e afe ook e e el Aol s sk s e e e Aok ek A X R RoK /
/************=****************************************** sk
/* % /
/* PA3 is resident in local memory of SBC 3, CLUSTER 4. */

R e L ST b,

/ * * / :_::“:
/*  This prccedure performs the folleowing operations: */ N
/ # */ o '-}‘.:

- /%
= /%
| /
.. /=

/%

Loads qualratic equation parameters A,Z,C,D. ¥ . :y;f
Reads sensor & observation vecters from disk. X/ e
Computes the Conditional LLR ! LAMBDA AP X ) ®/

to send to sensor B for further cc¢mputation., ¥/ AR
. Sudmits a reouest into the F&3 queue to send */ e
/% the CLLR statistic to seasnr E. * e
/% . Advarces eventcount A1EVC tc signal senscr 3 i/ s
/¥ that its awaited statistic is available. # '

w > DN -
*

| /*
. /** 2 e e o ol e ol 2ol e ol Yiexe it 2 ol 37 X2 it 372 ¥l e ok e st sl sie sie e e sl ek sl mleslzaf e e e sle sle sl slasie e sleniz sl veslesle e st ne s / .
" /*************x****%***************************************/ -
- P43: PROCEDUXES <
e FYTITVRTIINTY Y3 NT ol 7. ?
) YINCLUDE “SYSDIF.PLI”: X
- YRTPLACY N

Pa RY ‘225234, /* 21 1S STT TO TEIS VALUE */ -

P3 BY ‘aCC7 34, /* ®2 IS SET TC TIIS VALUTF * -
3 ER®_ELCCK_LONGTYW Y 27%,/% USED TN CCNT2CL x/
i THP_BICCK_L®WNGTH_M1 RY 1e,/% 2¢3 SIZE =/
: TIUT 3Y ‘1R,

- FaLS® RY a’D, .
:: ONE EY ‘eed1l 243 .
5 DECLLPT L
. [/ s s e R e e e e e el A N e e e e e e et et e e ook e s e Aol Rk R e R MRt
/3 PARAFILY CCONTAINS THE FOLLOWING PARAMTWTERS w/
/3% ey
/3 1. MATRIX/YFCTOR DIMZINSION, )
/% 2. D DIAGCNAL TLEMENTS CT THT MATRIX-AP. */
= /* 2. COY BY COT ELEMTINTS 2ELOW DILGCON:U OF /7

D * MATRIX-AP, s/
i /% 4, D ELEMENTS CF YRCTC=-32, s/
- 5, SCLLAw 8

r% 5. SCLLA=-02, il ‘

/% -

/% DATFTILE CONTAINS TEE FOLLCWING VALUES S
g /% e
> /% 1. D-ILT“INT X-YTCTOES.
- /% T

/***ﬂ************u***********#*****$**********x*$****.$

DETEFILT) FILW

Loy

(1) STATIC INIT{FALST). e

8 64




’) %xzn

- 1187228) 55(52) CP,T1,X(32)) FLOAT,

/“*3*“** 1< 3% % sl R ie ole i sle ol sk Hie viesie sl e sle Hieal vl dle sle e sie sedk ol slesle oot e e slesleole s slesiesie sk e e s r/
/% %/
: ;* INDIX VARIABLESL AND CONSTANTS USED FaP =/
g * #
: % INDEXING IN THE ERR (F3B_INDEX) %
o SFOUTNCING & CONTROL( I1.JJ.X ) %/
/% INENTIFYING DATA TRANSFER({DATA TYPE) %/
/% IDENTIFYING OPPOSITE CLUSTER ADDRESS %/

a2

TR

/* %/

. /********$*****$***********************.**************$/

' EPB_INDEX FIXED,

] (11,J7) RIT(16),

: K BIT(16) STATIC INIT( 22272734},
naTA TYPE BIT(8) ST&TIC INIT("217%4),
CLUSTER_ADDRESS PIT(1€) STATIC INIT(’22¢2°P4:,

iy
J(.

s oo sl sk el Ao ek e e AR s s iR R A R e ek f
%/

PCINTTRS ARI USFD IN THE FOLLOWING MANNE?® fi
P1 SET TO Pt T0 BE ADDYD TC SEGMENT &LD3 2872 ;/
P2 SST TO PE TO BT ADDED TO SEGMENT ADDR 2822 %/
S 3R el e SR AT AR SR AS K A L ATIRM AR ********************;;

ae
26 93 4

L LR S
W v e

3¢
¥*
*
3¢
3¢
2%
1(‘

NSNS SIS

{P1,P2) PCINTTR,

/#******k*k**k***ﬁ******#$*#**#********************n*#*

sy 3 eI T8 _? B L R A T
T T T

* 3 %

B /% TE3 TTIFRNET RFOUFST BLOCK (FFEB)

/% ETPEPNRT rEQUIST DPACXTT (ERP) ST2UCTURT

~
*
"

A A A
A TS

/% IS USTD IN TE™ FCLILOWING MANNEE

) /= COMMAND = 1 FO2 DATA T=INSTE® CV=%: E-4:T
h /% TTPE (NOT US®D FY T=IS PZCCEDUTE:
/% VALUT {MOT USET ®Y THIS PICCETU:R)
/% FEMOTE _¢D™ = CLUSTET *DDFFSS OF DISTINATION
/%

1o 2 wlsais ala a'sale LUty o els e o, seate voals s S wie o ale slonts wis ale oY, abe uls als als vt uls alp ale a's ale aly 22 ate 2ta ot als ale ale Als (0 ats nls o
/%vnmwmmn¢L¢wA*JQ“v*mw*»*gJm¢m4mmmm,u4¢¢$v¢m%mmﬁxummw4.

.
%% s

r
~
o
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2%
v

1 ERI{7P+TRR nTOCJ
2 covManD”
2 TVPW

VATLJ®

2 REIMOTT_ADOR

Z
Ca A3
= (M -3

N
MKﬂtuhiﬁ
bt -t g3
3 v33 3.
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| T \f’_"‘».‘ NN v"‘.*'\‘»‘."-"'m '...'(_'\_'..:_v\_' R S R R R W N T s e . I

.......

/sl 3 o e Ao i s ot e e e e e el e e o ol e e s ok o st ok A R HOR MR A R R K KR
3 */
/% BASE LAMBDA_ 2P X AT P2 = PB (CFFSET ADD TC DATA =/
/% SEGMENT = 0820 ) */

'n‘ N ‘v
LI i N

/:;t 3% / . ':.'_-:.-"_.
/* 3% He3ic e o e o e e e e i o e e e 3 R Ae e e 3 e e o 3 e e e A A ACAS HRHE A RO RN RAT IR IR AR / :-:..:-'.:-j

LAMBDA AP_X FLOAT BASED(P2); S

Ard

/% SET PCINTEZRS TO VALUES INTDICATED IN REPLACE ABCVE */

UNSPEC(P1) Pas

UNSPEC(P2) P33

/>t=**** 3208 2l X2 ¥R sie S 2e 31 Sle 32 36 3 33 e e K Ok Hexe sie ol R Ko NN e R sk R e Ne R N K e s sia Nk /

/* */ AP
/% INPUT PARAMETEZRS FROM DISY FILE “/ =
;j MATRIX & VECTOR DIMENSION (D = INTEGE:) f§ ;ﬁg
é% CALCULATE N = # OF MATRIX ELIMINTS TC 1207 §< -'1?
/% MATIIX-AD | STMMITRIC) jé -

DIAGONAL TLEMENTS FIZST (= )
CCLUMNS T¥LCW TIAGONAL WNEXT (¢ = N-1)

PRI

"
(&}
LR
~

s

W

FCTCR-EP (D TLEMTNTS)

e
o

P1

SCaL*+=CP (1 NUMBER)

T
W R

3
NN N NN

3
K

wla tr s ol e nts obe ols o 2 vla ats ale ale ats wte wlsa's als ale afs als oo ala,ots Ao ale gle visgle uts 2ty wfe ate s als alsals n's wls e als Wl wioats wthabo w . wia e als e nts
PN R AR KR AR B ieesie sl i e s st vele sl e b4 P R AR R PR AR A SRR C SY R YRS X3

AR C A 3 AP AP SR F S x

I T
3

QPFN FILT(PAZAFILE) ST/ FAM INPUTH RS
3IT FILT{PLRAFILT) LIST D,: T

.Z?PR#FILF) LIST (4pP{1))3

70 =1 "C N; L
A“ET FILT/PAAFILET) LIST (RP(I)); !
INTS AN

GFT FIL®(22RAFILY) LIST «CP):

PHT S¥FIP TTST  “DIMENSION =7,0):

VISP L T REVIE 0 SHI E SPOAP APPSR PP PP P SR AP S S PPN P S DE DRI I SPBE I DRER.




/**************** ************************************#*/
7 %/
INPUT AND PROCESS X-VECTCRS

3 3

NN

Vs
/¥

[/ ¥ Tade e de e e e e stese dfeade sl e e Ao Aeale ook o e A e st dfede o ok e o ok el A le Ao s el ek
ON ENDFILE(DATAFILE) EOF = TFUES
OPIN FITLE(DATAFILE) STREAM INPUT;
DO WHILE(ECF = FALSE);
CALL AWAIT(A2EYC,X):
PUT SKIP(2);
I0 I=1 T0 Ds
GET FILE(DATAFILE) LIST (X(1I)):
PUT SXIP? LIST{X CWVIL T =00 )

TND3

~
3¢

“ STORF (X ~TRANS }¥(AP-MATRIX)*(X)} IN LEMED: 8?2 X =/

LAMRDA AP X = 23

Dy J=1 TO0 D-1:
TC I=J+1 TC D3
LtMRDA AP X = TLAMEDA tP X+(82(I+J+1)=X{IV*X{Ji):
IND; -7 -7
ENTS

L3 I=1 TC D;
T1 = T1 + (AP(L)*X{I)*X{I))3

T™DS

TAMEDA AP _X = (2%TAMTDY 8D X) + T1;

/% ADD LAMEBDA AP X [C (RP~VECTOx)*(X) & STCRE ks

17
MAL

DS 1 0 Di
L A _AP X = LAMADA AP X + 139(1) = X I))3

FNDS

(% ADD TEMEDA 4P X TC CP §& STCRY IN LAMEDY 83 X w/

TAMADA AP X = LAMRDE EP X + CPj

..........................

.......................................................

PO
PR AEAP AR
.'.'.'AI"..r 'v!

T et T
et s
a

.’.~ .,{
q

.....



R LT~
hY
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WRPAFs G GTEE RN R - S

R AR
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IEREE BTN A h -

@y

ML A

DN /R R 4

......
.....
......

e e teoeote el et etk et ol AR et ool ek ook s el et etk ok e e sl R R T o
f* *;
;: GET A TICKET TO ENABLE A WRITE TC THE E=B i;
e dedestedk e e Al e e/

/***********************************-
I1 = TICKET(ERB_WRITE_PEQUEST);
/% I1 NOW HAS TVFE VALUE OF THT TICKET RETURNED ‘ %/
JJ = READ(ERR_WRITF);
/* JJ NOW BAS THE VALUE OF ERB_WRITT i/
DO WHILE(JJ < II);
JJ = READ(TRB_WRITT);

TR T ®
ENDS

/% IF ETHEZNTT DEQUEST RLOCK (ERB) IS FULL-BUSY WelT %/
JI = READ(ERB_RE2D);
D0 WEILE{(II - JJ) >= EXR_BLOCK_LENITE):
JJ = RFAD(FRR _RTAD):

TADS

3
{
)f

/**************** SASR N2 3 % A8 S e Sieol A2 AR PR3 58 3 e e XA N R RO AR N IR AR A
/:j:

/* W2ITE T0 ECB WHFN 4 SLCT IS CP N

/% COMMEND = 1 FOR DATA TC BE TRANSFFLED

/% 2ZMOTE_ADD® TESTINATICY CLUST® ALDLESS

i

R I
NN NN NN

/3%
ASGERAE R L i St R R LR At e e e e e S SRl S S S s
TR2_INDTX = MCD/II,Z=® BLOCYX_LENGTH);S

s}

FRIF:ZB_INDEY).COMMAND = DATA_TYPT;

il

o]

RR TR _INDEX).REVCTZ_ATDR = CLUSTEZI_ADDHESS:

/5238 35 Y 32 e e o 3z 2l e e Re ol e st e sl N HE e ok ok ek AR N8 A SR IT A R AT AT AR MR AN R R AR RNe N2 38 /
/:‘: */
/* NOTIFY MCOZTFX THAT ERP wRITE IS CCMPLETE */
/% %/

/:k**:’.c:k:‘.:.... ¢34 2123l 22 st e Az dle sl sl e dle e sie e sioafe siede e a el e niesie e Aeslesiene g Ae e ne e e s e le e e sie s /

CALL *DVANCE(ERR _WFITE):

m
m

R

oy
st a
-y
S




/% dese e o 2 s ke e e o e o o o kst o 3k e s e e e Sl afe o e ol e s e e deade o e e s e e st e Skt Ne e /
/% %/
/% AN FTETRNET RFTCUEST PA&CXET (ERP) IS NOW SETUP */
/% IN THE ETHTRMP®T REQUEST BLOCK ‘EX3R). TEIS WILL %/
/* SIGNAL THE DRIVER PXOCEDURT CN ROARD 1 TC FETCE */
/* TEE DAT& STORFD IN COMMON MEMORY (LAMBDA AP X) &T %/
/% ADDRYTSS J8A%:80C3~-0S2%:2CC3 & MOVE IT TO *®/
/* ADDRESS @2¢@:80TA-2920:8¢DD (TRANSMIT TATA_3LOCK) */
/% ALSO IN COMMON MEMORY TO BE PACKETIZED AND SENT TO */
/% THT RTCTIVE _DATA_RLOCK (RDB) OF THF OTHER CLUSTIR */
/% ADDRESS 2£022:367C-0230:867F «HERE IT IS MQVED TC */
/% ADDPFSS @e22:8DDP-@872-8DD3 IN TEE OTEEE CLUSTEERS */

* COMMON MPMCRY (LAMPDA_AP_X). */
/% %/
/***’i‘-*****i:******3.‘************* 523t SR e ROAR 3 XA IR AL LR LI XTI -w*/
/=;==Z=>;<=Z=’(==-‘=*>;=>:==G‘~*=!=’!==:=>2<**************r AR 2 E 3 S L R S R S
/% */
/* NOTIFY OTHEF CLUSTER THAT DAT2? IS RZeTY */

x x/
/::t:{:r:::::*:::::: a3t ate o i st iz Sie st ste st vie e sfesie st ofe vl siesie sl vk e sl e sl Yieofe sienie sl e e e e e e e e e el ::::;z/

C:LL ADVANCE(A1EVC);

¥ = £DD2FEIT16(K,ONT);

NI /% END C® TC wEILE (ECF = FALSE) LOC?® 3/
PUT SYXIP(Z) LIST('FND OF INPUT DAT:")S
ENI PA3,
B SRS SR A R e *#*******#“*~**$****a»*¢** AR
/2K 3% ST e S O e e * st 3 3053 o e e el 2 ale s 33 S 3 SIS 3003 36 e XN RN ST <vr/
/*': P /
/¥ 232 is rasid=nt in lccal memecry of SB8C 2, CLUSTE=® 3. */
/':(: :;:/
/¥ Tais prncedure performs the following operations: x/
Vi e/
/3 1. "oads cuadratic ecuation pa-~ameters 4,5,0,D. )
s 2. 99&15 sensor 2 notservatlon vectors from d4isg, X/
/% 2, Coempites L7 ! LAMRDA _R_Y ; for local use. w®/
/% 4. Computes ! LAMRDA B Y - LA¥ED4 &P _X ) the */
/3 sum of the local ard remote senser LL:S s 2y
/F &. Compares the result to the decision threshold %/
/* ani di<plays the final result and decisinn. */
A% £. ®orforms steps 2-5 far earch input verctor, s
/% s/
s e oot e le AR et s SKRC A ek e el e R AR R AR e ek

o ols s a's nle wbs ute o wle PORPUPY

/ Ped e e st sle e e
s
e 3

/¥ e sl ez Re SR TEVERITE IR CTURTIVELBTISEURNEE E ChA2 £F SEYEXE VR CEAS -2 S XEERRE SEE AR S S S




PB2: PROCEDURES

%INCLUDE ‘SYSDEF.PLI’;
ZREPLACE
PC BY ‘SDD2'B4, /%* P3 IS SET TO TEIS VALUZ */
TRUE RY “1°B,
FALSE BY ‘0 B,
ONE BY ‘eee1 B4

DECLARE
/******************#***********#***********************/
/% PAPFILE CONTAINS THE FCLLCWING PARAMETERAS */ R
e */ i
/% . MATSIX/VECTCR DIMENSION. %/ S
/% . D DIAGONAL ELEMENTS OF THT MATRIX-A. %/
/* . CCL RY COL FLEMENTS RELOW DIAGONAL CF ®/
/% MATRIX-A. */
/* 4. D ELEMENTS OF VECTOF-3B, %/
/* 3. SCALAR-C. %/
/* 6. THIESHOLD. *®/
L

G

/* b
/* DATFI CONTAINS THX FOLLOWING VALUES %/
/* */
/% . D-ELEMENT Y-VECTCES. */
/* */
/************#*****************************************

x4

-

', D*TFILE) FILE,
) STATIC INIT(FALSF),

¥l
32),C, T2 Y(32),THZESH,L#MBDA_E_Y) FLC!T,
STATIC INI”"Z@ZE Pé)

£

/************************************#***************:m

/*

/*¥ P23 STT TO PC TO PT ADD%®D TO SEGMENT ADD: 2R22 ¢
/% *
/%*’ 232 22 33 8¢ 2 e o2 3R 32 < 22 o AT N2 K2 Y2 T ALK ¥E Neo WA SRR AT I AC R AN HI AL KIKE M HT I NEIT AR AL

B
NSNS NN

PZ POINTTR, —

#****$$*ﬂ**ﬁ******%*******#***********************$***/

< %/

* EASE LAMEDA AP X AT P3 = PC !C¥FSZET 8DD TO D&T" %/ e

: SEGMINT = 28Ty ) %/ e
£

\C\ff\\}\

e
s 3 s e sttt e e s e e ot et e o sl o e ke et ¢ e seate e Sge e e ke e e e SRR e e et s e 33 Tt

LAMBDA 4P X FTLOAT BASEL(P3);

/% 5PT POINTIES TO VALURS INDICATED IN KREPLACE ARQVE */ R

7%

R
oy




ow e
: oo
‘ e
T UNSPEC(P3) = PC; s
) K L:'.
~: /******* 29k e e 3je 0 dje el Je o ie e deafe sje e e seale e e e e e ok e alt Ko ofe sfeoe e e el de ek ek e ek f 3:"‘:'[:'\'::
’ /* */ ’ {
N /* INPUT PARAMETERS FROM DISK FILE */ AEAD
- /% */ ol
- ;* MATRIX & VECTOE DIMENSION (D = INTEGER) *; el
", %* %* .
. ;* CALCULATE N = # OF MATRIX ELEMENTS TO INPUT f;
% %
/¥ MATRIX-A (SYMMSTRIC) */ A
Ve %/ TR
* DIAGONAL  ELEMENTS FIRST (# = T) %/ e
/% COLUMNS RELOW DIAGONAL NFXT (# = N-D) */ i
/% x/ AN
/% VECTOR-R (D TLETMFNTS) %/ =
o /* : %/ i
: /% SCALAZI-C (1 NUMBER) : [ Qo
* ®/ Pl

» /% TARESHOLD (1 NUMBTR) %/
/% */

- /*******************#***** FEI O NE XS A KK A AT AL RA R M ACK R AR AR
- OPEN FILE!{PARFILE) STREAM INPUT;

- GTT FILT{PARFILI) LIST D)3

0 N = ((D ®* D)+D)/2;

lf"

DC I=1 TO N3

: 38T FILE/PARFILE) LIST A(I));
- END;
. DO I=1 TC D;

3BT TILET(PARFILE) LIST '3(I))3;
ENDS S

SET FILT(PARFILT) LIST (C,TERESEYS

PUT SKIP LIST {‘CIMENSICN =",T, THITSEQLD =",TERESH);

/) 3¢ e e e ot e ot o oo se ek e e e et et e o e o o e MR RN R R R R N e f?ﬁ%
B e/ :L
/% INPUT AND PREQCESS Y-VECTCAS */ T

/* *®/

Wt als aipnta oy ols als atoats . als n0s als ute als gle ctsal, Yo Ay aly ot sty uts Is Ao WSs ol ats wis qls nte nls ~'- ~l.
/ S nesie sl sl e e o sl g sl e el sesie vl sleale sl i ale vt sie e dle e le ol s e e i e e slesle e e s e st e s et e e /

o ON ENDFILE(D*IFILE) EOF = TFUE: =

: OPTIN FILE{DATFILZ) STRTAM INPUT; T
% IC WEILZ{ECF = FALSI); R

71
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K = ADD2BIT16(K,CNE);

ety ey, Y

PUT SKIP(2):

: PO I=1 TC D;

> GET FILE(DATFILE) LIST (Y(I))3
PUT SKIP LIST('Y (“vI1,7) =

END3

“LY(1))s

’
ettt

»
.

/* CALC LAMBDA B Y (Y-TRANS)*(& _MATRIX)*(Y) */

LAMBDE B Y = @3
DO J=1"TO D-1;
¢ ILj
Y = LAMBDA B Y +( A(I+J+1)*Y(I)*Y(J));

FOA(DRYII*T (1))

LAMPDA R Y = (2%LAvBDA_®_Y ) + T2:

- /% ADD LAMBDA B Y TC ( B-VECTCR)*(Y) & STORE %/

]
£
(&

=1 TO D: :
AM3DA B Y = LAMBDA B Y + ¢ B{I) * Y'I))3

\
e bt

ted
Z

ND
/% ADD LAMBDE B Y TO C & STORE IN LAMBDA B_¥ %/
LAMEDA_® Y = LAMBDA 2 Y + C3

/¥ 8 e e e o e e A e e e ek ocale e e el o sele A ek e e sk ek R e el SRR KR 3/
/% ®/
/% AWLIT LEMBDA %2 X CALCULATED IN THE CTHE® CLUST=Z= %=/
/% %/

/ 5 e st Boole e dlaole esieslesie e sl Bl e e e ste e ol e e i e e e Bz alesie ne sk st slesie s e sie sl sie sl e sl sl e st sk /

CALL AWAIT{A1EYC,K):
PUT SXIP{2) LIST( LAMED: B_Y

) *,LAMEDA P Y ); L
DJT SKIP LIST  ("LAMEDA AP X A

*,LAM3DA 2D X)i

/=:=’:==:==.==i-' 338 3R AL 3 BTN IRAE R R A AR *****#*ar*********************/ -:.' .._'_-'
/% ADPT THT LAMEDA_AP X VALUZ RECEIVID FROM ®/ T
= /% TEE OTHY? CLUST®R VIt THE ETPE:NEP T0 */ T
- /% THE LAMBDA B Y VALUE CALCULATED IN THIS X/ e
- /% CLUST4®, AND COMPARR THE RTSULT TC THT %/ SN
/% TF=ESHOLD VALUE. ®/ AR
/**#**:;f***#***********##**:.‘t********#*******************/ o ‘;."

72
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T2 = LAMEDA_B_Y + LAMBDA_AP_X;

IF (T2 > THRESH) THEN DC; '
PUT SXIP LIST( RESULT =7,72,°IS > THYESHOLD )3

ENDS

ELSE IOj

PUT SKI? LIST( RESULT =7,T2,°1S < TEPESHOLD )i
INDS '

DO I=¢ TO 1@ee¢;
DO J=0 TO £20¢; /* DELAY LOOP */
RENDS

- END;
/%% e e el e e de sy ie o Mo e e e e el o K e e Ao e e e 30 ok A R e Aok sk K ook Ak e Ak /
/% #/
,l /% NOTIFY BOARD 3 TO CONTINUT WITH NEXT INPUT VECTC? #/
- /* x/

;; [/ %% sk slesie e Feale steale sleale ezl e e e slesfevtesjesie e e ek e s e sieae e e e e N e e e o R e dedje e ol v e ek
%i CALL ADVANCF(B2EVC);

3 END; /% IND OF DO WUILT (¥OF = FALST) LOOP */

3 PYT SKIP(3) LIST(’END OF INPUT DATA’);

END PB2;

/**********************************************************/
/****g**********************-**********************$$*****$/
% %/
/* P33 is residant in local memory of GRC 3, CLUSTE= &, */
/* #/
/% This pracedure performs the following cperations: %/

- “/

/* 1. Loads ocuadratic eauation parameters A,%,C,D. */
/¥ 2. Feads sensor ® otservation vectors from disk. =/
/¥ 3. Compnutas the fonditional LIR 7 LAMBDA_FP_Y ) ®/
/% te serd to Sensor & for further computation. %/
/% 4, 3:tmits a reouvest into the TR3 qusue to senid ./
/= tne CLLR statistic to senscr 3. %/
/% &, Advances eveptchrunt 31%VC to signal sensor A w/
/* that its awaited statistic is available. %/

/% %/
/**’.‘*ﬂ****** Seoe ok o 342 s o e vk He e o e ol B8 e eog sle e Mol sl e oa e sl e ez ke ke sk e e N e Re e el ae /
/B Hexe Ko eole e 34t X Xe 3 e X Qe Ao e e e Ae e ke e e e 3o %8 e A Ko 3 %e e e oo AR qe e e Ne e e ReRw R /
PPS: PrCCEDURES

ZIMCLUDE “SYSDYF.PLI':

¥RFPLACE




.......

2 PA BY ’2000°R4, /* P1 IS SET TO THIS VALUE */
2 P3 3Y ‘8CC2 B4, /* P2 IS SET TO THIS VALUE */
N
“ ERB_BLOCK_LENGTH BY 2¢,/% USED TO CONTROL */
v ERR_BLOCK_LENGTH_M1 BY 19,/* TRE SIZE */
2 TRUE "~ BY ‘1B,
- PALSE RY ‘0’8,
- ONE BY  ‘2001°34;
DECLATE
_j" /****************a‘<*#*#**#****************#*************/
) /* PARAFILY CONTAINS TEE FOLLOWING PARAMETERS */
” /% */ AT
/* 1. MATRIX/VRCTOR DIMENSION. */ R
/* 2. D DPIAGONAL ELEMENTS OF TEE MATRIX-AP. x/ e
/% 3. CCL RY COL ELEMFNTS EBELOW DIA&GON:L OF *®/ DESAS
/% MATRIX-AP. ®/ P
- /* 4, D ELTMENTS OF VECTCR-3P. %/
# 5. SCALAP-CP®. %/ *‘*f‘
/% */ e
Cf DATAFILE CONTAINS TEY FOLLOWING VALUFS *5 QXﬁi
J% ¥ ".'.':""
L - ! - s ':\‘:-_i:;
’ e 1. D-SLFMENT Y-V¥CTORS. *é N
o /************:’.t*** ******#*******************************/
o (PARAFILE,DATAFILE) FILE,
- FCF BIT{1) STATIC INIT{FALSE),
= (1,J,D.N) FTIXED,
ifap(s2s),’pP(32),CP,T1,Y!32)) FLOAT,
- /* Je siedle s s 1008 e 3z ot v e sz sle e sl s ole R e Yoo e ot e e e vl i ne o e e e s e slesfeskesi: :::‘.==Z<::==2‘-=.==:==:=/
:_ /% & /
- /* INDEX VARIARLTS AND CONSTANTS USED Farf x/
y /¥ %/
/% INDEXING IN TH® E33 (273 _INDEX) %/
/% SFCUENCING & CONTROL( II,JJ,¥ ) ®/
/% IDENTIFYING DATA TRANSFE=Z(DATA TY?S)} w/
/% IDENTIFYING OPPCSITE CLUST®F #DDZESS %/
/% %/
/=:==‘.=a==:=*=r=:::>? nede sk e e e sk kR R K siesie s dfe e e de e sle e desle e e Keofe e e e e segsfe e ne e 3 /
- FEB INDEX FIXED,
5 (II1,J7) RIT(16),
- 4 BIT(16) STATIC INIT( 2eaa’34),
. DaTA _TYPE RIT(R) STtTIC INIT( 21°34),
- CLUSTER_ADDRTSS PIT(1€) ST#TIC INIT( 72221 %%,
':L'ﬁ 74
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;:*******#********************************************15 %:£ﬁ
;: POINTZRS ARE USED IN THE FOLLCWING MANNER :§ -
/* P1 SET TO P4 TO BY ADDED TC SEGMENT ADDR 28¢0  */
/f P2 SET TO PF TO BT ADDED TO SEGMENT ADDF 2883  */
/;****************************************************:;

v

i @ 7,

(P1,P2) POINTER,

/ Sesesisteest e sl sestesiete s el slesie e e sfeleate sl sle sl sesfeie sl s feleste el s e le e e ek /

L /:;:
| /% TYT TTPERNZIT XEQUEST RPLOCK (FRB) %/

2 /% */
- /% ETEEZNET PEQUEST PACKET (ERP) STRUCTURZ w/
} /* IS USED IN TH® FCLLOWING MANNZIR */
,.: /* ;::/
D, /% COMMAND =1 ¥OF DATA TERANSFEZ OVER E-NET */
e /3 TYPE (NCT USED BY THIS PROCERURE) */
- /% VALUE {NOT USED BY THIS PROCEDUrZE) */
7 ;* RIMCTY_ADDR = CLUSTZR_ALDDRESS OF DESTINATION *;
"3 EC ' %

/3E TR AT AR SEAT T HE 32 A AR KR KA A NeKe Ao Ao K ¢ X IR HO N AN X IR HAE R RO AR % /

1 ER3(2:IRT?_RLOCY_LENGTH_M1) EASED (P1),
2 COMMEND BIT(8),
2 TYP® PIT(8),
- 2 VALUE BIT{18),
| 2 REMOTE_#DDR  BIT(16).

- /*****#*********#*************************$********#***/
=
. /:‘,: =/

/* RBASE TAMERNA PP Y AT P2 = PR 'OFFSET ADDT TO DATH =/
/5 SEGMENT = vg¢c¢ ) x/
//* b /
/******* Seajeniz o sefje Xe o X Slefe e A i e N2 AT Ao oy e Xe e e e R WAL ACIE R ACRE R e sk e Bk NeK **/

LAMBEDA_BP_{ FLCAT BASED{P2); S
/% SET POINTEFS TO VALUFS INDICATED IN APPLACE SROVE */ =

R
- UNSPEC(P1) = PAj A
ol .3-. o~
- S LR
y UNSPRC(PR) = P33 SO
g ..‘ -\-\
. RSRSAN
B RSANEY
S = .-.‘_\}:\
- -.'. "
g NIt
;' ':-":":‘
SN




....................... S

r S

. Pﬁf'

13

+

i \ww;

- /******************************************************/ :dqx.

.-: /* o */ 1»‘,'(».$

- '-;'- ..-
N4

fi INPUT PARAMETERS FROM DISK FILE :;
- /%  MATRIX & VECTOR DIMENSION (D = INTEGER) */ IR
: /% */ ¥l
o /% CALCULATE N = # OF MATRIX ELEMENTS TC INPUT %/ g

i /%¥  MATRIX-AP {SYMMETRIC) %/ N

D) %
N-D) %/

/* DIAGONAL ELEMENTS FIRST (#
/* COLUMNS BELOW PIAGONAL NEXT (#

(/]

/* VICTOR-EP (D ELEMFNTS) */

3¢ 38 %

NN
ar
.
"y

| 7% SCALAR-CD® (1 NUMBER)
- /%

[ B stede e siede sieo s deofe s e sl o e e sl Xee e siefe sl s sl e e e g s ste e sk e v ek sesleale s s oot J'_
OPEN FILE(P*LAFILE) STRZAM INPUT; S
RXAGY

T(PARAFILY) LIST (D)3
‘T % T)+D)/23

-i ¢
(9]
t=f
3
~ =}
-
rXal

(PARAFITE) LIST (42(1));

DO I=1 TO D3
TET FILE(PARAFILR®) LIST (BP(I)):
ENTS

73T FILE(PARAFILR) LIST (CP);

PUT SFIP LIST ( DIMENSION =",D}: i

/**$$*****#****************************************%***/
- /* %/ o
;4 /x INPUT AND PROCESS Y-VEICTOES */ S
i 2y :

/vl e sl e e e e e sie e de e ol e 0o 3R 3R 3 3% e e e B R 30 NE NN e 3% e K He e o Xe K R Xe K ne e e HeneNe Ae e /

= ON SNDFILT!{DATATILE) TOF = TRUT: :Rii
' OPTY FILE(DATAFILE) STAZAM INPUT: o
0 WHILE(EOT = FALST):

CALL &4AIT(E2EVC,Y);

o YT SKIPI2)3

* . a!
AR

%

7€

-
[

',

PN

......................................................
.............................................................




- DO I=1 TO Dj
GET FILE(DATAFILE) LIST (Y
PUT SKIP LIST(Y ("1,
ENDS

(I))s
) =7,Y(1));

/* STORE (Y~TPANS )*(AP-MATRIX)*(Y) IN LiMBDA_BP Y %/

LAMBDA BP Y = @

DC J=1 TO D-1;

DO I=J+1 TO D;
LAMBDA BP_Y = LAMBDA BP _Y+{AP(I+J+1)*Y(I)*Y'J));
TND;

IND;

TL = 93
DO I=1 TO D;

TL = T1 + (2P(I)*Y(I)*Y(I));
ND§

t=3

LAMEBDA RP? Y = (2%LAMRDA_BP_Y) + T1;
/* ADD LAMEDA_PP_Y TC (PP-VECTOR)*{Y) & STORE */
DO I=1 TO D;
LAMEDA PP_Y = LAMBDA _BP_Y + (BR/I) * Y'I)):
ENDS
/% 32D LAMBD! BP_Y TO CP & STOPE IN LAM3D: B? Y %/
LAMEDA RD_Y = LAMRDA RP_Y + CP:
/#**“* x*4x’x****#******x**#****p4x*x***»*****¢*»**x*m*/
ﬁ; GIT A TICKET TC INABLE A WRITE TO THY ERR %5
;:***************************#************************:;
IT = TICFRET(ER3_WRITE_TEQUIST)S
/* 11 NOW ¥4S TH® VALUT OF THI TICKET™ EFTURNED */
JJ = TAD(ERB_WRIT®);
* JJ MOW 1S THF VALUE OF E3B_WRITE */
D0 WEIL®R{JJ < II);
JJ = 2EAD(ERB_WRITE):

eND

.
*
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/% IF ETHYTRNET REOUEST BLOCK (ERB) IS FULL-BUSY WAIT */

JJ = READ(ERB_READ);

DO WHILE((II - JJ) >= TRP_BLOCK_LENGTH):
JJ = READ(ERB_READ);

END;

/el s st et st i et de e e e s s et el et sk e s e e i el s steaiesteteole ek 3 ek /
/% */
/* WRITE TO TRR WHEN 4 SLOT IS OPEN */
/% COMMAND = 1 FO2 DATA TC BE TRANSFTRED */
;* HEMOTE_ADDE = DESTINATION CLUSTEE ADDRESS *;
* #

[/ R e e e At A e e Ao N ke esiesiesiedesie ookl seae Aok e sk esle e ne e e R e R R R R e e e B ek /

FR3_INDFX = MOT(II,ERB_BLOCK_LENGTE);
ERETFRE_INDFPX).COMMAND = DATE_ TYPT;
FRB{T3B_INDTX),REMOTE_ADDPR = CLUSTER_ADDRISS:

/******************************************************/
/ 32 b3 /
/% NOTIFY MCORTEX THAT ERP WRITE IS COMPLETTE *;
/* *

/ P e s e el stesfeve it e sesfelese et sl et s e e oot sk ek R SRR R e e o /

C*LL ADVANCF(ER3_WRITE):

*
3¢
1

S5 3 3

/******* R R AR AT He 2 0 e 34 X0 R A RO e oA KA AL IR NS Ko N Ne N R A RN AR R ALK
/:;:

A &N ETHEPNET kXQUEST PACKET (E3P) IS NCW SETUP
/% IN THE ETHTRNET REQUTYST ®ICCK (ERR). THIS WILL
/% SIGNAL TYT DRIVEP P2CCEDURT ON 2CA<D 1 TO FEITCE
/% TET DaT& STORED IN COMMON MEMOPY (LAMBDA 2P Y) 87
/% BDDRFSS DEPA:1ACCH-QEAP:£3C3 & MOVE IT TO

/* ADDRESS ¢320:8¢DA-35006:30DD (T-ANSMIT_TATA_ELOCY)
/* &LS0O IN COMMON MEMORY TC BW PACYETIZED #ND SENT TC
/¥ TEFP RECVIVZI_DATA_PLOCK {RD®) O¥ THE OTETR CLUSTEZ
/% ADDRESS ¥=24:967C-J800:2677 wYERI IT IS MCVED TC
/* ADDRESS 2ueg#:8DDZ-@8@¢-8DD3 IN THE OTHEn CLUSTE:S
é? COMMCN MEMORY (LAMIDA PP Y),

AR I A

3 . .
N e T e e T

PR A
LI

3% 3%

[/ 7O R NRT R S AR AR NI e Ja o 08 3 NORS A AR AoA A HE R HC He K2 e HeAe R ofe He e 3x Ag MR A Ne e 30

/**$$*****¥******************************************$*/
/ ne 52 /
/% NOTI¥Y CTEFF CLUSTED TH4T DsTA IS -EADY */
/ i * /

/**#******$*$$$**#**$******$$*****#******************ﬂ*/
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CALL ADVANCE(B1EVC)3
K = ADD2BIT16(K,ONE)S
END; /* END OF DO WHILE (EOF = FALSE) LOOP */
PUT SKIP(3) LIST('END CF INPUT DATA’)S

END P33;
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