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1 INTRODUCTION

This manual describes the design and use of a software simulator package for FIF radios employing
FED-STD-IM5A{IL-STD-188-141A Automatic Link Establishment (ALE). This package employs the

simulators for narrow-band HF channels and the standard ALE modem described elsewherel. This
software was developed by Johnson Research under the sponsorship of the Institute for
Telecommunication Sciences, National Telecommunications and Information Administration, U.S.
Department of Commerce, Boulder, Colorado. The initial work leading to the development of these

simulators was sponsorcd by the U.S. Army Information Systems Engineering Command, Ft. Huachuca,

Arizona.
The simulators described here are found at a higher level in the ISO OSI model than the channel and

modem simulators, as seen in Figure l. Due to the modular nature of this simulator package, the

Linking Protection (LP) simulator can be incorporated with only minor changes in the other modules.

DaLa

Link
Layer

Physical
Layer

Figure 1: Simulator Stack

ALE Protocol Simulator

ALE FEC Simulator

I g.f. Johnson, "[IF Simulator: Channel and Modern Modules," Johnson Research, Las Cruces, NM,2 July l9l.



This simulator package includes the following features of the ALE standard:

. An address data base for self, net, and other addresses.

. Automatic measurement of a pseudo bit errcr ratio @BER) for each successfully-received

transmission.

. An LQA (Link Quality Analysis) matrix which records the PBER of channels benreen the

simulator and other stations, including both measured PBER from received transmissions,

and the PBER in the other direction, as reported by the other stations.

. Individual and net calls.

. LQA handshakes.

. Automatic Message Display (AMD).

The implementation of the simulator described in this report is limited in the following dimensions:

. Only single-word addresses (three characters) are supported.

. Anycalls, allcalls, and group calls are not suppofted.

. Data text mde (DTM) and data block mode (DBM) protocols are not supported.

. Sounds are correctly interpreted, but do not update the LQA matrix and are not sent.

The overall operating concepr of this simulator package is to simulate in detail those operations and

decisions made by an actual ALE radio which could have a first-order effect on the performance of the

network. Other functions are either "hard coded" into the simulator or precomputed during the

initialization phase. This leads to a design in which most transmissions are precomputed and then used

repeatedly for each simulated handshake, while the receiver is reset before each handshake and reacts to

whatever it receives, regardless of the type of transmissions selected for the simulation. The exception

to the rule of prccomputed transmissions is LQA reports, which must be computed immediately prior to

transmission so that they correctly rcport the most recently measured channel conditions.

The role of the simulator is always as the receiver. Thus, in the course of a handshake between JOE

and SAM, the simulator first acts like SAM in receiving a call from JOE. It then switches to become

JOE to receive the response from SAM, and finally becomes SAM again to receive an acknowledgement

from JOE.

Given the precomputed transmissions, it is easiest to think of the receiver as "pulling" symbols

through the tIF channel. Whenever the receiver is ready for the next symbl, the simulator finds the

next tone to be transmiued and passes it through the FSK modulator, the HF channel, and the FSK

demodulator, and delivers the rcsult to the receive FEC module.

The modules of the simulator package are presented in the following order: first we discuss the

operation and data structures of the transmit side. Then, following the data flow, we discuss the

receiving FEC module and finally the receiving ALE protocol module. Some example results are

presented next, followed by listings of the code in an Appendix (including the ALE modem and FIF

channel simulators, for reference).
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2 SIMI.JLATED TRANSMISSIONS

The simulation of ALE transmissions occurs in two phases:

l. precomputation of the frames to be transmitted, and creation of a data structure which
supports efficient retrieval of the precomputed symbols (handshake creation)

2. retrieval of the symbols, including modulation of the transmitted power level to reflect
periods when no transmitter is operating (handshake sequencing).

We fint discuss the data structure, followed by examination of the functions which create it and read ir
The heading for each function or data structure includes the file and page number of relevant C code.

Each simulated handshake consists of a sequence of ALE frames, one per transmission. Each frame
consists of several phases: for example, a scanning call contains a scanning call of length Tsc, a leading
call of length T1s, zero or more commands in a message section, and a frame termination of length Tr.
The frames data structure shown in Figure 2 parallels this hierarchical structure.

Each phase of a frame is represented by a wordRec, a structure having the four fields shown in
Figure 2: a next field which points to the WordRec for the next phase, a Repetitions field which
indicates the number of times the ALE word for that phase is to be rcpeated on the air, a word field
which points to a pre-encoded array of 49 symbols for the associated ALE word, and a TxleveI field
which sets the SNR of that word. In Figure 2, we see a simplifred version of a scanning call, with
Tsc = 20 Tru, Tlrc=2 Tr.,rr, and Tx = I Trrv. Note that pre-encoded words, and even WordRecs, may be

shared among frames. For example, the acknowledgement in this handshake (frame 2) can reuse thc T16

and T1 from the scanning call, as shown. The other variables shown are discussed later.

frames next ts Word TxleveL

TO SAII

TIS JOE

0

1

2

3

4

...n

CurrFrame CurrWordRec WordsToGo

25

Txw Symlndex

Figure 2: Framcs Data Structurc
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2.2 Handshake Creation

Creation of the pre-encoded ALE words used in the frames described above is accomplished by the Tx

function. Given a24-bitALE word and a pointer to an array of 49 bytes where the tones produced are to

be stored, Tx encodes the two halves of the ALE word to produce two 24-bit Golay words in G[0] and

G[l], interleaves these Golay words and adds a stuff bit for tone diversity to produce a 49-bit word, and

stores the 49-bit word three times as 49 three-bit symbols in the Txw array. (If the pointer Txw passed

to Tx is NULL, a 49-byte array is allocated).

Two Golay encode routines are used. The first, Golay (in f ec. c; see pageL-2l), breaks the 24-bit

ALE word into two l2-bit halves, and calls encode (in grolay. c; see pagel-26) to process each half.

encode directly uses the generaror matrix for the (24,12,3) code to produce a24-bit Golay code word

for each l2-bit argument presented in up to 12 steps (one for each I bit in the argument). A table look-

up could achieve the encoding in one step, but time is not critical on the transmit side of the simulator

because each word is only encoded once.

Creation of the word records used in the frames data structure is performed by MakeWord. MakeWord

is given a pointer to a 49-byte array produced by Tx, a repetition count to tle used, and the address of the

point"r to a WordRec which is to receive the address of the new WordRec. A WordRec is allocated, and

the Word and Repetitions fields are filled in from the arguments. The value of Txlevel set by GetParms

(in a1e . c; see page I-13) is assigned to every WordRec created; if necessary, this value may be

modified by the routine calling MakeWord.

The simulated network is created by SetUpNet, which clears the address data base, inserts a collection of

self, net, and other addresses into the address data base, and then links some stations into nets. The

address data base is described in 4.1.1.

An individual call consists of three frames: a call, a response, and an acknowledgement.

SetUplndivCall creates the four ALE words (TO SAM, TIS JOE, TO JOE, and TIS SAM) needed,

along with LQA and AMD words if requested by the user (see GetParms in aIe. c; Page L-l3). These

Tx words are then passed to MakeWord to create the three frames. If LQA is enabled, the LQA

command will always carry a CMD preamble. If an AMD message is to be sent (in the

acknowledgement), the first word will carry a CMD preamble unless it is preceded by an LQA

command, in which case it will start with a REP preamble. The following words alternate between

DATA and REP in either case.
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The first phase of the response and acknowledgement is the portion of the turnaround time between

the last word wait time (f1yyy) and the beginning of the transmission of the frame, and contains one

word of noise. A random amount of this word is actually used in the simulation.

SetUpSound creates the single frame needed for a sound. tf it is desired to simulate only sounds, this

function is sufficient as written. If sounds are to be interspersed with other calls, an anchor for this

frame other than frame [ 0 ] must be used, and the handshake sequencing functions must b redirected

to this alternate frame as required.

The net call of FED-STD-1045 differs from the individual call principally in the use of slotted

responses. The net call simulation includes a call to the net from the NCS, followed by a response from

the first self address found in the called net, and concluded with an acknowledgement to the net from the

NCS. The simulated net is determined entirely by the code in SetUpNet: the net members are assigned

slots in the order that they are added to the net. SetupNetCall searches the list of net members to find

the first self ad&ess, and sets the slot number for the response to that slot. The timing parameters are

computed in a fashion similar to that required in an actual ALE controller.

The period for slotted responses is filled with noise, except for the actual response. This provides

ample opportunity for the odd sound, etc.

If LQA is enabled, the NCS will request LQA from the net members. The response will report the

LQA measured by the respondent from the net call. The acknowledgement will not contain an LQA

report. Therefore, the AMD message, if present, will always sttxrt with a CMD preamble.

2.3 Handshake Sequencing

The handshake sequencing functions are concerned with simulating the delivery of symbols to the

transmitting modem in the order that an ALE controller would produce. The variables shown at the

bottom of Figure 2 may be viewed as the state variables of thc transmitting state machine: CurrFrame
indexes the f rames array; CurrWordRec points to the WordRec for the current phase; WordsToGo

counts the repetitions of the ALE word for that phase; txw points to the array of symbols for that word,

and Symrndex counts through the symbols in the array.

The "front end" of the symbol sequencer is NextSym, which finds the next symbl to be sent, and

retuns the result of passing this symbol through the modem and the HF channel. Most of the time, the

next symbol is simply the next symbol in the Txw array. When Symlndex increments past the end of
the array, NextSym determines whether to repeat the current word, go on to the next phase, or simply

send noise (when the frame is complete).

NextSym also maintains the real time in the simulator by counting the symbols sent in BaudCount.
This variable is cleared by StartHandshake, and used to find the end of the slotted response period in a
net call.
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The sharecpu function should be redefined in locatdef . h to whatever operating system call is

needed to support multitasking or background processing in the host environmenl For Unix systems, no

call is needed and shareCpU should be redefined to the null statement. For the Macintosh OS under

System 6.0.x, an approach using WaitNextEvent will permit background processing; under System 7, no

call should be needed. A more complicated approach would be needed to implement background

processing under MS-DOS.

NextTxWord is called to update the transmitter state variables after CurrWordRec is changed.

NoiseWord is called instead of NextTxWord when the frame has been concluded and the channel is to

carry only noise. WordsToGo is set to -1, which should not decrement to 0 before the receiver stops

listening.

StartHandshake resets the transmitter state variables to begin a new handshake. CurChan is set to a

random channel so that a scanning receiver arrives on channel with random word phase (see scan in

ale . c. page L-6).

NextFrame sequences the transmitter state variables to the next frame, and selects a random turnaround

time (less Tr**) between one and two T*.
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3 RECETVE FEC SIMUT.ATOR

The receive FEC module maintains three buffers: a.49-symbol shift register (SRl) that holds the last 49

received symbols for majoriry voting (a shorter shift register could be used at the expense of slower

operation), a lGentry circular buffer (ubuffer) that's used to stor€ the counts of unanimous votes in the

last 16 symbols output from the majority voter, and a pair of shift registcrs (g1 and 92) that hold the

deinterleaved outputs of the majority voting process.

? 7 initRxF'trC fer-. r- fi.-)?\

The initRxFEC function is called to simulate the initial processing performed when a receiver lands on a

channel carrying ALE signalling: the buffers are cleared and the first 48 symbols received from the

modem (i.e., via NextSym) are processed through the majority voting block to produce 16 majority

symbols (a8 bits) and a count of unanimous votes in the first 48 bits. No evaluation is made of this data

in initRxFEC.
The dwell argument passed to initRxFEC specifies how many symbols may be processed in

attempring to achieve WordSync. The static variable SymbolsToGo is left equal to dwell - 48. Word

sync has not been achieved yet, so the Sync flag is cleared.

RXFEC performs majority voting, deinterleaving, and Golay decoding of received symbols. The actions

performed by RxFEC depend upon the state of the Sync flag: if set, word sync is assumed and RxFEC

simply processes the next 49 symbols into the buffers and returns the result of Golay decoding the 48

bits produced by majority vote, discarding the stuffbit (returning -l if Golay decoding fails).

If the Sync flag is cleared, RxFEC enters word sync acquisition mode. After each received symbol

is shifted into the buffers, the Golay decoder if fed the most recent 48 majority bits; if the both Golay

words are corectable and the unanimous votes for those bits exceeds the unanimous vote threshold, the

decoded candidate ALE word is returned, and the Sync flag is speculatively set. Otherwise, the next

symbol is shifted in, until the SymbolsToGo count expires.

Both majoriry voting and unanimous vote counting employ a fast table-lookup technique: the three

symbols involved are concatenated to form a 9-bit index, which is used to find a pre-computed majority

symbol and count of unanimous votes.

Two Golay decode routines are used. The first, DeGolay (in f ec. c; see pageL-2l), takes two 24-bit
Golay words and the desired error-correcting power, and calls decode (in goIay. c; see pageL-26'Sto
process each Golay word. decode implements a modified version of the decoder specified in an earlier

report, an returns either the corrected 12 information bits of its argument, or -l if an uncolrectable error

was detected. If either decode fails, DeGolay returns -1.
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4 N-EPROTOCOL SIMULATOR

4.1 Data Structures

4 1.1 Memorv Data c [-15)

The address memory data base incorporates the relationships among self, net and other addresses in a

single data structure, as shown in Figure 3. This data base is organized as a hash-indexed array of lists

of address records, with net structure encoded using independent sets of pointers.

Addresses in the simulator are limited to one ALE word, which can hold three 7-bit characters, or 21

bits. Each address record includes six fields: name, which holds a 2l-bil address; the index into the

LeA matrix for that nirme; the class of the name (SELF, NET, or OTFIER); a member pointer, which

points to the next net member in sequence (the first nct member if the record is a net address); a net
pointer, which polnts to the address record of the net to which name belongs; and a next pointer, which

links address records into a list within each hash bin.

AddrMemory next net member s index

0

1

2

3

4

L4

15

Figure 3: Address Memory Data Structure

In searching for an address in the data base, the address sought is hashed rivially by using the four lsbs

of the 2l-bit address as an index into the AddrMemory array of pointers to address records. Within each

bin, address records are listed in increasing order of name.

In the Figure, SAM is a self address, JOE is an other address, and NET is a net address. Both JOE

and SAM are members of NET. JOE will respond in slot I and SAM will respond in slot 2-

4.1.2 LOA atnx MCSSA - c [-18)

The LeA matrix stores the most recent BER data for each address listed in the address data base. Each

entry contains two fields: one for the BER measured on the last frame rerceived from the addressee, and

one for ttre last BER rcported by that addressee from its measurement of our own transmissions.
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4.2 Simulated ALE Receiver

4.2.1 RXALE a1e - e. fi-12\

RxALE is called by the main simulator loop to simulate an ALE controller entering the available state.

It attempts to handle whatever it finds on the active channel, and counts the links that it has achieved-

StopScan scans to the active channel and tries to achieve word sync. If it reads a TO word, it looks up

the address contained in the TO word and returns a pointer to the address record to RxALE. If it gets a

TIS or TWAS word instcad, it calls L,ogSound. Otherwise, it continues to scan and try to read a word

until the transmission ceases. The variable retries counts the numbcr of times StopScan has returned

to scan and anempted to re-acquire the signal. When scanning at 5 channels/sec, it is sometimes

possible to achieve word sync in T56 after 3 retries.

4.2.3 RcvCall ale. c fl-8)

RcvCall follows the rcmainder of a call after StopScan has found a valid individual or net call. Up to 3

words can be lost during Tss. If a message section starts, FinishMessage is called to process the

commands. Either a TIS or a TWAS conclusion prompts the storage of the measured BER value. If a
TIS conclusion is rcceived, the call is successfully completed, and a pointer to the address record of the

caller is returned after T1ry* expires.

4-2-4 Handshake ale - e fi-9)

The Handshake function is given a pointer to the address record of the expected TO addressee. If it
achieves word sync, it calls LogSound for a TIS or TWAS preamble, or checks the addresscc in the case

of a TO preamble. If the addressee is correct, the second word received is compared to the first (it must

march, because we should be in Tb). Furttrer repetitions of the TO word are permitted, although this

may be disablcd simply. Messages and termination are handled as in RcvCal[.

If an LQA command is to be included in the frame, the appropriate word is computed by
MakelQAword and placed in LQAword, which was linked into the appropriate f;rames when the frarnes

were set up.

4.2--5 SlottedReso ale. c fl-10)

initRxFEC is invoked with a dwell time equal to lhe entire period reserved for slotted responses.

WordSync is called repeatedly until the slotted response time expires; each transmission received is

processed similarly to the Handshake discussion above, with the following exceptions:

. C:lling cycles longer than2 Tr* are rejected.

. Rejected receptions do not abort the entire handshake.

Note that WordSync is expected to fail at the end of the slotted response period so that the handshake

can continue.
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The active channel is channel 0. Scan leaves CurrChan and dwells the specified DwellTime on each

channel until it reaches channel 0.

WordSync calls RxFEC to achievc FEC-level synchronization (i.e., unanimous vote threshold and

successful Golay dccodes). If RXFEC doesn't report failtre (-l), WordSync checks for three ASC[-38
characters and a valid preamble (TO, TIS, or TWAS for this simulation). If RxFEC delivered a

candidate which failed these tests, the Sync flag is cteared and RxFEC is re-invoked to continue seeking

word sync until the dwell time set in initRxFEC expires.

If word sync is achieved, WordCount and TotalUcount are initializelfot accumulation of the total

number of words and the total number of unanimous votes in the framc. These are used upon successful

conclusion of the frame to compute the pseudo BER.

4.3.3 ASCTI a1e. c fi-2\

ASCtr_OK uses an ASCIT_SeI table to find the mostrcstrictive ASCII subset to which each of the three

characters passed to it belongs. If all three characters are in the set specified by the set argument, the

word is returned unchanged. Otherwise,0 is returned.

4.3.4 PreambleOK ale. c AA\

PreambleOK uses a boolcan table indexed by prcamble to determine whether the preamble received is

acceptable during word sync acquisition. TO is valid for individual and net calls; TIS and TWAS are

valid for sounds. TIIRU, DATA, and REP would be valid if group calls (all three) or multi-word
addresses (DATA and REP) were supported in the simulator (they're not).

4.?.5 NextWord ale- e. fi-2\

NextWord is called after word sync is achieved to return the next ALE word received. After calling

RXFEC, NextWord accumulates unanimous vote statistics and returns the received word. If RxFEC

reported failure (bad Golay decodes), no unanimous votes are recorded for the word.

4-?-6 InsSound ale-e fl.(5)

LogSound comparcs the next word to the last, and prints a "sound" message if they match. Storing the

BER measured from a sound is not implemented, but it would be straighforward to do so.

4.3.7 IenoreFrame- nsmlsslons aIe - c 0.-{)

IgnoreFrame is called to pull the rest of an aborted frame through the IIF channel, so that the same

sequencc of random numbers is used whether or not links succeed. FinishTransmissions pulls oII
remaining franres through the channel when an entire handshakc is aborted.

10
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4.4 Address Management

4.4.2 InsertAddr addr. c [-16)

4 4 4 FindAddr addr. c [-15)

An AddrMemory bin is found by hashing the name sought. The linked list in that bin is searched for a

name match.

Given a pointer to an address record, these functions return TRUE if the designated address record is of
class SELF, OTIIER, or NET, respectively.

4 4 6 AddrStrins addr - c [-15)

AddrString converts a 2l-bit address into a NUlL-terminated character string. It returns a pointer to a
private long, which is assumed to be 4 bytes. Because new storage is not allocated for each string

returned, the result of the function should be presumed to have an ephemeral life, and is best used for
printfs and similar purposes.

4.4.7 ThreeChar. AMDchar addr. c fl-15)

These functions are the inverse of AddrString: they convert a character string argument into a 21-bit
address word. ThreeChar pads on the right with @' (as specified for addresses), while AMDchar pads

on the right with spaces (as specified for AMD). These help to create ALE words from user-specified
character strings at run time.

The contents of non-empty bins are listed, including the class and LQA matrix index of each record, and

the name of the net to which each belongs, if any. Each net address is followed by a list of the net

members, in slot order.

1l

4.4.1 initAddrMemory addr-c fl.-15)

The AddrMemory bins are all set to NULL pointers.

The appropriate AddrMemory bin is searched for the name to be inserted. If it isn't found, a new address

record is created and inserted into the list in that bin.

4.4.3 AddM"*b", addr. c fl-16)

Adds a new member to a net at the end of the list of members for that net. Slot numbers are implicitly
assigned by the position of each address record in the list of net members. An address record can belong

to at most one net.

E

r 4 4 5 SelfAddr OtherAddr. and Ne-tAddr a1e-e fl-ll)

4.4.8 PrintAddrMemory addr. c fl-17)
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4.5 Message Handling

4.5.1 matrix MESSA - r: (-18)

All entries arc ser to NoReport (MP = 111; SINAD = lllll; BER = l1lll). A character array is also

allocated for LQAword, which may be pointed to by several WordRecs. LQAword must h filled with a

current LQA command before each use.

4.5.2 word MCSSA : c fl-18)

MakeleAword creates a pre-computed LQA command in LQAword. The following algorithm is

followed to determine the contents of the command:

1. The preamble is always CMD, and the first character is always'a' (i.e., an LQA command).

2. If no destination is specified, the command will be an LQA request, with no LQA report.

3. If a destination is specified,

a- If an LQA report was requested, the most recent MEASURED LQA value for that

station is reported.

b. If an LQA report has not been received recently from that station, an LQA report is

requested.

4.s.3 ge nte.Ssaoe. c 0,-19)

FinishMessage continuously reads words until it receivcs a frame conclusion or the message section

protocol is violated. AMD words are displayed as received. LQA reports are stored in a variable

LQAreported until the sender of the report is knowir (after frame conclusion). Other commands are

ignored, and are assumed to be one-word commands (alternating CMD and REP preambles).

4-5.4 StoreBER me sacre - e fl-20)

StoreBER is called when a frame is concluded. The PBER for the concluded frame is calculated and

stored in the LQA matrix location assigned to the address received in the terminating word as a

MEASURED value. If a value is found in LQAreported, it is stored as a REPORTED value for the

same address, and LQAreported is reset to NoReport.

4.5 5 DisnlavA me qacre - r: fl-l8)

The three characters contained in the argument word are converted to a character string and displayed.

Words with uncorrectable errors (i.e., word = -l) are displayed as *** (no "block" character is available

on many displays).
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4.6 ALE Simulator

4.6-l GetParms a1e- e. fi-14\

Five parameters are required to specify the simulation to be run: multipath delay, fading frequency

spread, and SNR; and the number and type of handshakes to simulate. In systems supporting command

line arguments, these may be entered on the command line. GetParms prompts for any parameters not

specified as command line arguments.

The following global variables are set by GetParms: the flags NetCalls, LQA, and AMD; Siglev
and Txl-evel; and DlyTime. The main routine passes a pointer to attempts so that GetParms can set

the number of links to be attempted.

The main routine initializes the various modules, times the simulation, and launches the requested

number of simulated handshakes. The transmission is initiated via StartFlandshake; then RxALE is

called to start the receiver.

t3
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5 EXAMPLE RESULTS

5.1 Verbose Output

Both the FEC and ALE simulators contain sections of code which are conditionally compiled depending

upon whether the flag VERBOSE is defined or undefined at compile time. If VERBOSE is defined, the

detailed operation of the simulator is described on the standard output. Three different combinations of
this flag are useful:

. VERBOSE undefined for both modules - produces a compact output suitable for

observing long simulations; a period is printed for a successful link, and an asterisk for a

linking failure. The standard makefile produces this combination, and the executable file is

named aIe.
. VERBOSE defined in the ALE simulator but undefined in the FEC module - describes

the events at the ALE protocol level. The makefile monitor produces this combination,

and names the executable file monale.

. VERBOSE defined in both modules - prints a line of output each time the Golay decoder

is called; these lines are interspersed among the ALE protocol outputs. The makefile

verbose produces this combination, and names the executable file va1e.

If thc host svstem doesn't support command line definition of such flags, VERBOSE may be defined or

undefined explicitly in the rcspective files a1e. c and fec. c.
Listings for three situations are on the following pages:

. Monale output for a poor channel, 6 dB SNR, showing an individual call (no LQA or

AMD).

. Monale output for a poor channel, 3 dB SNR, showing a net call with LQA and AMD.

. VaIe output for a good channel, 6 dB SNR, showing an individual call (no LQA or AMD).

The command line arguments to all three programs are as follows:

. Multipath delay in ms.

. Fading frequency spread in Hz.

. SNR in dB.

. Number of handshakes to simulate

Type of handshake:

0: Individual calls, no LQA or AMD
l: Net calls, no LQA or AMD
2: Individual calls with LQA
3: Net calls with LQA
4: Individual calls with AMD in the acknowledgement

5: Net calls with AMD in the acknowledgement
6: Individual calls with LQA and AMD
7: Net calls with LQA and AMD

t4
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tmonale226]-0

Individual Calls
Delay : 2.0000 ms, Signal Levef - 1.9953
Doppler spread - 2.0000 Hz; Run length - 1

Inserting 5150315 (SAll) in
Inserting 4523705 (JOE) in
rnserting 5020315 (PAl4) in
Inserting 4663705 (MOE) in
rnserting 5120315 (RAM) in
Inserting 472L324 (NET) in
Inserting 4720723 (NCS) in
Inserting 5221304 (TED) in
Adding member trJOEtt to net
Adding member 'PA![' to net
Adding member .SAM. to net
Adding member rRAr4r to net

bin 13
bin 5
bin 13
bin 5
bIN J.J
bin 4
bin 3
bin 4
.NET'
rtNETI
*NETN
.'NETtr

Non-empty bins of Address Memory

3 (NCSr 21 6)

4
(TED, 2, 7l

5 (JOE, 2, 1) <in net NET>
(MOE, 0, 3)

13 (PAI.{, 2, 2t
(P.AM, 2, 4l
(SAI.{,0,0)

(in net NET>
<in net NET>
<in net NET>

Scanning
Looking for word sync....

tu<FEC returns 25160315
Finishing calling cyc1e.. ..

PBER : 4

ASCIT OK preamble OK TO SAI{

Storing PBER val-ues for JOE. Measured: 4, Reported: 31 OTHER address
(JOE)

Next frame. - -
Looking for word sync....

tu FEC returna 24523705 ASCII_OK preamble OK
PBER : 8

Storing PBER values for SAM. Measured: 8, Reported:

TO JOE

31

TO SAM

31

Next frame...
Looking for word sync....

RXFEC returns 25160315 ASCfI OK
PBER - 5
Storing PBER values f or .fOE. lleasured

preamble OK

i 6, Reported

Linked with JOE
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tmonale223l'l

Net calls with LQA and AI'ID

Delay : 2.0000 ms, Signa1 LeveL : L'4L25
Doppler spread - 2.0000 Hzi Run lengrth : 1

Inserting 5160315 (SA!1) in
Inserting 4523705 (JoE) in
InserLing 5020315 (PAM) in
Inserting 4653?05 (MOE) in
Inserting 5120315 (RAM) in
Inserting 4121324 (NET) in
Inserting 4720723 (NCS) in
Inserting 522L304 (TED) in
Adding member 'JOE' to net
Adding member 'PAlIil to net
Adding member 'SAl1l' to net
Adding member ,RAM' to net

bin 13
bin 5
bin 13
bin 5
bin 13
bin 4

bin 3
bin 4

"NET'
t.NET(

"NET'
.'NET(

Non-empty bins of Address Memory
3 (NCS,
4 (NET,

(TED,
5 (JOE,

(MOE,
13 (PAI'{,

(RA.t{,
( sAl'!,

<in net NET)

(in net NET)
<in net NET)
<in net NET>

ASCII OK preamble OK TO NET

216
L. 5
217
2, 1

0, 3
212
214
0, o

SA!1 witl respond in slot 3.
4 slots tot,a1 (excl. slot 0)

L0Arrord = 56077777
Scanning
Looking for word sync....

R:<FEC returns 24721324
Finishing calling cyc1e....

Message(s) : LQA request
PBER = 7
Storing PBER values for NCS. Measured: 7 ' Reported: 31 OTHER address (NCS)

Slotted Responses. . .
(requesting LQA report) (tQA was reguested) LQaword = 65060007
Looking for word sync....

RXFEC returns 24720723 ASCIf OK preamble OK TO NCS

Message(s): LQa = Z

PBER - 7

Storing PBER values for SAI1. Measured: 7 ' Reported: 7 Response from SA!1

Looking for word slmc....$IordSync failed-
(WordSinc is expected to fail after the last slotted response.)
Responses = 1

Next frame...
(requesting LOA report) (LQA waS requested) LQAword = 66077771
Looking for word sync....

tu<FEC returns 2472L324 ASCII-OK preamble OK TO NET

Message (s) : AIID message "GooD woRK"
PBER = 5
Storing PBER values for NCS. Measured: 5' Reported: 31

Linked with NCS

16
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t vale .5 .1 5 1 0

Individual Calls
Delay = 0.5000 ms, Signal Level : 1.9953
Doppler sPread = 0.1000 Hzi Run J-ength = 1

Inserting 5160315 (SAM)

Inserting 4523705 (JoE)
Inserting 5020315 (PAl{)
Inserting 4563705 (MOE)

rnserting 5120315 (RAM)

Inserting 4721324 (NET)
Inserting 4720723 (NCS)
Inserting 5221304 (TED)
Adding member "JOE" to
Adding member "PAl'!" to
Adding member "SA!1" to
Adding member "RAM" to

tn bin
bin
bin
bin
bin
bin
bin

13
5
13
5
13
4

3
4
I

tl

an
IN
Ln
an
l-n
in
in

nets
net
net
net

bin
"NET
.NET
.NET.
..NETN

Non-empty bins of Address Memory

3 (NCS,2,6)

4
(TED, 2, 'l'l,

5 (.rOE, 2, 1) (in net NET)
(MOE, 0, 3)

13 (PAI.{, 2. 2l (in net NET>
(P"AM, 2, 4) <in net NET)
(SAI.{, 0, 0) <in net NET>

Inputs to Golay: 00002515 00000315
New Tx word 25150315 at 17d68
Inputs to Golay: 00005452 00003705
New Tx word 54523705 at 17da8
Inputs to Golay: 00002452 00003705
New Tx word 24523705 at 17de8
Inputs to Go1ay: 00005516 00000315
New Tx word 55150315 at 17e28
Inputs to Golay: 00005435 00003717
New Tx word 64363717 at 17e58
Inputs to Golay: 00000421- 00000127
New Tx word 04210L27 at 17ea8
Inputs to Golay: 00007476 00004513
New Tx word 74754513 at 17ee8
Scanning
Looking for word sync....

13140315 17342542
767L2472 546063L2
31403153 73455426
57t24722 46013120
1403153? 34524264
7L247226 50141201
40315375 45232545
L2472253 01462010
031537s5 523s6463
24722630 14650106
31537552 235t4637
47226300 46571055
15375625 35135374
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72263006 551 60553
53?56251 51313745
22630063 57576s30
375525L5 L3L47462
25300632 76715305
75625L64 3L404624
63006327 5?12305s
562s1545 t4036240
30063277 7124055t
625t6454 403L2402
00632773 t2475514
25L54546 03154021

RxFEc returns 25160315
Finishing calling cYcle.. . .

25164546 03154021
25L64546 03154021.
25L64545 03154021
2s]-64546 03154021
2st64s46 03154021
2st64546 031s4021
25154546 03154021
25L64546 03154021
25L54545 03154021
2sL64546 03154021
25164546 03154021
27L60546 03154021
2st64545 03154023
25L64545 03154021
2s154506 03154061
25L44546 03154021
25L64546 03154021
25L64546 03154021
25154504 03154021
25564746 03L5422L
54L27210 3?051542

PBER - 7

Next frame...
Looking for word

344360s6
12562535
44360562
2s5253s6
43605622
5 625356 1

360s622t
52535510
605622L2
25356107
0s622L24
53s51 07 6
5622t245
3s5107 61
622L2452
5 6107 6 13
22L24527
5107 6134
2L245273
107 6134 4

L2452734
.07 6134 45

sync....
4s27 552L
62t77506
527L52L0
21705066
27L22L47
t7 020667
7L25t073
7 027 6672
L2560734
027L5725
25677340
27tt't255
567 03 4 07
711.02552
67044072
11055524
7 04307 2t
t0525242
o437't2t5
0522242L
437 02 155
522542L6

25160315 Ucount = 37
ASCII_OK Preamble OK TO SAI!

251 50 3 15
25 1 50315
2s160315
25160315
2 51 603 15
25160315
2 5 r.60 315
2 s 1 60315
25160315
25160315
2 516 0 315
2s150315
25160315
25160315
25150315
25 1 603 15
2 51 603 1s
2 51 503 1s
2 51 50 31s
2 51 60315
s4523705

Ucount
Ucount
Ucount
Ucount
Ucount
Ucount
Ucount
Ucount
Ucount
Ucount
Ucount
Ucount
Ucount
Ucount
Ucount
Ucount
Ucount
Ucount
Ucount
Ucount
Ucount

:40
:40
=45

47
44
43
48
45
47
46
4t
31
41
39
39
36
45
43
39
34
35

=

Storing PBER values for JOE. Measured:.7, Reported: 31 OTHER addreas ("OE)
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24527342 3?051552 24523705 Ucount : 42
RxFEC returns 24523705 ASCIf-OK preamble OK

24527342 37051542 24523705 Ucount : 42
551604?4 03154021 55160315 Ucount - 48

PBER - 4
Storing PBER values for SAtt. Measured: 4, Reported:

Next frane...
Looking for word sync....

767L2412 446063t2
11403153 73455426
61L24722 46013120
14031537 34524264
7L247226 60141201
40315375 45232646
L2472263 01462010
031s37s6 523s6463
24722630 14650106
31s37552 235L4637
41226300 46571065
15375625 35135374
72263006 6s7606s3
53755251 51313746
22630063 s7676s30
37562516 L3t47452
26300632 76715305
75525L64 3L404624
63006327 671230s5
56251645 14036240
30063277 71240551-
625L6454 403L2402
00632773 L24155L4
25L64546 03154021 25150315 Ucount : 48

R <FEC returns 25160315 ASCII_OK preamble OK
25L64546 0315t1021 25160315 Ucount = 48
54523270 3705L542 54523705 Ucount = 48

PBER - 0
Storing PBER values for .IOE. Measured: 0, Reported:

Linked r{ith JOE

TO JOE

31

TO SAI.{

31
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5.2 Comparison to POC'40

The data plotted in the following figures was generated using individual calls, no LQA or AMD, and

scanning 5 channels per second. As can be seen, the simulator produces results similar to those obtained

in the pOC'90 tests. The better performance of the simulated radio for the Gaussian and poor channels

may be due to the ability of the simulated radio to try to achieve word sync up to four times during Ts6.

Slmulatlon vs. P0C 90 (6ausslan Channel)
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ALE Simulator

/* ale.c
/*

ale.c

*define GOLAY_SCAI{
*define GOLAY_RIN
/**define wPsoss*/

#include 'hfdef.h"
#include <stdio.h>
#include <math.h>

#include 'hflib.h"
#include 'ALEmodem.h"
#include 'ALEwords .h'
#include 'fec.h"

static char *Txw;
static int CurrFrame,

WordsToGo,
SymIndex,'

*define NumChan 10
*define DwellTime 0.2

eej 8/ 4/9t
simulator for FED-STD-1045 ALE

1
3

/*
/r<

tone-level HF propagation simulator
ALE modem simulator

*/
*/

/'t< constants defined; flags for other header files */

*/
*/

/* FEC routines */

/************************ ALE Handshake CreatiOn ************************/

struct, wordRec (

struct WordRec *next,'
int RePetitions;
char *Word;
float TxLeveI;

l;

*define llaxFrames 5

static struct WordRec *f rames []laxEramesl ,'

static short NetCalls, /* O fox indiv, 1 for net */
LQA = 0, /* Use LQA? */
Al.tD - 0; /* Use A!'ID? */

static char *LQAword; /* scratchpad for current LQA word */
static int Validrrames,'
static long WordCount, Tota1ucount,' /* used for PBER measuremenL */

static struct WordRec *CurrWordRec,' /* points to current WordRec. *,/

/1<

/*
/*
/*

points to current word.
which transmission?
counts down.
which symbol in word?

*/
*/
,./
*/

/*
/*

number of channels scanned r(/
time per channel in seconds */

static int CurrChan,. /* current receiver channel (Tx always on chan 0) */

struct wordRec *MakeWord(word, reps, WordRecPtrAddr)
char *wordi
int reps,'
struct WordRec **WordRecPtrAddr;
{

*WordRecptrAddr - (struct WordRec *) malloc (sizeof (struct WordRec) ),'
(*llordRecptrAddr)-)Txlevel = Txllevel; /* TxLevel is global */
(*WordRecPtrAddr) -)Word = word;
(*WordRecPtrAddr) ->Repetitions - repsi
(*WordRecptrAddr)-)next = (struct WordRec *) 0;
return *9[ordRecPtrAddr; /* return pointer to new t{ordRec *,/

)

L- I



ALE Simulator ale.b

long Nextwordo
{

long w : RxFEC(GOLAY_RUN);

WordCount**;
if (w !: -1) Totalucount *= Ucount;
return wi

#include TASCII Set.h'

#include 'addr. c'
#include 'messagte. c'

/* address memory data base and functions */
/* LQA matrix and message handling functions */

void SetUpNet o
t

initlQAmatrix ( ) ,'

initAddrMemory ( ) ;
InsertAddr (_SA!1, SELF) ,'

InsertAddr (_JOE, OTHER) ,'

InsertAddr (_PA!l, OTHER) ;
InsertAddr(_MOE, SELE) ;
InsertAddr (_RA!l, OTHER) ;
InsertAddr (_NET, NET) ,'

InsertAddr (_NCS, OTHER) ,'

InsertAddr(ThreeChar("TED"), OTHER); /* herets how to use other names */

AddMember (_NET, _JOE),
AddMember (_NET, _PA!l) ;
AddMember (_NET, _SAf'!) ;
AddMember (_NET, _RA!l) ;

*ifdef VEP8OSE
PrintAddrl'lemory ( ) ;

#endif
)

L-2

Iong ASCII_OK(w, set)
Iong w;
char set,'
t

if (ASCII_Set[w & 0177) >- set)
if (ASCII_Set[ (w >> 7) e 0177] )= set)

if (ASCII_SeI[(w >> 14) e 0177] >- set)
return w,'

return 0;
l

t



ALE Simulator ale.c

*

* only set up one of the

TO_SAI.{ = Tx(_TO+_SAI,1, (char *) 0);
TIS_JOE = Tx(_TIS+_JOE, (char *) 0);
TO_JOE - TX(_TO+_JOE, (char *) 0);
TIS_SAI.{ - Tx(_TIS+_SAI{, (char *1 0);
if (LQA)

AMD1 = Tx(_REp + A.tiDchar(.GOO.), (char *)
else AMD1 = Tx(_CMD + AllDchar('GOO'), (char *)
AMD2 - Tx(_DATA + AI{Dchar("D W'), (char *) 0);
AI,ID3 = Tx( REP + AMDchar('ORK"), (char *) 0),

f rames [ 0 ] = MakeWord (TO_SA!.{, 20 , &cursor) ;
cursor = MakeWord(TO_SAI.i, 2, cursor),'
if (LQA) cursor = Makeword(LQAword, 1, cursor),'
cursor = MakeWord(TIS JOE, L, cursor),'

frames [1] : I'lakeWord(TO_JOE, Lt &cursor) ;
cursor-)Txleve1 : 0.0, /',, part of awr */
cursor - MakeWord(TO_JOE, 2, cursor),'
if (LQA) cursor = MakeWord(LQAword, 1, cursor),'
cursor = MakeWord(TIS SAIyl, 1, cursor) ,'

frames[2] = MakeWord(TO_SAI.{, L, &cursor)i
cursor-)TxLevel = 0.0; /* part of lwr */
cursor = MakeWord(TO_SAI4, 2, cursor),.
if (LQA) cursor = MakeWord(LQAword, 1, cursor);
if (Ar.{D) {

cursor = MakeVilord(AI'{Dl, L, cursor),.
cursor = MakeWord(AtrD2, 1, .cursor),.
CurSOr = MakeWord(AI.iD3, L, Cursor) i

)
cursor - MakeWord(TIS JOE,1, cursor)i

VaLidFrames - 3;

void SetUpSoundo
{

static char *TIS_MOE,'
struct WordRec *cursor;

Tts_MoE = Tx(_TrS+_MoE, (char *) 0);

&cursor) ,'frames[0] = MakeWord(TIS MOE, 22,

ValidFrames = 1;

following: individuaf call *,/
net call * /
sound * /

*

void SetUprndivCall o
{

static char *TO_SA}.1, *TIS_JOE, *TO_JOE, *TIS_SA!,1, *AI{Dl, *A!{D2, *AMD3,

struct WordRec *cursor;

0); /* LQA will be Ctc. */
0);

/* CALL t</

/* RESP * /

/t AcK */

/ ). SCA}INING SOUND * /

)

L-3
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ALE Simulator

/* The following timing parameters are initialized by SetUpNetCalI */

/* defined in FED-STD-1045 */
/* number of slots */
(tones) in redundant word */

ale.b

static double Tw, Tsw,
static int NS;
#define Trw 49

Trdrn, Tswt i

/* synlcols

+ _NET, (char *1 0);
S + _NCS, (char *) 0);
+ _NCS, (char *) 0);
al{ochar ("GOO") , (char *) 0) ;

+ AMDchar("D W"), (char *) 0);
Al,lDchar('ORK'), (char *) 0);

*ifdef VERBOSE
printf("\nts will respond in slot td.", AddrString(memb-)n€rm€)r

*endif

void SetUpNetCaIlo
{

static char *TO-NET, *TIS-NCS,
struct WordRec *cursor,'
int slot,'
struct addr *memb, *net,'

*TO NCS, *response, *AI{D1, *AMD2, *AMD3i

slot);

/* count remaining net menbers */

NET CALL */

TO_NET : Tx (_TO
TIS_NCS = Tx (_TI
TO_NCS = Tx (_TO
AMD1 : Tx (_CMD +
AMD2 = Tx (_DATA
AMD3 = Tx (_REP +

/* Determine slot and address for response */
if (! (net - FindAddr(-NET))) {

printf ('\nfailed Eo find net ts\n', AddrString(-NET) ) ;
exit O ;

l
slot : 1;
if (memb = net->member) do { /* find first self address */

if ( (memb->class) -= SELF) break.'
slot++;

) while (memb = memb-)member);
if ( lmemb) {

printf('\nNo self addresses in net ts\n" Addrstring(_NET));
exit O ;

)
response - Tx(-TlS*memb-)name, (char *1 O), /* make resPonse ALE word */

NS : slot;
white (mernb = memb-)member) NS+*;

#ifdef VERBOSE
printf("\ntd slots total (excl. slot 0)\n', NS);

*endif

Tw - 49.0 / 3.0; /* word time in terms of symboJ. times */
Tsw = 14 * Tw,' /* slot width */
if (LQA) Tsw *: 3 * Tw,'
Twrn = (NS + 1) * Tsrdi /* total time for all slots (incl. slot 0) */
Tswt : slot * Tsw,' /* beginning of our slot */

frames[0] : MakeWord(To-NET, 20, &cursor); /*
cursor = l.lake$lord(TO_NET, 2, cursor),'
if (LOA) cursor = MakeWord(L0Aword, 1, cursor),'
cursor = MakeWord(TIS NCS, t, cursor),'

L-4



ALE Simulator

/t SIoTTED RESP */
framestll - MakeWord(TO_NCS, (int) (Tswt/49.0') * 1, &cursor);

cursor->TxLevel - 0.0; /* just noise in preceding slots */
cursor - MakeWord(TO_NCS, 2t cursor) i
if (tOA) cursor - Make$Iord(LQAword, 1, cursor) i
curaor - MakeWord(response, L, cursor) i
/* any remaining slots wl-ll autonratically be */
/* filled with noise words by Nextsym0. */

/* NET ACK */
framesl2T = MakeWord(TO_NET, L, &cursorli

cursor_>TxLevel - 0.0; /* NCS TXa */
cursor - MakeWord(TO_NET, 2. curgor),'
if (AI'{D) (

cursor - MakeWord(AI.iD1, Lt cursor) i
cursor - MakeWord(Al{D2, L. curgor) i
Cursor - MakeWord(A!{D3, L, cursor),'

l
cursor - MakeWord(TIS NCSr1, cursor),'

ValidFrames = 3;
)

/ * * r<'k.r. * * * * **tt ** *** * * * * * ALE Handshake seguencing **********************)./

void NextTxWordo
{

Txw - CurrWordRec-)Word,'
WordsToGo - CurrWordRec->Repetitions,'
Symlndex - 0,'
Siglev - CurrWordRec-)TxLevel;

1."
static char NoiseTones [49]

0r 0r 0r or o,

void NoiseWordo
{

Txw - NoiseTones,'
WordsToGo = -1i
Symfndex - 0;
Siglev : 0.0;

)

static long BaudCount; /* used to measure (simulated) real time */
/* cleared by StartHandshake */
/* incremented by NextSym */

char Nextsymtt /* returns next symbol received from modem */
{

shareCPUO,' /* o/S dependent routine for background processing */
Baudcount++,'
if (Symfndex >- 49) I /* start next redundant word ? */

Syzmlndex - 0;
if (! (--WordsToGo)) { /* time for a new word ? */

if (CurrWordRec)
if (Currt{ordRec = CurrllordRec-)next) NextTxwordO,
else NoiseWordO;

)

)
return (AlEmodem(Txw[S]rmfndex++l ) ),' /* NOte: POST-incremented! */

)

L-5
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ALE Simulator

void NextFrameo
t

CurrWordRec = frames [**CurrFrame] ;
if (CurrFrame )= ValidErames) {

printf ('\n\00?**** ERIIOR: ran out of frames !\n") ,' exit O ;

)
NextTxWordO;
Slrmlndex - 16 + Randlnt(17); /* Tiua between 1 and 2 Iw */

l

void StartHandshakeo
(

CurrWordRec - frames[CurrFrame - 0] ;
NextTxWord ( ) ,'

CurrChan - Randfnt(NumChan); /* sLart receiver at a random channel */
BaudCount - 0;

)

void Scano
{

register float dwell,'
#ifdef VERBOSE

printf ('\nScanning') ;
*endif

while (*+CurrChan ( NumChan) t
*ifdef VERBOSE

printf ('.') ;
*endif

for (dwell-0.O; dwe1l (- DwellTirne; dwell *- Ts)
NextstmO,

)
CurrChan - 0i

)

vOid lOgSOUnd(W) /************************* STUB ***************************/
Iong w;
{

if (NextWordQ -= w)
printf ("\nSound from \"ts\'\n', AddrString(w) ) ;

)

void lgnoreFrameo
{

int i;

ale.b

while (SigLev > 0.0) Nextsym0,
for (i=0,' L<49; i++) NextSym0,'

/* finish current frame */
/* Iet Tlww expixe */

void FinishTransmissions ( )

{
IgnoreFrame ( ) ;
while (CurrFrame < ValidFrames-l)

NextFrame ( ) ;
fgmoreFrame O ;

)

)

*define FAIL { EinishTransmissionso; return ((struct addr *) 0); }

L-6

/* go on to next frame */

l
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ALE Simulator ale.c

int PreambleOK(w)
long w;
{

static int PreambleMask[8] - {0, 0, l. Lr 0, Lr 0r 0};

if (w) {

*ifdef VERBOSE
printf ('ASCIf_OK ") ;

#endif
return PreambleMask[(w >> 2\l e 7);

)
return 0,'

)

long WordSynco
{

Iong w;

#ifdef VERBOSE
printf ('\nlooking for word sync. . . .') ;

#endif
while ((w=RxFEC(GOLAY_SCAN)) != -1) t /* keep trying until RXEEC gives up */

#ifdef VERBOSE
printf ("\n RrrFEC returns t081o n, w) ;

#endif
if (PreambleOK(ASCII_OK(w, ASCII_38) ) ) {

*ifdef VERBOSE
printf ("preambJ.e OK ') ;

*endif
WordCount : 1,'
TotalUcount = Ucount;
return (w) ,'

)

SYnc = 0,'
printf (" ! ") i

)

#ifdef VERBOSE
printf ("WordSync failed. \n") ;

#endif
return (-1); ,/* word sync failed */

)

long retries = 0,'

struct addr *StopScan o
{

long word, nafile..
if (LQA) !{akelQAword( (struct addr *) 0);
while (Sigr,ev) {

Scan O ;
initRrcFEC(2*Trw) ; /r, allow 2 lrw for word slmc */
if (((word - wordSyncQ) >> 2Ll =- TO) {

*ifdef \TERBOSE
printf("TO '1;

*endif
return E'indAddr (word) ;

)
if (word !- -t) { Logsound(word),. FArL }
retries++,'

l
FAIL

)

L-7
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#define Maxlostwords 3

struct addr'*RcvCaII (callee)
struct addr *cal}ee,'
{

int LostWords = 0, preamble, Ca}lingCycle : 1r i;
long word;

*ifdef VERBOSE
printf ("\nFinishing calli-ng cycle. - . . ") ;

*endif
while (CallingCyc1e) {

word - NextwordO,
if (word -- -1) {

if (++LostWords ) MaxlostWords)
FAIL

)
else {

LostWords - 0;
switch (preanble - (word >> 21) ) (

case Tf S : StoreBER (word) ,'

for (i:0; i<49,' i++) Nextsym0 ; /* let Tlww expire */
retsurn FindAddr(word) i /* conclusion: OK */

case TWAS: StoreBER(word) ;
/* doesntt count as a link */
FAIL

case TO: if ( (word & 077777771 !- callee-)name)
FAIL /* changed addressee */

break,' /* continue if same addressee */
case cMD: CallingCycle - 0; /* begin msg section */

break,'
default: EAIL /* reject all other preambles */

)

)

l
/* must be in message section if get here */
word - BinishMessage(word); /* give word to mesaage handler; Lt )'/
/* returns first non-message word. */
if (word -= -1) EAIL
switch (preamble - (word >> 21) ) {

case TIS: StoreBER(word) ;
for 1i-0; i<49,' i++) Nextsymo, /* LeE Tlww expite */
return FindAddr(word), /* conclusion: oK */

case TWAS: StoreBEn(word) ;
/* doesnrt count as a link */

default: FAIL /* reiecl all other preambles */
)

l

L-8
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struct addr *Handshake (otsher)
struct addr *other;
(

int preamble, CallingCycle = 1, i;
long wordl, uoxd2, word3;

*ifdef VERBOSE
printf ("\n\nNext frame. . . ") i

#endif
NextErame O ;

ale.c

if (LgAreguested) MakelQAword(other),' /* make LQA word using measured BER */

inittu<FEC (2*Trw) ;
if (((word1 - wordSynco) >> 2Ll != TO)

if (wordl != -1)
LogSound (word1) ,'

FAII,
l

#ifdef \TERBOSE
printf ('TO ts", AddrString (word1) ) ;

*endif
if ((wordl e 07717777, !: other->name)

I /* get first word of resp. */

FAIL /* urong addressee */

if ((word2 = Nextword0) !: wordl) /* get second word of resPonse... */
FArL /* FArL if it doesnrt match first */

while (CallingCycle ce ((word3 = Nextword0) !- -1)) {

/* the twhiler construction allows a longr calling cycle, */
/* e.9., for tune time *./
switch (preamble = (word3 >> 21) ) {

case TIS: StoreBER(word3),'
for (i:0; i<49; i++1 Nextsym0,' /* Let Tlww expire */
return FindAddr(word3) , /* conclusion: OK */

case TWAS: StoreBER(word3) ;
/* doesnrt count as a link */
EAIL

case TO: if ( (word3) != other-)name)
FAIL /* changed addressee */
break; /* continue if same addressee */

case CMD: CallingrCycle = 0;
break; /* go handle message */

default: FAIL /* reject afl other preambles */
)

)

,/* must be in message section if get here */

word3 = FinishMessage(word3); /* give word to message handler; iL */
. /* returns first non-message word. */

if (word3 == -1) FAfL
switch (preamble = (word3 >> 21) ) {

case TIS: StoreBER(word3) ;
for 1i=0; i<49,' i++) Nextslm0, /* Let Tlww expixe */
return PindAddr(word3); /* conclusion: OK */

case TSIAS : StoreBER (word3 ) ;
/* doesnrt count as a tink */

default: FAIL / * reject, all other preambles *,/
)

L-9
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*define NetMem(net, mem) (net == mem-)net)

int SlottedResp(net, caller)
struct addr *net, *caller,'

t
int preamble, CallingCyc1e = 1, L, responses - 0;
long word1, word2, word3, Startslots,

*ifdef VERBOSE
printf ('\n\nSlotted Responses. . .') ;

*endif
NextFrame ( ) ;

if (LQArequested) MakeLQAword(caller),' /* make LQA word using measured BER */

StartSfots - BaudCount;
inittu<FEC (Twrn) ,.

while (BaudCount ( Startslots * Twrn) {
if (((wordl - WordSlmc0) >> 21) !- TO) I /* wait for a response */

if (word1 -- -1) break;
Logsound (word1 ) ,'

IgmoreFrame ( ) ;
continue;

)
*ifdef VERBOSE

printf ( 'TO ts', AddrString (wordl) ) ,'

*endif
if ( (wordl & 077777771 !- ca1ler->name) {

IgnoreErame0; /* not a resPonse to net call */
continue;

)

if ( (word2 - Next$IordQ )

IgnoreErame O ;
continue;

)

if

!: wordl) I /* qetu second word of response...*/
/* FAIL if it doesnrt match first word */

*ifdef VERBOSE

*endif

(CallingCycle ee ( (word3 : NextwordO ) !: -1) ) (

/* ttots: calling cycle ) 2 Trw fails */
switch (preamble = (word3 >> 21) ) (

case TIS: StoreBER(word3) ;
for (i=0; i<49; i++) NextSymO,' /*
if (NetMem(net, FindAddr (word3) ) ) {

responses++,'

case TWAS

case TO:

case CMD:

default:

let Tlww expire *,/

printf ('Response from ts", AddrString(word3) ) ;

)
StoreBER (word3 ) ;
/* doesnrt count as a link */
IgmoreFrame O ;
break; /* wait for more resPonses */

IgnoreFrame O ;
break,' /* wait for more responses */
CallingCycle : 0;
break,' /* go handle message */
rgnoreFrame0; /* te)ect aL1 other preambles */

l

L- l0
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if (preamble =: CMD) (

word3 = FinishMessage(word3); /* give word to message handler; */
/* LL returns first non-message word.*/

if (word3 -= -1) IgnoreFrameO;
switch (preambte : (word3 >> 21) ) {

case TfS: StoreBER(word3),'
for 1i-0; i<49; i++) NextSym0,' /* let TIww expire */
if (NetMem(net, FindAddr(word3) ) ) {

responses++i
#ifdef VERBOSE

#endif
)

break;
case TWAS: StoreBER(word3) ;

/* doesnrt count as a link */
default: IgnoreErame O ;

l
)

)
*ifdef VERBOSE

printf('(WordSync is expected to fail after the last slotted resPonse.)-);
printf ('\nResPonses = td", resPonses) ;

*endif
return responses,'

)

int SelfAddr(a)
struct addr *a;
{

if (!a) return 0;
*ifdef VERBOSE

tf (a->class =- SELF)
print,f ('ts", AddrString (a->name) ) ;

*endif
return (a-)class =- SEI,F) i

)

int OtherAddr(a)
struct addr *a;
(

if (!a) return 0i
*ifdef VERBOSE

if (a-)class == OTHER)
printf ("oTHER address (*s)'r AddrString(a->name) ) ;

else printf ("not OTHER address'),'
*endif

return (a-)class -= OTHER) t
)

int NetAddr(a)
struct addr *ai
(

if (!a) return 0i
*ifdef VERBOSE

if (a-)c1ass -- NET)
printf ("ts", AddrString (a->name) ) ;

*endif
return (a-)class =- NET);

)

ale.c

printf ("Response from ts", AddrString(word3) ),'

L-n
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long links = 0i

void RTcALE ( )

{
struct addr *ca1lee, *calleri
int failed - 1;

if (SelfAddr(callee - StoPScanO)) {

if (otherAddr (caller = RcvCall (caIIee) ) )
if (Handshake (caller) := callee)

if (Handshake (callee) -- caller) (

links++;
failed - 0;

#ifdef VERBOSE
printf ('.\007\n\nlinked with ts" Addrstring(ca11er->name) ) ;
if (retries) printf(" after tld retries', retries);
printf ("\n') ;

if (retries) printf ('tld', retries) ;
else printf (".') ;

*endif
)

l
else if (NetAddr(callee)) {

if (OtherAddr(ca1ler - RcvCaII (callee) ) )
if (SlottedResp(ca1lee, caller) I /* callee = NET; caller - NCS */

if (ttandshake (caIlee) -- caller) (

links**,'
failed - 0,'

*ifdef VERBOSE
printf ('\007\n\nLinked with t3', AddrString(ca11er->name) ) ;
if (retries) printf(' after tld retries" retries);
prJ.ntf ('\n") ;

*eIse
if (retries) printf(ntldn, retries);
else printf('.");

*endif
l

l
else t

#ifdef VERBOSE

Printf (r*'r*r) i
#endif

FinishTransmissions ( ) ;
)

#ifdef VERBOSE
if (failed) print,f ("\nlink failed.') ;

#eIse
if (fatled) Printf ('*') ;

*endlf
retries - 0i

)

ale.c

#else

L- 12
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*define NetcallBit 1

#define LQAbit 2
*define AMDbit 4

void GetParms(argc, argv, attemPts) /* delay, spread, SNR, lengt'h */
int argc;
char **argv;
Iong *atterpts,
(

int SimSpecs,. /* bit 0 =) net,' else indiv bit 1 :> LQA bit 2 => AllD */
char ci

if (argc > 1) sscanf(argv[1], 'tIf', &DIyTime);
else {

printf('Enter multipath delay (ms): ");
scanf ("tlf', &DlyTime) ;

)
if largc > 2l sscanf (argv[Z], 'tlf', eFregSpread) ;
else {

printf('Enter Doppler spread (Hz): ');
scanf ('tlf', &FregSpread) ;

)
if (argc > 3) sscanf (argvt3], 'tlf ', &Sigl,ev) ,'

else {
printf('Enter SNR (dB): ")i
scanf ("tlf', &SigLev) ;

)
if(argc > 4) sscanf(argv[4],'tld', attempts),'
else {

printf("Number of links to atterPt: ');
scanf (rtldr, attempts) ;

l
if (argc > 5) sscanf (argv[5], 'td', &Simspecs) ,'

else {
printf ('Individual (i) or Net (n) calls? ") ;
do(

scanf ("tc", ec) ;
switch (c) t

case tIr:
case ri': SimSpecs - 0; break;
caae rNt:
case rnr: SimSpecs = 1,' breaki
default: if 1c )= I t ) printf ('\008") ,'

c : '\000';
)

) white (!c);
printf("Use tQA? (y or n): ");
do{

scanf (t'tct', ec) ;
swirch (c) {

case ryt: Simspecs l- LQAbit;
case Inr: break;
case tYr: Simspecs l= LQAbit;
caae tNt : break,'
default: if (c )= ' ') printf('\008");

c = '\000r,'
)

) while (!c);

L- 13
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printf ('Use A!lD?
do{

scanf ('tc',
switch (c) {

case rYr: SimSPecs l= AlIDbit;
case rnr: break,'
case rYt: SimSPecs l: AlIDbit;
case rNr: breaki
default: if (c )= ' ') Printf(r\008n);

l
) while (!c);

l
Netcalls = SirnSpecs & NetcallBit;
LQA : Simspecs c LQAbit,'
Al,lD = Simspecs e AMDbit;

ale.c

(y or n): ")i

ec) ;

c , \000 ',-

switch (Simspecs) I
case 0: printf("\nlndividual CaIIs"); break;
case 1: printf('\nNet Cafls"); break;
case 2: printf('\nrndividual Calls with LQA'); break;
case 3: printf ("\nNet Carls with LOA"); break,'
case 4: printf ('\nlndividual Calls with At'D'); break,'
case 5: printf ("\nNet Calls t{ith A}-D'); break,'
case 5: printf ("\nrndividual Calls with LQA and A!ID"); break,'
case ?: printf ('\nNet Ca11s with LQA and A!1D")i break,'
default: printf (tt\nBad combination of options.') ; exit 11 ;

)
SigLev = pow(10.0, SLgLev/2O.Ol;/* convert from dB to voltage ratio */
TxLeveI = Sigtev,'
printf('\nDelay - t?.4f ms, Signa1 Level - t8.4f', DlyTime, Sigl,ev);
printf("\nDoppler spread = t?.ALf Hzi Run length = t1d\n",

FreqSpread, *attemPts) ;
)

extern long time O ;

main(argc, argv)
int argc;
char **argv;

{
long attempts, i, StartTime, EndTime;

GetParms (argc, ar![v, &attempts),
rnitialize O ;
InitModemO ,'

SetupNet O ,
if (NetCalls) SetupNetcall ( ) ,'

else SetUplndivCall- ( ),'

StartTime = timel (Iong *) 0);
for (i-0; i(attempts; i++) {

*ifndef VERBOSE
if ( ! (it10) ) printf ('\n") ;

*endif
StartHandshake ( ) ;
RXALE ( ) ,

)
EndTi$e = time( (Iong *) 0);
printf ('\nP (link) - tIf \n', (double) links / attemPts) ,'

printf("\007Time per linking atterPt - *If seconds.\n",
(doubfe) (EndTime - StartTime) /attemPts),

)
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addr.c eej 8/4/91 1</

1045 simulator addr memory data base */

'addr.c

struct addr (

struct addr *next,
long name;
short class, index,'

*net, *member,'

t;
#define
#define
#define
*define
#define
#define

HashBins 15
Hashltask 0x0f
SELE O

NET 1

OTHER 2
MaxAddresses 20

static atruct addr *AddrMemory[HashBins),'
static int LQAindex - 0;

char *AddrString(w) /* returns a four-byte string containing the three */
tong w; /* ASCrr characters in the ALE word, followed by 0 */

{
static long Nameg{ord;

NameWord: ((w & 07?40000) << 10) I ((w e 03?500) << 9) I ((w e 0177) << 8);
return (char *) &NameWord;

Iong Threechar(s) /* returns an ALE word containing the first three *,/

char *s,' /* ASCII characters in the char string arg'ument */
I /* (pads with G characters if string too short) '</if (! (stOl e= 017?)) return ((long)'e' << 14) + ((J-ong) rG' << ?) + 'G';

else if (!(st1lc=01?7)) return ((Iong)s[0] << 14) + ((Iong)'0'<< 7) +'G'i
else if (!(st2le-01?7)) return ((long1stOl << 14) + ((Iong)s[1] << 7) +'0'i
else return ((long)stOl << 14) + ((long)s[1] << 7l + s[2] i

)

long AMDchar(s) /* returns an ALE word containing the first three */
char *si /* ASCII characters in the char string argument "/

I /* (pads with btanks if string too shortl */
if (!(stOl &- 017?)) return ((Iong1' '<< 14) + ((long)' ' << 7) +' 'i
else if (!(st1le-01??)) return ((long)sJ91 << 14) + ((Iong)r ' << 7) + I ';
etse if (!(st2le-01??)) return ((long)stOl << 14) + ((long)s[1] << 7) +' ';
else return ((1on91s191 << 14) + ((long)s[1] << 7) + s[2];

)

void initAddrMemoryo
{

int i;
for (i-0; i(HashBins,' i++) AddrMemorylil

)

(struct addr *) 0;

struct addr *FindAddr(name)
long name;

{
register struct addr *cursor;
name &= 07777777; /* strip off preamble */
if (cursor = AddrMemory[name e HashMask])

do(
if (cursor-)name :: name) break;

) while (cursor = cursor->next);
return cursor;

)

L- 15
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void InsertAddr (name, class)
long name,'
short class;

{
register atruct addr *cursor,
long w = name;

*ifdef VERBOSE
printf (r\nlnserting tlo (ts)

name, AddrString(w),
#endif

/* add a new address tso data base */
/t< (bins are lexically ordered) */
/)< oK 7/29/91 */

**previ

in bin t1d",
name & HashMask);

addr.'c

*/
*/

prev - AddrMemory + (name t HashMask) ,'

if (cursor : *prev) /* if bin not empty */
do{

if (cursor->name =- name) returni /* found name?

if (cursor-)name > name) break; /* past insertion point?
prev = cursorr'

) while (cursor - cursor-)next);
*prev - (struct addr *) malloc (sizeof (struct addr) ) ;
(*prev) ->next = cursor,'
cursor : *previ
cursor->name - name,'
cursor->class = class;
if ( (cursor-)index = LQAindex++) )= MaxAddresses) (

print.f ("\nToo many addresses. \n") ;
LQAindex--;

l
cursor->member = cursor->net = (struct addr *) 0;

II
rl
rl
rl
I
I
t
I
I
I
t
T

I
I
I

int AddMember (NetName, Newl'lember)
long NetName, NewMember;

{
struct addr *net, *cursori
register struct addr *temP,'

*ifdef VERBOSE
print f (' \nAdding member \ " ts 1' t', AddrSt ring (Newltember ) ),
printf (' to net \"ts\", Addrstring (NetName) ) ,'

*endif

if ((net - FindAddr(NetName)) (struct addr *) 0) return 0i
cursor = D€tr'
while (temp = cursor-)member) /* find Iast member * /

cursor = tempi
if (cursor-)member : FindAddr(Newt{ember)} { /* if NewMember exists */

temp = cursor->member,'
temp-)member : (struct addr *) 0,
temp->net = neti

)

L- 16
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void PrintAddrllemory ( )

{
int i;
struct addr *cursor, *memberi
long w,'

'addr.c

printf ('\n\nNon-enpty bins of Address Memory\n') ;
for 1i-0; i<HashBins,' L++) {

if (cursor - AddrMemorytil) (

printf('\nt4d 
" 

i);
while (cursor) (

w E cursor->namei
printf ('(ts, td, td)', AddrString(w), cursor->cla3s, cursor-)index) ;
if (cursor->class -- NET) {

rnember - cursor,'
while (member - member-)member)

printf (' -> (ts, td)', AddrString(member-)name),
member-)class) ;

l
if (cursor-)net) printf(' (in net ts)',

AddrString (cursor-)net-)name) ) ;
cursor - cursor->next;
printf ("\n ") ;

)

l
)
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/* message.c eej 8/4/9L */
/* handle message sections */
/* in ALE handshakes */
/* * /
/1< addr.c must be *included */
/* before this file */

*define MEASURED O /* used to select appropriate entry in LQA matrix */
#define REPORTED 1
*define NoReport 017777

static short LQAmatrix [MaxAddresses] [2] ;
st,atic short LQArequested = 0,

LeAreported - NoReport ; /* LOA reports stored here until */
/* sender address known )t /

void initlQAmatrix()
(

int i;
for (i-0,' i<MaxAddresseai i++1

LQAmatrixtil [!{EASUREDI = L0Amatrixtil IREPORTED] = NoReport"
/* LQAword is external, defined in a1e -c * /
LQAword = (char *) malloc (49 * sizeof (char) ) ;

)

void DisplayAtrlD (word)
long word;

{
if (word -= -1) printf({***r) t /* no'block" character available */
else printf ('ts', AddrString (word) ) ;

l

void MakeLQAword ( other)
struct addr *other; /* address of station to receive LQA report *,/

I /* LQAword is external, declared in ale'c */
long CMDword,'

*ifdef VERBOSE
printf ("\nr) ;

*endif
CMDword-_CMD+ LQA,
if (other) {

if (LQAmatrixlother-]indexl IREPORTED] -- NoReport) (

*ifdef VERBOSE
printf ('(requesting LQA report) ") ;

*endif
CMDword +- LQAregi /* reguest LOA if dontt. have recent data */

)
if (LQArequested) {

*ifdef VERBOSE
printf (" (LQA rras reguested) ") ;

#endif
CMDword +: tQAmatrix lother->index] IMEASURED] ;
LQArequested = 0;

)

else CMDword *- NoReport,'
l
else CMDword += NoReport + _LQAreq;

*ifdef \TERBOSE
printf(rLQAword - t08lo ", CMDword);

*endif
LQAword - Tx(CMDwordr tQAword);

l

L- 18



ALE Simulator message.c

*ifdef VERBOSE
printf ('\n Message (s) : ") ;

#endif
while ( ( (word >> zlt e 7) =: CmdPreamble) t

conunand = (word >> 14) e 0x7f;
if (ASCII_setlcomrnandl >- ASCII_64) { /* Automatic }lsg Display mode )./

printf ('A!!D message \") i
Cmdpreamble = DATA ^ ?i /* second Al.tD word uses DATA preamble *,/
do(

Disp1ayAttD (word) ;
CmdPreamble ^= 7; /* alternate preambles btwn DATA and REP */
word : Nextword0,

) while ( (word == -1) I ( ( (word >> 2Ll s, 7l :: CmdPreamble) );
Cmdpreamble - CMD.. /* prepare for another conunand *,/
printf("\" ") i
continue,. /* skip to outer twhilet condition evaluation */

)

else switch (command) {
case rat: LQAreguested = word & 

-LQAreq,'LQAreported: word e 0L7777;
#ifdef VERBOSE

if (LQArePorted !- NoRePort) printf ('LQA : td ", LQAreported),'
else if (LQAreguested) printf('LQA request ');

*endif
GndPreamble ^- 1; /* afternate preambles btwn CMD and REP */
word : NextWordO;
break,.

default: /* ignore */
*ifdef VERBOSE

printf ("??? 1*08Io) n, word) ;
#endif

GndPreamble ^- li /* alternate preambles btwn CMD and REP */
rrord - NextWordO;
break;

)

)
return word;

l

L- t9
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long word;
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void StoreBER(wordl /* word should contain the conclusion of a frame, */
long word; / * including the address of the sending station * /

{
struct addr *sender;
int PBER,'

PBER - 48 - (TotalUcount/WordCount);
if (PBER > 30) PBER : 30;

#ifdef VERBOSE
printf ('\n PBER - td ", PBER),'

#endif
if (sender = FindAddr(word)) {

*ifdef VERBOSE
printf(.\n Storing PBER values for *s. Measured: td, Reported: td ',

AddrString(sender->name), PBER, LQArePorted e 037),'
{fendif

LQAmatrix [sender-)index] IMEASURED] : PBER,'

if (LQAreported !: NoRePort)
LQAmatrix Isender-)index] [REPORTED] : LQAreported,'

)
LQAreported = NoRePort;

l
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/)< fec.c eej, rsm rev. 8/4/97 t</

#include 'Iocaldef . h"
*include'unanimous .h"
*include 'majority.h"

/**define VERBOSE*/

*include 'golay. c'

#define SR1LEN 49

int Ucount,'
char Sync;

/* Golay encode and decode routines */

fec.c

/* symbol buffer */
ptr2b; /* point.ers to sr1 */

/* buffer of unanimous votes */
/* pointer in Ubuffer */
/* deinterleaving buffer choice */
/* Golay words */

static
static
static
static
static
static
static
static

int SymbolsToGo,'
int ma3 = 9;
short sr1 ISRILEN] ,'

int ptrO, ptr1a, Ptr1b, Ptr2a,
int ubuffertl6l;
int uptr;
short pingpong,'
long gL,92;

extern char Nextsymo; /* in ale.c */

void Golay(w1 G)
Iong w, *G;
(

*lfdef VERBOSE
printf('\nrnputs to Golay: t081o t081o", w))L2, w&077771;

*endif
Gtol = encode(w >> 12);
clll = encode lw e 077171 ;

)

Iong DeGoIay (G0, G1, power)
long G0, G1,
int power;

{
*ifdef VERBOSE

printf("\n t081o t081o ', G0, G1),
*endif

if ((G0 : decode(GO, power)) =- -1) return (-1);
if ( (G1 : decode (G1, power) ) -- -1) return (-1) ;

#ifdef VERBOSE
printf('t081o Ucount = td n, (G0<<12) I Gl, Ucount);

#endif
return (G0<<12) I G1;

)
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FEC Module

char *Tx(ALE_WORD, Txw)
long ALE_WORD;
char *Txwi

{
Iong G [2] ;
register int i;
register long a, b;

t:
t=

/* new 7/14/9L */

two 24-bit Golay code words t/

*/;

*/;

L-22

fec.b

/*

Golay(ALE_WORD, G);

a - (ct01) << 2;
! = (Gt1l ^= 077771 << 1,' /* invert B word check bits */

if (!Txw) Txw : (char *1 malloc(49 * sizeof (char) ),' /* allocate if needed */
#ifdef VERBOSE

printf("\nNew Tx word *081o at tlx', ALE-WORD, Txw);
*endif

/***** INTERLEAVING AI.ID REDT,NDAI{CY *,.).**/

Txwt4Sl =a&4 lbezl,
for (i-46; i>33; i. -- 2t {

Txwlil:ae040lb&020;
a ))= 1; b ))- 1,.

Txwtil (Txwlil la&010) >> 3;
Txw Ii+1] = b&4,'
a 1';>- 1; b ))- 1,.
Txwli+l1 l= ae2 | b&1;
a ))- 1; b ))= 1,'

for

)
a
b

)
a
b
f

(Gt1l << 5) ;
(Gt0l << 5) /* stuff bit for free

li-32; i>16; L -= 2l (

Txwlil-ae040lbe020;
a ))- 1; b >>- 1;
Txw [i] (Txw [i] I ac010) >> 3,'
Txwli+l1 = b&4;
a ))= li b >>- 1;
Txw[i+1] l- ae2 lbe1,'
a ))- 1; b >>: 1;

(G[0] << 6) ;
(G[1] << 5) /* stuff bit for free

1i=16; i>:0; L -= 2l {
Txwlil : a&040 l.be020;
a )>- 1; b ))= 1,'
TxwIi] : (TxwIi] I ae010) >> 3;
TxwIi+l] = be4i
a ))= 1; b >>: 1;
Txwli+11 l= a&2 I bel i
a i)= 1; b >>= 1;

t:
t=

or

)
return Txw,'

)



FEC Module fec.c

initRxFEC(dwell) /* Initialize Routine */
int dwell; /* simulates initial receiver actions in arrivitg */

I /* on a channel carrying ALE tones and timing */
int srlend = SRILEN,'
int i, tmp, index,'

/* initialize pointers */

/* initialize unanimous vote circular buffer */
/t< (stores unanimous vote counts for 16 */
/* most recent majority votes.) */

Ucount - 0;

for (i:0; i<SR1LEN; i++) sr1[i] : O,' /* init recej-ved-symbol shift rgl-r * /

SymbolsToGo = dwell,' ,/* number of symbols allowed for word sync acq. ,. /

for (i-0;i<SRlLEN-1;i++1 I /* read first 48 symbols into shift register */
SymboIsToGo--;
index = ( (* (sr:.+ptr1a) & 3) << 7) I ( (* (sr1+ptr1b) e 4l << 4) I

( (* (srl+ptr2a) & 1) << 5) I ( (* (sr1+ptr2b) & 6) << 2l I

(* (srl+ptr0) = NextSymQ ); /* concatenate three redundant symbols */
/* to make an index for table accesses */

/* Unanimous Votes */
tmp - ubuffer[uptr]; / * copy value to be shifted out*/
Ucount *= utable[index]-ubuffer[uptr]; /* update unanimous vote count */
ubufferluptrl : utablelindex], /* shift old value out, new in */

/* uajority Votes and Deinterleaving */
ma j = mtabte [index] ,.

if (pingpong) {
g1 : ((s1 << 2) I (((maj&4) >> 1) I (majer)));
92 = ( (92 << 1) | ( (maj&2) >> 1) ),.

)
eJ-se {

92 = l(92 << 2l | (((maj&4) >> 1) I (majrl)));
g1 = ( (91 << 1) I ( (majeZ) >> 1) );

)

/* update pointers to circular buffers */
ping,pong - (++pingpong > 1) ? 0 :. pingpong,.
ptrO 1++ptr0 )= srlend) ? 0 : ptr0,.
ptrla : (++ptr1a )= srlend) ? 0 : ptrla;
ptrlb : (++ptr1b ): srlend) ? 0 : ptrlb,.
ptr2a : (++ptr2a ): srlend) ? 0 : ptr2a;
ptr2b - (++ptr2b )= srlend) ? 0 : ptr2b;
uptr = +*uptr[0xf;

)
Sync = 0; /* clear word slmc fLag *1
return 1i

L-23

pingpong - 0;
ptr0 : 0,'
ptrla : 16;
ptrlb : l7 t
pLr2a : 32;
ptr2b= 33,.
uptr : 0;
gt:92:0.0;
f or ( i=0 ; i<16,' i++ )

ubufferlil - 0;
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FEC Module

#define THRESHOLD O /* this needs to be tuned */

long RxFEC(power)
int power,'

{
int index;
int srlend SRILEN;
int i, j, tmp,
Iong go1; /* GolaY decoded word */

if (Sync) I /* just get next 49 symbols */
for (i=0;i<SnlIJEN,'i++) {

index = ((*(sr1+ptr1a) e 3) << 7) I ((*(sr1+ptr1b) t

(* (sr1+ptr0) = NextSymO ) ;

/* Unanimous Votes */
tmp = ubuffertuptrl,'
Ucount *= utabletindexl - ubufferluPtrl ,'

ubuffertuptrl - utable [index] ;

/* ltajority votes and Deinterleaving */
maj - mtabletindexl ,'

if (pingpong) {

91 : ( (91 << 2) | ( ( (maj&4) >> 1) |

g2 - ( (92 << 1) I ( (ma jc2) >> 1) );
)

(maje1)));

fec.c

4
2

4

I

{
g2
g1

else
(lg2 << 2l I

((91 << 1) I

( ( (ma je4) >> 1) | (ma j61) ) ) ,
( (ma j&2) >> 1) ) ;

pingpong;
ptr0;
ptrla;
ptrlb;
plux2a;
pLx2b;

)

/* update pointers to circular buffers */
pingpong - (++pingpong > 1)
ptr0 1++ptr0 >= srlend)
ptrla - (++ptrla >= srlend)
ptrlb = (++ptrlb >= srlend)
ptr2a = (++ptr2a >= srlend)
Ptr2b = (++ptr2b >: srLend)
uptr = **uptr&Oxf;

)
if (pingpong) /* These are reversed due to pingpong being inc */

return (DeGoIay ( ( (g2>>1) &oxffffff ), ( (91^0xfff ) &0xffffff ), Power) ),'
else

return(DeGolay( ( (g1>>1) eOxffffff), ( (92^0xfff) &0xfffffft,Power) ) ;

?0
?0
?0
?0
?0
?0

L-24
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else /* ]ooking for word sync */
while ( ! Sync ee (SymbolstoGo--) ) {

/* Compute Index into majority vote and unanimous vote tables */
index = ((*(sr1+ptr1a) e 3) << 7l I ((*(sr1+ptr1b) & 4) << 4) |

( (* (sr1+ptr2al e 1) << 5) I ( (* (sr1+pt.r2b1 c 5) << 2l I

(* (srl+ptr0) : NextSymO ) ;

/* Unanimous Votes *,/
tmp - ubuf fer Iuptr] ,'

Ucount +: utabfeIindex] - ubuffer[uPtr];
ubuf fer Iuptr] : utab]e Iindex] ,'

/* Majority votes and Deinterleaving */
maj - mtable[index],'
if (pingpong) {

91 = ((91 << 2) I (((majcq) >> 1) | (maje1))),
92 = ((92 << 1) I ((maj&21 >> 1));
9ol = DeGolay( ( (91>>1)e0xffffffl, ((92^0xfff) &oxffffff),power);

)
else (

g2 - (lg2 << 2l | (((majE4) >> 1) I (maj&l))),
91 = ( (91 << 1) I ( (majez) >> 1) ),'
goJ. : DeGolay ( ( (92>>1) &Oxffffff ), ( (91^Oxfff ) e0xff ffffl, power),'

)
pingpong = 1++pingpong > 1) ? 0 : pingpong;

/* updgte pointers to circular buffers */
ptrO = (

ptrla - (

ptrlb = (

ptr2a = (

Ptr2b - (

++ptr0
++ptr1a
++ptr1b
++ptr2a
++ptr2b

srlend)
srlend)
srlend)
srlend)
srlend)

?0
?0
?0
?0
?0

ptr0;
pt r1a;
ptrlb;
pLx2a;
ptr2b,'

/* No good golay word recieved */

uptr - ++uptrtOxf;

if ( (SoI r- (long1 -1) && (Ucount > THRESHOTD) ) {

Sync - 1; 1* goL good golay; word sync is possible */
return (go1);

)

)
return (-1);
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FEC module

J.ong encode(w)
long w;
{

long i, word = 0;
static long G[121

*/

*include -errwt.h' /*
*include'errpat.h' /*

golay.c eej rev. 7 /28/91
routines to execute the FED-STD-1045
Golay encode and decode Proceas

*/
/ ttrl-srD-188-141A */

*/

{ 040005343, 020007622, 010006453,

golay.c

/* generator

/ * matrix t< /

/*
/*
/*
*include <stdio.h>

/********************* GOLAY ENCODER MODULE **************************/

004006166,
000401467,
0 00 0 4133 5,

00200 6331,
000205570,
0 0 0 02561s,

001003155,
000t0267 4,
000012707 );

if (w & 1) word ^: G[11];
for 1i : 10; i )= 0; i--)

if ( (w >>= 1) & 1) word ^= Gtil;
return (word),'

/********************* GOTAY DECODER MODULE **************************/

)

error weight matrix
error pattern matrix

'int wt t40951.inr e [4096]
{
(

n

lt
*/
*/

long decode(w, power)
long w, power,'
{

register int syndrome;

if ((wt[syndrome - (encode(w>>12) ^ w) e 01777)) ] Power) return (-1);
else return (w>>12 ^ e [syndrome] ) ;

L- 26
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ALE Modem Simulator ALEmodem.c

ALEmodem.c eej 5/13/91 */
8-ary FSK modem for HF ALE simulatox */

#include (math.h>
*include 'hfdef.h'
*define m_ary I

static double tone [m ary] [2] [NPTS] ,

void InitModemo
{

register int i, iprime, );
double ftm_aryl, dt;
register double x, dx;

f t0l : - (f t7l : 875.0) ;
f t1l : - (f t5l - 625.01 ;
fl21 : -(f tsl - 375.0);
f t3l = -(f t4l = 125.0);

/* 8-ary rSK tone freguencies */

6g : fs/NpTS;

for (i=0; i<rt_ary/2; i++) I /* generate tone vectors */
iprime - m_ary-i-l; /* index of conjugate freguency */
x : 0.0;
dx: TPi*fIiprime]*dt;
for (j-0, j<NPTS; j++) {

tonelll tOl t jl - tone[iprirneJ t0] t jl - cos(x); /* real part of tone */
tone[i] tll tjl - -(tone[iprimeJ t1] Ijl : sin(x));/* imag part of tone*/
x *= d:<; if (; >= TPi) x -- TPii

)
)

/*

Slmvect *FSl(mod ( InSlzml
int Insym,

{
return (tone IInSym] ) ;

l

use: Slmvect *xmitsig * |
)<mitsig = FSI(mod(InSym) *l

(*)<mirsis) til tjl *l

(*in1 111 tjl *tone til t1l t
(*in) [0] [j] *rone til t1l t

/t
/r<
/*

int PSKdemod(RcvSig)
Symvect *RcvSig;

(

register int i, ), outi
register double sumi, sumq, sum, max-0.0;
register SymVect *in,'

in : RcvSig;
for (i=0; i(m_ary,' i++) {

sumi:sumq=0.0;
for ( j-NPTS/4,' j< (3*NPTSI / 4; j++) {

sumi += 1*in) [0J Ij] *tone til t0l tjl +
sunq +- (*in) [1] [j] *tone til t0l tjl

)
if ( (sum - sumi*sumi i sumq*sumq) >: max) (

max - gumr'

out - ii
)

)
return (out) ,'

j
)

L-n
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HF Channel Simulator

hflib. c
eej

int hanuningwt3 (w)
int w;
{

static int wt[8]

return (wt Iw] ) ;

routines for HF channel simulator
rev.8/3/9L

{0, l, 2, L, 2, 2, 3);

hflib.c

/*
/ .,.

*incfude 'hfdef.h'
*include <stdio.h>
*include (math.h)

#define sqrt2 7.4L42L3552

/* uniform.c eej 8/L2/89
/* random number generator with uniform distribution
/r< from CACI'I June 1988, Vof 31, No 6, Pp. 742-749+

*/
'r. /*/

double uniformo
{

static long s1 = 123456787 t
Long z, k,'

s2 : 98'7654323;

k=s1/53668;
s1 : 40014 * (sl - k * 53668)
if (s1 < 0) s1 += 21'47483563;

(k r, L?2LLI ;

k:s2/52774;
s2 = 40592 t (s2 - k * 527'l4t
if (s2 < 0) s2 += 2t47483399;

(k * 3791);

z:s1 -s2;
if (z < 1) z *= 2L47483562;

return lz * 4.6556138-10);
)

int Randlnt(i) /* Generates random integers in the range 0 to i-1'
int i; /* In run of 100,000 with 32 bins, had variation of

I /* 5t of mean from max bin to min bin'
return (i*uniformO );

)

t</
*/
*/

1
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HF Channel Simulator 'hflib.c

/****** **************** DELAy LINE MODULE ************************r(*******/

double DIyTime; /* gIobal so it can be manipulated in main routine */
static int Delayl,inel,en,' /* if more than one set of delay lines is t</

static double DlyTF,' ,/* needed, must pass these as Parms */

static int iptr, q)tr,' /* these are Passed as parms */
statsic double tDl,ine [65], QDLine t55l ;

double DelayLine(InSig, Ptr, LName)
double Insig; /* current sample: Put into delay line */
int *Ptr; /* current offset into delay line )'/
double *LNamei /* ptx to delay line to use */

t
register double *tempptr, terU),'
register int nt;

if (DelaylineLen > 1) I /* use the delay line */
nt = (++ 1*Par, *t, t DelayLinelen,'
tempptr = LName + (*Ptr t= Delaytinelen),'
temp = *tempptr * DIyTF + (* (LName+nt) ) * (1.0 - DIyTF) ;
*tempptr - InSi9,

)
else { /* use only first element of delay line */

temp - rnSig * (1.0 - DIyTF) + *LName * DIyTF;
*LName = InSig;

)
return (temp);

f r<r<t<t<t r<r.r< ************* RAYLEIGH (NOISE) GENERATOR **************************//

void Rayleigh (x, y)
double *x, *y;

(

register double r, a;

r - sqrt (-2.0*1og(uniformO ) ) ;
a = TPi * uniformo;
*x: r * cos(a),.
*y - r * sin(a);

)
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HF Ghannel Simulator hflib.c

//********************* FADING GAINS MODULE *****t***********************t<***/

double FreqSpread,'
static double gr a0, al,
static double IFade0 [6],

IFadel [ 6] ,

/* grlobal so it can be manipulated in main routine */
a2;
QFade0 [6], /* direct-Path fading filter state vars */
QFade116l;/* delayed-path fading filter state vars */

void Gauss_Filter (Fade)
double *Fade;

(

/* Fade array of input/output data: */
/tt radetOl is the current filter outPut */
/* rade[o-2] are the current and past outputs */
/t< Fadet3-51 are the current and Past inputs */

/* Gaussian filter: 2-pote, 2-zero rrR */
Fade [ 0 ] = (g* (Fade [3 ] +2*Fade [ 4 ] +Fade [ 5] ) -a1*rade [ 1 ] -a2 *Fade 12) I / a0 ;

/* adjust the history terms */
Fade [2] =Fade [1] ;
Fade [ 1 ] -Fade [ 0 ] ,
Fade[5]=Fade[4];
Fade [ 4 l =Fade [ 3 ] ;

void FadeGains (i, q)
double *i, *g;

{

/* generate Rayleigh-distributed fade gain perturbations
Rayleigh(i+3, q+3); /* assign to current input positions

/* Run through gaussian filter */
Gauss_Eilter (i) ;
Gauss_Filter (q) ;

void CompMult (Xi, Xq, Yi, Yg, Zi, zql
double Xi, Xg, Yi, Yq, *Zi, *Zqi

{
t Zi = Xi*Yi - Xq*Yq;
t'zg.=xi*Yq+xq*Yi,'

)

/* Z-X*y */

*/
*/

L- 30

I

l

r
n

I



HF Ghannel Simulator ' hfrib.c

/********************* HF CHANNEL SIMULATION *******************************/

double Siglev, TxLevel;
static SymVect RcvSig;

Symvect *HFchan ()cnitsig)
Symvect *xmitSig;

(

register int i,'
register SymVect *in, *outi
double ni, ng, Ri, Rq, RDi
register double Xi, Xq, Di,

/* global so it can be set by main routine */
/* used to return resulting symbol vector r< /

7 RDq, tmp1, tmp2;
Dq; /* in-phase and guadrature main and */

/* delayed path samples, respectively */

/* RcvSig is global */

/* GENERATE NOISE */
/* Rayleigh generates in-phase and quadrature */
/* components, jointly normal, with each */
/* component having Rl.!S amplitude of unity; */
/* RI.{S noise power is also unity. */

in = )hitSig;
out = RcvSig;
for 1i=0; i<NPTS,'

Rayleigh (&ni,
i++) (

cng) ;

if (FreqSpread > 0.0)
EadeGains (IFade0,
FadeGains (IFade1,

l
else {

Rayleigh (&tmp1,
Rayleigh (&tmp1,

/* GENERATE FADING GAINS */
/* generate direct-path fade gains */
/* generate delayed-path fade gains */

{

QradeO) ;
QEadel) ,'

etmp2),'
[tmp2) ;

*/
*/

*/
/* donrt care (to draw RNs)

/* ]eave fade gains at initialized
/* values (phase shift only)

/* compute output */

if (DelayLinelen + DIyTF > 1.0) I /* multipath? */
Di : Delayt,ine(xi-SigLev*(*in) t0l til, &iptr, rDline);/* genexate */
Dq - DelayLine (xq-Sigr,ev* (*in) t1l til, &q)tr, QDLine) ; /* delayed * /

/* sig'na1s * /

CompMu1t(Xi, Xq, *IFadeo; *QFadeo, 6Ri, &Rq);/* introduce fading */
CompMult (Dir Dq, *IFadel, *QFadel, &RDi, eRDq);

)
else { /* aLL povrer in single path */

CompMult (SigLev* (*in) [0] [i], Siglev* (*in) [1] [i],
*IFade0, *QFade0, &Ri, eRq),

RDi=RDq=6.9,'
Ri *- pArL2;
Rq *- sqrt2;

l

(*out) tol til -
(*out) tll til -

l
return (out),'

Ri
Rq

+ RDi + ni;
+ RDq + nq;

L- 3r
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HF Channel Simulator

/********************** INITIALIZATION ************************************/

void Initial-ize ( )

t
register int i;
double a, c, A, C, dt;

/*
/******************** sET UP DELAY ITINES *********************/

do{
printf("Enter delay time (ms): ');
scanf ('tlf', eDlyTime) ;

l while (DlyTime < 0.0),' */

6g = ls/NPTS; /r< dt = sample period */
DlyTirne /= (dt * 1e3); /* scale DlyTime from milliseconds to samples */
DIyTF = DIyTime - (DelaylineLen = (int)DlyTime);
DeIayl,ineLen++i
iptr:q>t.r=0;
for (i=0; i<65.' i++) rOl,ine [i] - gOt ine Iil - 0.0;

/*
/***************** SET UP FADING GENERATOR **********1<"*****/

do{
printf ("Enter freguency spread (Hz) : ') ;
scanf ('t1f", &Freqspread) ;

) while (FreqSpread < 0.0),' */

if (FreqSpread > 0.0) {
FreqSpread *= dt*TPi,. /* scale from Hz to radians per sample */

/* magic nurnbers for Gaussj-an filter */
a - sqrt (TPi) ,'

c = 1.5,'
a - 3/FreqSpread;
C = c/FreqSpread,' C *= C;

/* Gaussian filter coefficients */
g : sgrt (0.S*sgrt (TPi) /FreqSpread) ;
a0=A+C+1.0,'
at = 2* (1.0 _ C);
a2 -- C + 1.0 - A;

for (i=0; i<5,' i++) /* clear fading fiLter state variables
* (IFadeO+i) = *(QFade0+i) = * (fFadel+i) : *(QFadel+i) = 0.0;

r</

for (i=0; i<1.0/EregSpread; i++; {
FadeGains (IFadeO, QFade0) ;
FadeGains (IFadel, QFadel) ,'

)

/* atd initialize them */

)
else

* (rEade0)

hflib.c

/* fading generator disabled; set fixed gains for taps */
= *(QpadeQ) = *(IFadel) - *(Qradel) - sqxL2/Z.0;
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Header Files

* AlEmodem.h eej 6/L6/9L
* - 8-ary FSK modem for HF ALE simulator */

extern void
extern Symvect
extern int

InitModem ( ) ,'
*ESI(mod ( ) ;

FsKdemod ( ) ;

#define AlEmodem(x) PSKdemod (HEchan (rSKmod(x) ) )

/* AlEwords.h eej
defines some usefut ALE words */

8/4/9t t /

#define
*define
#define
*define
#define
#define
{fdef ine
#define

_TO

-TIS
-TWAS
-DATA_REP
_CMD

-THRU
_FROM

020000000
0s0000000
030000000
000000000
070000000
050000000
010000000
040000000

/* use these to buifd ALE words */

*define
#define
*define
#define
*define
#define
#define
*define

TO
TIS
TWAS
DATA
REP
CMD
THRU
FROt'l

02
05
03
00
07
06
01
04

/* use these for tests and indices */

*define _SA!1
#define _UEL

0 05 1 60315
005261314

#define
*define
#define

_JOE
_JOS
_EPH

004523705
004523723
004264110

#define _NET
*define NCS

004721324
004720723

#define
*define
#define

MOE 004553705
00502 03 1 5
0051203r.5

PAI'{
RAM

#define _LQA (rar (( 14)
*define _LOAreq 000020000
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Header Files

/*
/*

ASCII_SeL.h eej 7/22/9L table indexed by ASCII characEer
to determine most restrictive character set it belongs to

r</
*/

*define ASCII
*define ASCrr
*define ASCrI

t28
64

0
1
238

static char ASCII Sett128I {0, 0

0ro
1, 1
212
212
212
0, o
0, 0

0,
0,
t,
2,
2,
2,
0,
0,

0,
0,
L,
2,
2,
2,
0,
0,

0

0
1

2
2
2
0

f

,
,
I

a

,

0r0
0, 0

l, 1

212
212
212
0, 0

0, 0

0,
0,
L,
2,
2,
2,
0,
0,

0,
0,
L,
2,
2,
a

0,
0,

0,
0,
t,
2,
2,
2,
0,
0,

0,
0,
t,
I,
2,
2,
0,
0,

0,
0,
l,
1,
2,
t,
0,
0.

0,
0,
L,
t.
2,
1,
0,
0,

0,
0,
LJ
L,
2,
L,
0,
0,

0,
0,
L,
L,
2,
1,
0,
0,

0
0
1
2
2
1
0

,
t

,
I

0, 0);

/* fec.h eej 7/26/9L */

extern
extern
extern
extern
extern

char Sync,'
int Ucount,
char *Tx O ;
long RnFECO;
void initru<FEC O ;

/*
/)<

hfdef.h definitions for HF channel simulator routines
eej 8/3/9L

*/
*/

*include "locafdef.h"
*define Pi 3.141592654
*define TPi 6.283185307
*define Ts 0.008
*define NPTS 32

tlpedef double Symvect [2] [NPTS];

extern double DlyTime, FreqSpread, Siglev, TxLeveI,' /* declared in hflib.c */
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header file for HF propagation simulator routineseej 7 /30/9L
/* hfdef-h must be #incruded before this fihe */

hfIib. h
/* */

*/

extern double
extern int
extern int

extern void
extern Symvect

unj.form ( ) ,.

Randrnt O ;
haruningwt3 O ;

rnitialize O ;
*HFchan ( ) ,.

/ * rna jority. h
/*
short mtable t5121

rsm 7/28/9L table of majority votes t</
indexed by concatenaied tii_Uits *'/

: { 0r 0r 0, Or 9, O, O, O, O, L, O, L, O, L, O, Ll0r 0r 21 2, O, o, 21 2, o; L,21 3; o', !', ii r,0, 0, 0. o, 4. 4, 4, 4, O, l, o, L't 4', 5', i,, 5,
9, o, 2, 2, !, 4, 6, 6, o, l, 2, 3', 4', 5" 6" 7,0, L, 0, L, g, L, O, 1, l, l, L, I, L', l,', L', !l0, lr 21 3, g, lr 21 3, L', lr 31 3, L'. L,r a,, 3,0-, L, O, L, 4,5, 41 5, L-, l, L, lr 5, 5, 51 5,0, L, 2, 3, !, 5, 5, 7, L, 1, 3, 3-, 5', 5; 7" 7,0r 0,21 2, g, gr 2,2, o, 1r 2,3; o'. !'r 2" 3,2, 2, 2, 2, ?, 2, 2, 2, 2', 3, 2, 3, 2', 3', 2., 3,
9, 0,2,2, l, 1, 9, 6, O-, !,2,3', 4',5't i', j,
?, 2, 2, 2, 6-, g, 6, 6', 2', 3; 2', 3', 6', i" a., 7,0, L,2,3, g, L^,2,3, L, ]-'t 3,3-, L't L', a" 3,21 3, 2, 3, 2, 1, 21 3, 3, 3', 3, 3, 3',, 3'r a.r 3,
9, L' 21 3, 4., !, 61 7t l-r 7't 31 3-, 5'o 5; a'r 7l21 3r 21 3, 61 7, 61 7r 3r 3',31 3, 7',7'r 7'r 7,0, 0, 0, O, 4, 4-, 7, 4, O, :-', O, 1; 4',5; 4',5,o, o, 2, 2, 4, 4^, 6, 6, 0; l', 2, 3, 4., 5., 6., 7,4, 4, 4, 4, 4, 1, !, 4, 41 5, 4, 5, 4', 5-, 4.r 5,4, 4, 6, 6, 4, !, 6, 6, 4, 5, 6, 7't 4't 5', i" 7,
9, L, o, 7, 4, :, 4, 5, l', l', I, L, 5, 5, 5, 5,0, lt 21 3, 4t 2, 6,7, :--t L'r 31 3; S'r 5; ;'r.1,4, 5, 4t 5, 4, :, 7, 5, 5, 5; 5, 5; 5', 5; 5., 5,4, 5, 5, 7, 4, l, 9, 7, 5; 5; 7, 7', S', S'. i', 7,
9, g, 2, 2, 4, 1, g, 6, O, t't 2-, 3', 4',4; 6" 7,
?, ?,2,2,6, g,6,6,2,3',2,3,6',7', a" 7,
1, 1, 6, 6, 4, 1, 6, 6, 4, 5; 6, 7', 4',, 5', i" 7,
9, 6, 6, 6, 6, 9, G, 6, 6', 7', 6, 7, 6, 7, 6, 7,
9, \,21 3, 4,:, 61 7, !, l',3, 3; 5',5',;" 7,
?, 1,2,3, 6,7, 6,7-,3',3; 3',3', i', i";:7,
1,:, 5,7, 4.:, 6,7,5,5; 7t 7,5',5',l'.t.7,6, 7, 5, 7, 6, 7, 6, .7, ?', .l', 7t 7-, 7', 7., 7" 7 l;
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/ * localdef.h eej 7 /2g/ gL * //* definitions for the t{AC environment using Think C (System 6.0x) */
#ifndef _MCGB881_

#define McGBggl

if (WaitNextEvent ( (int) everyEvent, &ev,{EventRecord ev,-
StdEvent (&ev) ,- )

(long) 0, (Iong) 0) )

*include (storage.h)

*endif

*undef ERRORCHECK_

*define shareCpUO;

/t unanimous.h
/*

short utable [512]

rsm 'l/28/91 table of unanimous votes
indexed by concatenated tri-bits

{3, 2, 2, 1, 2, l,
2, L, 2, L, !, o,
2, L, L, O, 2, Ll
l, 0, L, 0, L, O,
2, 2, L, l, L, L.
L, l, L, L, O, O,
l, L, 0, 0, L, L,
0, 0, 0, 0, o, o,
2, L, 2, L, L, O,
2, L, 3, 2, L, O,1r 0, Lr 0, I, Ot
l,0r 2r 1, L, O,
l, L, 1, L, O, O,
l, Lt 2, 2, o, o,
0, 0, 0, O, O, O,
0, 0, 1, !, o, o,2. l, L, O, 2, L,
Lt 0, Lt 0, L, O,
2, l. !, 0, 3, 2,
1, 0, l, 0, 2, L,
!, l, 0, 0, 7, L,
0r 0r 0r 0, o, o,Lt l, 0, 0, 2, 2,
0r 0r 0, o, L, L,
tr 0, Ll 0, L, O,
l, 0, 2, l, L, O,
L, 0, L, 0, 2, 1,
L. 0, 2, L. 2, 1,0, 0. 0, o, o, o,
0, 0, 1, 1, O, o,
0r 0r 0r 0r 7, L,
0, 0, l, Lr l, l,

'Lt0r2,
L, 0, L,
L, 0, Lt
L, 0, 0,
0, 0. 2l
0, 0, l,
0, 0, L,
0, 0, 0,
L, 0, L,
2, l, L,
l, 0, 0,
2, L, 0,
0, 0, 1,
L, Lt 1,
0, 0, 0,
1, l, 0,
L, 0, ll
L, 0, 0,
2, L. L,
2, L, 0,
0, 0, 7,
0, 0, 0,
L, L, L,
L, Lr 0,
L, 0, 0,
2, lt 0,
2, L, 0,
3, 2t 0,
0t 0, 0,
7t L, 0,
L. L, 0,
2t210r,

2t 1
l. 1
l'0
0, o
3, 1
2, 1
210
Lr0
It1
L'2
0, 0
0, I

*/
*/

0,
0,
0,
0,
0,
0,
0,
0,
0,
t,
0,
1,
0,
I,
0,
t,
0,
0,
t,
tt
0,
0,
L,

0,
0,
0,
0,
1,
L,
L,
t,
0,
I,
0,
t,
t,
2,
L,
2,
0,
0,
tl
ll
l,
1,
Z,
2,
0,
L,
t,
2,
ll
2,
2,
3 );

,

t
,

lt !, L,
l, 0, 0,
0, 1, L,
0, 0,'0,
2, Lr 2,
2, 0, L,
l, L, 2,
L, 0, L,
t, 0, 0,
2, 0, 0,
0, 0, 0,
l, 0, 0,
2, 0, 7.,
3, 0, 1,
L, 0, l,
2, 0, !,
0, Lt I,
0, 0, 0,
0, 2, 2,
0r 1, l,
l, 1, 2,
l, 0, l,
Lt 2, 3,
L, L, 2,
0, 0, 0,
!, 0, 0,
0, l, It
I, l, L,
l, 0, l,
2, 0, L,
L, 1, 2,
2,1,2,

,
a

,
a

,
t

t
2, 1
212
lr0
1, 1
110
0, 0
Lr0

,
,

t

,
,

0,
2,
1,
2,
7,
0,
0,

0,
0,
0,
0,
0,
0,
L,
0,
t?
0,
L,
0,
1,

1
0
1

1
2
0
1

0
0
1
1
1
1

,
,
,
,
f

,
t

,
a

,
,

l,
2,

L-36



Header Files

/*
int

errwt . h

wt [4095]

eej 7/28/9L error weights for Golay decoder */

0,
t,
t,
2,
!,
2,
2,
3,
l,
2,
2,
3,
2,
3t
3,
4,
I,
zf
2,
3,
2,
3,
3,
4,
2.
3,
3,
4,
3,
4,
4,
3,
t,
2,
2,
3,
2,
3,
3,
4,
2,
3,
3,
4,
3,
4,
4,
3,
2,
3,
3,
4.
3,
4,
4,
3,
3,
4,
4,
3,

l,
2,
2,
3,
2,
3,
3,
4l
2,
3,
3,
4,
3,
4r
4,
3,
2,
3,
3,
4,
3,
4l
4,
3,
3,
4,
4,
3,
4,
3,
3,
4,
2,
3,
3,
4,
3,
4,
4,
3,
3,
4,
4,
3,
4,
3,
3,
4,
3,
4,
4,
3,
4,
3,
3,
4,
4,
3,
3,
4l

l,
2,
2,
3,
2,
3,
3,
4,
2,
3,
3,
4l
3,
4,
4,
3,
2,
3,
3,
4,
3,
4,
4,
3,
3,
4,
4,
3,
4,
3,
3,
4,
2,
3,
3,
4,
3,
4,
4,
3,
3,
4,
4,
3,
4,
3,
3,
4,
3,
4,
4,
3,
4,
3,
3,
4t
4,
3,
3,
4,

2,
3,
3,
4,
3,
4,
4,
3,
3,
4,
4,
3,
4,
3,
3,
2,
3,
4l
4l
3,
4,
3,
3,
4l
4,
3,
3,
4l
3,
4,
4,
3,
3,
4,
4,
3,
4,
3,
3,
4,
4,
3,
3,
4,
3,
4,
4t
3,
4,
3,
3,
2,
3,
4,
4l
3,
3,
4,
4,
3,

ll
z,
2,
3,
2,
3,
3,
4l
2,
3,
3,
4,
3,
4,
4,
3,
2,
3,
3,
4l
3,
4,
4,
3,
3,
4,
4,
3,
4,
3,
3,
4,
2,
3,
3,
4,
3,
4,
4t
3,
3,
4,
4,
3,
4,
3.
3,
4,
3,
4,
4,
3,
4,
3,
3,
2,
4,
3,
3,
4,

2,
3,
3,
4,
3,
4l
4,
3,
3,
4t
4,
3,
4,
3,
3,
4t
3,
4,
4,
3,
4t
3,
3,
4,
4,
3,
3,
4,
3,
4,
2,
3,
3,
4,
4,
3,
4,
3,
3,
4,
4l
3,
3l
2,
3,
4,
4,
3,
4t
3,
3,
4,
3,
4.
4,
3,
3,
4,
4,
3,

2,
3,
3,
4,
3,
4,
4,
3,
3,
4,
4,
3,
4l
3,
3,
4,
3,
4,
4l
3,
4,
3,
3,
4.
4,
3,
3,
2,
3,
4,
4,
3,
3,
4,
4,
3,
4,
3,
3,
4,
4,
3,
3,
4,
3,
2,
4l
3,
4,
3,
3,
4,
3,
4,
4,
3,
3,
4,
4,
3,

3,
4,
4,
3,
4,
3,
3,
4t
4,
3,
3,
4,
3,
4,
4,
3,
4,
3,
3,
4,
3,
2,
4,
3,
3,
4,
4l
3,
4,
3,
3,
4,
4t
3,
3,
4,
3,
4,
2,
3,
3,
4,
4,
3,
4,
3,
3,
4,
3,
4,
4,
3,
4t
3,
3,
4,
2,
3,
3,
4,
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4,
3,
3,
4,
L,
2,
2,
3,
2,
3,
3,
4,
2,
3,
3,
4,
3,
4,
4,
3,
2,
3,
3,
4,
3,
4,
4t
3,
3,
4r.
4,
3,
4t
3,
3,
4,
2,
3,
3,
4.
3,
4,
4,
3,
3,
4,
4,
3,
4,
3,
3,
2,
3,
4.
4l
3,
4l
3,
5,
4,
4,
3,

3,
2,
4,
3,
2,
3,
3,
4,
3,
4,
4,
3,
3,
4,
4,
3,
4,
3,
3,
4,
3,
4,
4,
3,
4,
3,
3,
2,
4,
3,
3,
4,
3,
4,
4,
3,
3,
4,
4,
3,
4,
3,
3,
4,
4,
3,
3,
4,
3,
4,
4,
3,
4,
3,
3,
4,
3,
4,
4,
3,
3,
4,

3,
4t
2,
3,
2,
3,
3l
4l
3,
4,
4,
3,
3,
4,
4,
3,
4,
3,
3,
4,
3,
4,
4,
3,
4,
3,
3,
4,
4,
3,
3,
2,
3,
4,
4,
3,
3,
4,
4r.
3,
4,
3,
3,
4,
4,
3,
3,
4,
3,
4,
4,
3,
4,
3,
3,
4,
3,
2,
4,
3,
3,
4,

4l
3,
3,
4,
3,
4,
4,
3,
4,
3,
3,
4,
4l
3,
3,
4,
3,
4,
4,
3,
4,
3,
3t
4,
3,
4,
4,
3,
3,
4,
4,
3,
2,
3,
3,
4,.
4,
3,
3,
4,
3,
4.
2,
3,
3,
2,
4,
3,
4,
3,
3,
4,
3t
4,
4,
3,
4l
3,
3,
4,
4,
3,

3,
4,
4,
3,
2l
3,
3,
4,
3,
4,
4,
3,
3,
4t
4.
3,
4,
3,
3,
4,
3,
4,
4.
3,
4r
3,
3,
4,
4,
3l
3,
2.
3,
4,
4,
3,
3,
4,
4,
3,
4,
3,
3,
4,
4,
3,
3,
4,
3r.
4,
4,
3,
4,
3,
3,
4,
3,
4,
4,
3,
3,
4,

4,
3,
3,
4,
3,
4l
4,
3,
4,
3,
3,
4,
4,
3,
3,
4,
3,
2,
4,
3,
4,
3,
3,
4l
3,
4,
4,
3,
3,
4.
4,
3,
4,
3,
3,
4,
4,
3,
3,
4,
3,
4l
2,
3,
3,
4,
4,
3,
4,
3,
3,
4,
3,
2,
4,
3,
4l
3,
3,
4,
4,
3,

4,
3,
3,
4,
3,
4,
4,
3,
4,
3,
3,
4,
4,
3,
3,
2,
3,
4,
4.
3,
4,
3,
?

2,
3,
4,
4,
3,
3,
2,
2,
t,
4,
3,
3,
2,
4,
3,
3,
4,
3,
4,
2,
3,
3,
4,
4l
3,
4,
3,
3,
4,
3,
4,
4l
3,
4,
3,
3,
4,
4,
3,

3,
4,
4,
3,
4,
3,
3,
4,
3,
4t
2,
3,
3,
4l
4,
3,
4,
3,
3,
4l
3,
4l
4,
3,
4,
3,
3,
4,
4,
3,
3,
2,
3,
4,
4,
3,
3,
4,
2,
3,
2,
3,
I,
2,
4,
3,
3,
4,
3,
4,
2,
3,
4,
3,
3,
4,
3,
4,
2,
3,
3,
4.
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3,
4l
3,
4,
4,
3,
L,
2,
2,
3,
2,
3,
3,
4,
2,
3,
3,
4,
3.
4,
4,
3,
2,
3,
3,
4,
3,
4,
4,
3,
3,
4,
4,
3,
4,
3,
3,
4,
2,
3,
3,
4,
3,
4,
4,
3,
3,
4,
4,
3,
4,
3,
3,
4,
3,
4,
4,
3,
4,
3,
3,
2,

2,
3,
4,
3,
3,
4,
2,
3,
3,
4,
3,
4l
4,
3,
3,
4,
4,
3,
4,
3,
3,
4,
3,
4,
4t
3,
4,
3,
3,
4,
4.
3,
3.
2,
3,
4,
4,
3,
3,
4,
4,
3,
4,
3,
3,
4,
4r
3,
3,
4,
3,
4l
2,
3,
4,
3,
3,
4,
3,
4,
4,
3,

4,
3,
4,
3,
3,
4,
2,
3,
3,
4,
3,
4l
4,
3,
3,
4,
4,
3,
4,
3,
3,
4,
3,
4,
4o

3,
4,
3,
3,
4,
4,
3,
3,
4,
3,
2,
4,
3,
3,
4,
4,
3,
4t
3,
3,
4,
4,
3,
3,
2,
3,
4,
4,
3,
4,
3,
3,
4,
3,
4,
4,
3,

3,
4,
3,
4,
4,
3,
3r
4,
4,
3,
4,
3,
3,
4,
4,
3,
3,
4.
3,
4,
4,
3,
4,
3,
3,
4,
3,
4,
2t
3,
3,
4,
4,
3,
4,
3,
3,
4,
4.
3,
3,
4,
3,
2,
4,
3,
3,
4,
4,
3,
4l
3,
3,
4,
3,
4,
4,
3,
4,
3,
3,
4,

4,
3,
2,
3,
3,
4,
2l
3,
3,
4,
3,
4,
4,
3,
3,
4,
4l
3,
4,
3,
3,
4,
3,
4,
4,
3,
4,
3,
3,
2,
4,
3,
3,
4,
3,
4,
4,
3,
3,
4l
4,
3,
4,
3,
3,
2,
4.
3,
3,
4,
3,
4,
4,
3,
4,
3,
3,
2,
3,
2,
2,
t,

3,
4,
3,
4,
4,
3,
3,
4,
4,
3,
4,
3,
3,
4,
4,
3,
3,
4,
3,
2,
4,
3,
4,
3,
3,
4,
3,
4,
4,
3,
3,
4,
4,
3,
4.
3,
3,
4,
4,
3,
3,
4,
3,
4,
4,
3,
3,
4,
4r
3,
4l
3,
3,
4,
3,
4,
4,
3.
4,
3,
3,
2,

3,
2,
3,
4,
4,
3,
3,
4,
4,
3,
4,
3,
3l
4,,4,

3,
3,
4,
3.
4,
2,
3,
4,
3,
3,
4,
3,
4,
4,
3,
3,
4,
4.
3,
4,
3,
3,
4,
4,
3,
3,
4,
3,
4,
4t
3,
3,
4,
4,
3,
4,
3,
3t
4,
3,
4,
4,
3,
4,
3,
3,
2,

4,
3,
4,
3,
3,
4,
4,
3,
3,
2,
3,
4,
4,
3,
3,
4,
4?
3,
4,
3,
3,
4,
3,
4l
4,
3,
4,
3,
3,
4,
2,
3,
3,
4,
3,
4,
4,
3,
3,
4,
4,
3,
4,
3,
3,
4,
2,
3,
3,
4,
3,
4,
4,
3,
2,
3,
3,
4l
3,
4,
4,
3,
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4.
3,
3,
4.
3,
4.
4,
3,
a

3,
3,
4,
3,
4l
4l
3,
3,
4t
4,
3,
4,
3,
3,
4,
3,
4,
4l
3,
4,
3,
3,
4l
4,
3,
3,
4,
3,
4,
2,
3,
3,
4,
4,
3,
4l
3,
3,
4,
4,
3,
3,
4.
3,
4t
4,
3,
4,
3,
3,
4,
3,
4,

3,
4,
4,
3,
4l
3,
3,
4,
3,
4,
4,
3,
4l
3,
3,
4,
4,
3,
3,
4,
3,
2,
4,
3,
4,
3,
3,
4,
3,
4,
4l
3,
3,
4l
4,
3,
4,
3,
3,
4l
4,
3,
3,
2,
3,
4,
4,
3,
3,
4,
4,
3,
4,
3,
3,
4,
3,
4,
4,
3,
2,
3,

3,
4.
4,
3,
4,
3,
3,
4,
3,
4,
4,
3,
4,
3,
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00000,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00 00 0,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
0 450 0,
00000,
000 0 0,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00020,
0 0000,
00 00 0,
00000,
00000,
00000,
00000,
00000,
00010,
00000,
00000,
00000,
02 0 03,

00000,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
0 00 00,
00000,
00000,
00000,
000 0 0,
0 0 011,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
03000,
0 000 0,
0 000 0,
00000,
00200,
00 0 00,
00044,
00022,
0 0 011,
00000,
00000,
00 000,
00000,
00000,
00000,
00000,
00302,
00000,
00000,
00000,
014 0 0,
00000,
000 4 4,
06000,
0 0 011,
00000,
00000,
00000,
04020,
00000,
00044,
0 0 401,
00010,
0 0 000,
00044,
0 0110,
00044,

00000,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
000 0 0,
00000,
00000,
0 0 011,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00042,
00000,
00000,
00000,
00004,
00000,
02020,
012 0 0,
0000 4,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
02404,
00000,
00000,
00000,
0 0140,
00000,
04002,
01200,
0 0 011,
00000,
00000,
00000,
04020,
00000,
0 0101,
012 0 0,
0 0 010,
00000,
00410,
012 0 0,
00004,

00000,
00000,
00000,
00000,
00000,
00000,
00000,
0 0 011,
00000,
00000,
00000,
0 0 011,
00000,
0 0 011,
0 0 011,
00 011,
00000,
00000,
00000,
04020,
00000,
00 600,
0 010 4,
0 0 011,
00000,
0Lt02,
02440,
00004,
04000,
0 0 011,
0 0 011,
0 0 011,
00000,
00000,
00000,
04020,
00000,
0100 0,
00040,
0 0 011,
00000,
02200,
00 00 6,
00006,
00s20,
0 0 011,
00006,
00 0 11,
00000,
04020,
04020,
04020,
020t2,
00044,
00040,
04020,
00001,
0 0 001,
00001,
04020,

00000,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00 00 0,
00000,
00000,
00000,
02240,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
0 0 010,
00 00 0,
00000,
00000,
00004,
00000,
01001,
00022,
00004,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
0 0 010,
00000,
00000,
00000,
0140 0,
00000,
04002,
0 0105,
00 010,
00000,
00000,
00000,
00010,
00000,
0 0 010,
00 0 10,
00010,
00000,
0032 0,
04040,
00004,

00000,
00000,
00000,
00000,
00000,
0000 0,
00000,
04004,
00000,
00 000,
00000,
01400,
00000,
00 10 0,
00022,
0 0 011,
00000,
00 00 0,
00000,
0 014 t,
00000,
00600,
00022,
00010,
00000,
0 60 10,
00022,
00004,
00022,
00022,
00022,
00022,
000 0 0,
00000,
00000,
0 1400,
00000,
0202L,
00040,
0 0 010,
00000,
0140 0,
01400,
01400,
002L0,
00044,
00022,
01400,
00000,
00002,
02204,
00002,
0s100,
00002,
0 0 010,
0 0 010,
0 00 01,
0 00 01,
00001,
01400,

00000,
00000,
00000,
00000,
00000,
00000,
00000,
0LL20,
00000,
00000,
00000,
00004,
00000,
04002,
00400,
00004,
00000,
00000,
00000,
00004,
00000,
00600,
0 500 1,
00004,
00000,
00004,
00004,
00004,
001s0,
00004,
00004,
00004,
00000,
00000,
00000,
0020t,
00000,
04002,
00040,
0001 0,
00000,
0 4002,
02030,
00004,
04002,
04002 t
00040,
0 4002,
00000,
030 4 0,
0 0 502,
00004,
00024,
0 0 010,
0 0 010,
0 0010,
00 0 01,
0 0 001,
00001,
00004,

00000,
00000,
00000,
02002,
00000,
00600,
00040,
0 0 011,
00000,
00060,
0 430 0,
00004,
03004,
0 0 011,
00 011,
0 0 011.,
00000,
00500,
01010,
00004,
00600,
00600,
00022,
00 50 0,
00001,
00001,
00001,
00004,
00001,
00500,
00022,
00004,
00000,
00 11 4,
00040,
00040,
00040,
00040,
00040,
00040,
00001,
00001,
00001,
01400,
00001,
04002,
00040,
0 0 011,
00001,
0 00 01,
00001,
04020,
00001,
00600,
00040,
0 0 010,
00001,
00001,
00 0 01,
00001,
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Head6r Files

00000,
00044,
012 0 0,
0 0 010,
00000,
00 000,
00 000,
00000,
00000,
00000,
0 0 000,
00000,
00000,
0000 0,
00000,
00000,
00000,
0 0 000,
000 00,
00 02 0,
00000,
00000,
00000,
00 00 0,
00000,
00000,
00000,
030 00,
00000,
00 0 00,
00000,
00004,
00000,
002L2.
00041,
00004,
00000,
00 000,
00000,
00 00 0,
00000,
00000,
0 000 0,
00020,
000 00,
00000,
00000,
00020,
00000,
00020,
00020,
00020,
00000,
00000,
00000,
0 0 640,
0000 0,
0 0 101,
04006,
0 00 10,
00 000,
0s0 00,

000 44,
00044,
00022,
00044,
00 00 0,
00000,
00000,
00000,
00000,
00000,
00000,
030 0 0,
00000,
00000,
00000,
0 40 42,
00 00 0,
0 010 0,
00604,
00 0 11,
00000,
00000,
00000,
03000,
00000,
0300 0,
03000,
030 00,
0 0000,
0042L,
00 1 10,
00004,
04000,
00 0 44,
00022,
0300 0,
00000,
00000,
0000 0;
0 0 005,
0 000 0,
0 4 410,
000 4 0,
0000s,
00000,
02200,
0 0110,
0 0 00s,
0 10 03,
00020,
00 02 0,
00020,
00000,
0 0 002,
00110,
00002,
00220,
0 0002,
0 00 40,
030 0 0,
0 0110,
0 0 002,

01200,
00044,
0t200,
012 0 0,
00000,
00000,
00000,
00000,
00000,
00000,
0 000 0,
04200,
00000,
00000,
00000,
0 000 4,
0 000 0,
0 1440,
02L02,
00004,
00000,
0 000 0,
00000,
00004,
00000,
0 0101,
0 0 430,
00 00 4,
00000,
0 000 4,
0 0004,
00 00 4,
0 400 0,
0 000 4,
0 0004,
0000e,
00 00 0,
00000,
0 000 0,
0 1012,
0 0 000,
0 0101,
0 00 40,
0 0020,
0 0 000,
02200,
0 4 401,
0 000 4,
0 0 014,
00 014,
0 0 014,
0 002 0,
00 000,
0 0101,
020 0 0,
00 0 04,
0 0 101,
0 0101,
00040,
00101,
00062,
00004,

00001,
000 44,
012 0 0,
0 0 011,
00000,
00000,
00000,
0 0s0 0,
00000,
00026,
00040,
0 0 011,
00000,
02200 |
0L020,
00004,
04000,
0 00 11,
000 11,
0 0011,
00000,
0 0 0s0,
00203,
0 000 4,
0 400 0,
00026,
00040,
030 00,
0 400 0,
00004,
00004,
000 04,
040 0 0,
0 400 0,
0 4000,
0 00 04,
00000,
02200,
0 0040,
0 0 005,
00 0 40,
00025t
0 00 40,
00040,
02200,
02200 t
000 0 6,
02200,
00 014,
02200,
000 40,
0 001 1,
0 1404,
000 02,
0 00 40,
04020,
00 040,
0010 1,
0 00 40,
0 00 40,
0 0 001,
02200,

02400,
00 010,
0 0 010,
0 0 010,
00000,
00000,
00000,
00000,
000 0 0,
00 000,
00000,
0 0 403,
000 0 0,
000 0 0,
0 0000,
00004,
00000,
00 10 0,
0501 0,
00004,
00000,
00000,
00000,
00004,
00000,
0 40 50,
0030 0,
0000 4,
0 0000,
00004,
00004,
0000 4,
02400,
0 0004,
00004,
00004,
0000 0,
00000,
000 0 0,
0 610 0,
00000,
0L204,
0 0 040,
0 0 010,
000 0 0,
00051,
00202,
00004,
02400,
0 002 0,
00020,
00020,
00000,
00002,
0L02t,
00002,
02400,
00 0 02,
000 10,
00 010,
02400,
00002,

00001,
00044,
00022,
00010,
00000,
00000,
00000,
0 02 30,
00000,
0 010 0,
00040,
00040,
00000,
0 010 0,
02007,
00004,
00 10 0,
0 010 0,
00022,
00100,
00000,
00002,
04400,
00002,
0 0 015,
00002,
000r.5,
03000,
01240,
00002,
00004,
00004,
0 0 015,
0 010 0,
00022,
00004,
00000,
00002,
00040,
0 00 02,
00040,
00002,
0 00 40,
00040,
0 4024,
00002,
00040,
014 0 0,
00040,
0 010 0,
00040,
00020,
00 002,
00002,
00002,
00002,
00002,
0 0002,
00040,
00002,
00001,
00002,

00001,
04002 |
0t200,
00004,
00000,
00000,
00000,
00004,
00000,
02010,
00040,
00004,
00000,
00004,
00004,
00004,
0022L,
00004,
00004,
00004,
00000,
00004,
00004,
00004,
010 02,
00004,
00004,
00004,
00004,
00004,
00004,
00004,
00004,
00004,
00004,
00004,
00000,
00420 |
00040,
00004,
00040,
00040,
00040,
00040,
0110 0,
00004,
00004,
00004,
0 0 014,
0 4002,
00040,
00004,
042L0 |
00002,
0 000 4,
00004,
00024,
0 0101,
00040,
00004,
00001,
00004,

00001,
00001,
00001,
02L00,
00000,
0 50 01,
00040,
00004,
00040,
00026,
00040,
00040,
004L2,
00004,
00004,
00004,
00040,
0 010 0,
00040,
00004,
02L20,
00002,
00004,
00004,
00 0 ls,
00600,
00040,
00004,
0 0 001,
000 0 4,
00004,
00004,
04000,
00004,
00004,
00004,
0 00 40,
00002,
00040,
00040,
0 00 40,
00040,
00040,
00040,
0 0 001,
02200,
00040,
00004,
00040,
00040,
00 04 0,
00040,
00001,
00 0 02,
00040,
00002,
0 00 40,
00002,
00040,
00040,
00 0 01,
00 00 1,
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Header Files

0 0110 ,
00004,
02400 t
00020,
0 0 020,
00020,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
0000 0,
00 00 0,
00000,
000 0 0,
010 0 6,
000 0 0,
000 0 0,
00000,
000 0 0,
00000,
00 0 00,
000 00,
00010,
00000,
00 00 0,
00 000,
00200,
00000,
02020,
000 41,
0 0010,
00000,
00000,
00000,
0 000 0,
00000,
00000,
0 000 0,
0 0 010,
00000,
00000,
00000,
0 0140,
00000,
0 0 501,
0 50 00,
0 0 010,
00000,
0 000 0,
00000,
0 0 010,
00000,
0 0 010,
0 0 010,
0 0 010,

0 0 110,
0 0 110,
00044,
00044,
0 0 110,
00020,
0 0 000,
0 000 0,
0 0 000,
0 0000,
00000,
0 0 000,
00000,
00460,
00000,
00000,
00000,
00200,
00000,
0 010 0,
05000,
0 0 011-,
00000,
00000,
00000,
00200,
00000,
040 03,
00 10 4,
00 0 10,
00000,
002 0 0,
002 0 0,
002 0 0,
0 1410,
00 0 44,
00022,
00200,
00000,
00000,
00000,
00 0 0s,
00000,
010 0 0,
06000,
0000s,
00000,
00032,
06000,
00 0 0s,
0 50 00,
00032,
05000,
06000,
00000,
02s0 0,
0L042,
0 0 00s,
00220,
0 00 10,
0 0 010,
0 0 010,

00004,
00004,
0 0 014,
0 0101,
012 0 0,
00004,
00000,
00000,
00000,
00000,
00000,
0 000 0,
000 0 0,
04200,
000 0 0,
00000,
00000,
00 1 40,
00000,
02020,
00400,
0 0 011,
00000,
00000,
00000,
01401,
00000,
02020,
0 0 104,
0 0 010,
00000,
02020,
040L2,
00004,
02020,
02020,
00041,
02020,
00000,
00000,
00000,
0 0 140,
00000,
010 0 0,
0 0 023,
0 0 010,
0 0 000,
0 014 0,
0 014 0,
0 014 0,
0 0 014,
0 0 014,
0 0 014,
0 0 140,
00000,
00206,
02 0 00,
0 0 010,
04440,
0 0 010,
00 010,
0 0 010,

00110,
00004,
04000,
00044,
00040,
00402,
00000,
00000,
00000,
02002,
00000,
0 100 0,
0 010 4,
0 0 011,
00000,
04404,
0 1020,
0 0 011,
00242,
0 0 011,
0 00 11,
0 0 011,
00000,
0 0 050,
0 010 4,
0 0 0s0,
0 010 4,
0 00s0,
0 010 4,
0 010 4,
00001,
0 00 01,
00001,
0 02 00,
00001,
02020,
0 0 104,
0 0 011,
00000,
0 10 00,
0 0 510,
00005,
010 00,
0 10 00,
0 0 023,
010 0 0,
00001,
0 0 001,
0 0 001,
0 014 0,
0 0 001,
0 10 00,
06000,
0 0 011,
0 0 001,
0 0 001,
0 0 001,
04020,
0 0 001,
0 100 0,
0 010 4,
0 0 010,

00004,
00004,
02400,
02400,
02400,
00004,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
0 0 010,
00000,
00000,
00000,
0402L,
00000,
0 010 0,
00400,
0 0 010,
0 0 000,
00000,
00000,
0 0 010,
00000,
0 0 010,
0 0 010,
0 0 010,
0 00 00,
00442,
03100,
0 0 004,
04204,
0 00 10,
0 00 10,
0 0010,
0 0000,
0 0 000,
00000,
0 0010,
0 00 00,
0 00 10,
0 00 10,
0 00 10,
00000,
02004.,
00202,
0 00 10,
0 10 50,
00010,
000 10,
00010,
00000,
000 10,
00010,
0 0 010,
0 0 010,
0 0 010,
0 00 10,
00 0 10,

00110,
00002,
02400,
00002,
00022,
04?0L,
00000,
000 0 0,
00000,
02002,
00000,
00100,
0t20L,
0 0 010,
00000,
00 10 0,
0 0 054,
00054,
00100,
00100,
00022,
0 010 0,
00000,
0L024,
04400,
0 0 010,
02040,
00010,
0 0010,
0 00 10,
00001,
0000 1,
0000 1,
00200,
0000 1,
0 0 100,
00022,
000 10,
00000,
04240,
00120,
0 0005,
00 40 5,
000 10,
00 0 10,
0 00 10,
00001,
00001,
00001,
0 1400,
00 0 01,
00 100,
06000,
00 0 10,
00001,
00001,
00001,
0 0 010,
00 00 1,
0 0 010,
0 0010,
0 00 10,

00004,
00004,
02400,
00004,
00004,
00004,
00000,
00000,
00000,
02002,
00000,
00045,
00400,
00010,
00000,
OL?LO,
00400,
00004,
00400,
00045,
00400,
00400,
00000,
0 410 0,
00260,
00004,
0L002,
0 0 010,
0 0 010,
00 01 0,
0 0 001,
0 0 001,
0000 1,
0000 4,
0 000 1,
02020,
00400,
0000 4,
0 0 000,
00420,
0500 4,
000 1 0,
02 30 0,
000 10,
0 0 010,
0 0 010,
00001,
00001,
00001,
0 0 140,
00001,
04002,
0 0 400,
0 0 010,
0 0 001,
00 00 1,
00001,
0 0 010,
0 0 001,
0 0 010,
0 0 010,
00010,

00001,
00004,
00001,
0 1030,
00040,
00004,
00000,
02002,
02002,
02002,
0 4 030,
00045,
00040,
02002,
00001,
00001,
00001,
02002,
00001,
0 010 0,
00400,
0 0 011,
00001,
00001,
00001,
02002,
00001,
00600,
0 010 4,
00 0 10,
00001,
00001,
00001,
00001,
00001,
00001,
00001,
0s0 4 0,
00001,
0 00 01,
00001,
020021
00001,
010 0 0,
00040,
0 0 010,
00001,
0 0 001,
00001,
0 0 001,
0 0 001,
00001,
0 00 01,
00224,
000 0 1,
00001,
000 0 1,
00 0 01,
00001,
00001,
00001,
0 0 010,
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'i{:'bs Header Files

00000, 00001, 00001, 00001, 00001, 00001, 00001, 00001,
05000, 00001, 00001, 00001, 00001, 00001, 00001, 0ooo1,
00424, 00001, 00001, 00001, 00001, 00001, 00001, oooo1,
00010, 00200, 00140, 00001, 00010, 00001, 00001, OO00l_,
00102, 00001, 00001, 00001, 00001, 00001, 0ooo1, o0ooL,
00010, 00044, 02020, 00001, 00010, 00001, oooo1, oooo1,
00010, 06000, 01200, 00001, 00010, 00001, 00001, 0ooo1,
00010, 00010, 00010, 00402, 00010, 00010, o0o10, 00001,
00000, 00000, 00000, 00000, 00000, 00000, 0oooo, oo2o4,
00000, 00000, 00000, 00050, 00000, 00100, oo42o, oo050,
00000, 00000, 00000, 01020, 00000, 04400, 00111, OOO4O,
00000, 00005, 04200, 00005, 01040, 00005, ooo04, o2oo2,
00000, 00000, 00000, 02401, 00000, 00100, o1o02, 00040,
00000, 00100, 04200, 00026, 00100, 00100, ooo45, o010o,
00000, 000]-2, 04200, 000L2, 02024, 00012, OO04O, 0OO4O,
04200, 00005, 04200, 04200, 00010, 00100, o42oo, ooo2l,
00000, 00000, 00000, 0t020, 00000, 00100, 05040, OOO01,
00000, 00100, 00003, 00003, 00100, 00100, o0oo3, o01oo,
00000, 01020, 0t020, 0t020, 00202, 00054, ooo04, 01020,
024L0, 00005, 00003, 01020, 00004, 00100, ooo04, ooo04,
00000, 00100, 00014, 00014, 00100, 00100, ooo14, o010O,
00100, 00100, 00003, 00100, 00100, 0o1oo, 0o1oo, oo1oo,
00041, 00012, 00014, 0t020, 00041, 00100, oo40o, 00040,
00020, 00100, 04200t 00011, 00100, 00100, 0ooo4, o01oo,
00000, 00000, 00000, 00050, 00000, 04400, 01002, OOOO1,
00000, 00050, 00050, 00050, 0220t, oo002, ooo04, ooo5o,
00000, 04400, 02000, 00050, 04400, 04400, 00004, 04400,
00t22, 00005, 00004, 00050, 00004, o44oo, oooo4, oooo4,
00000, 00220, 0t002, 00050, 01002, ooo15, oloo2, OLOO2t
00404, 00050, 00050, 00050, 00010, oo1oo, otoo2, ooo2t,
00041, 000L2, 00041, 00104, OOO1O, 04400, O1O02, OOOTL,
00010, 03000, 04200, 00021, 00010, 0oo10, oooo4, ooo2t,
00000, 02006, 00?00, 00001, 00030, oooo1, 00001, 00001,
05000, 00050, 00003, 00050, 00004, 00100, oooo4, oo0o1,
00041, 00041, 00004, 01020, 00004, o44oo, oooo4, oooo1,
00004, 00200, 00004, 00004, 00004, oo0o4, oooo4, 0ooo4,
00041, 00041, 00014, 04000, 00030, 00100, oLoo2, 00001,
00041, 00100, 02020, 00050, 00100, oo1o0, 00004, oo1oo,
00041, 00041, 000rt1, 00041, 00041, OOO22, 00004, OZ2IO,
00041, 00041, 00004, 00402, oooo4, 0o1oo, oooo4, oooo4,
00000, 00000, 00000, 04t02, 0oooo, 03010, oo42o, 0ooo1,
00000, 00005, 00420, 00005, oo42o, 00002, oo42o, oo42o,
00000, 00005, 02000, 00005, oo2o2, oo0o5, ooo4o, oo04o,
00005, 00005, 00005, 00005, 00005, oooo5, oo42o, 00005,
00000, 00220, 00014, 00014, o4oo1, 00040, 00014, oo04o,
02042, 00005, 00014, 01000, 0oo1o, 00100, oo42o, o0o4o,
01500, 00005, 00014, 00040, ooo10, ooo40, 00040, 0oo4o,
00005, 00005, 04200, 00005, 00010, ooo05, 00010, o0o4o,
00000, 00440, 00014, 00001, 00202, oo0o1, oo0o1. oooo1,
05000, 00005, 00003, 02200, ooo51, oo10o, oo42o, opoo1,
00202, 00005, 00014, 0t020, oo2o2, oo2o2, oo2o2, 0ooo1,
00005, 00005, 00140, 00005, oo2o2, ooo05, ooo04, 04010,
00014, 00014, 00014, 00014, OOO14, 00100, 00014, O0OO1,
00014, 00100, 00014, ooo14, OO1OO, OO1OO, 00014, OO1OO,
00014, 05000, 00014, 00014, oO2O2, OOO4O, OOO14, OOO4O,
00020, 00005, 00014, 00402, OOO1O, 00100, 03001, 00040,
00000, 00220, 02000, 00001, 00144, 00001, 0ooo1, ooo0l_,
05000, 00002, 00050, 00050, ooo02, ooo02, oo42o, oooo1,
02000, 00005, 02000, 02000, 00010, o44oo, 02ooo, 00001,
00005, 00005, 02000, 00005, 00010, 00002, oooo4, 01300,
00220, 00220, 00014, 00220, OOO1O, OO22O, 01002, O0OO1,
00010, 00220, 00101, 00050, ooo1o, ooo02, oo01o, o60o4,
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0 0 010,
0 0 010,
050 0 0,
0s000,
00041,
0s0 0 0,
0 0 014,
050 0 0,
00041,
0 0 010,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00020,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00042,
00000,
000 0 0,
00000,
00200,
00000,
010 01,
020t4,
00020,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00020,
00000,
00000,
00000,
00020,
00000,
0 0 020,
00020,
00020,
00000,
00000,
00000,
0110 4,

00220,
00005,
00001,
0s000,
00r.10,
00005,
00220,
00044,
00041,
00402,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
04004,
00000,
00000,
00000,
0 02 00,
00000,
02402,
0114 0,
.00 011,
00000,
00000,
00000,
00200,
000 0 0,
00 13 0,
00401,
00042,
00000,
002 0 0,
00200,
00200,
04000,
00044,
00022,
002 0 0,
00000,
00000,
00000,
02'0s0,
00000,
010 0 0,
00401,
00020,
00000,
0 4101,
00005,
00005,
0 02 10,
00020,
00006,
00020,
00000,
00002,
00401,
00002,

02000,
0 0 010,
00001,
05000,
02000,
00004,
0 0 014,
0 0 014,
00014,
00402,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
00042,
00000,
00000,
00000,
07 0 00,
00000,
0 030 4,
00400,
0 0011,
0 000 0,
0 0000,
00000,
00042,
00000,
00042,
00042,
00042,
00000,
0 0 410,
00t2L,
00004,
0 400 0,
00042,
00042,
00042,
0 00 00,
00000,
00000,
0 02 01,
00000,
010 0 0,
0 4110,
0 0 020,
0 0 000,
0 0 410,
00005,
00006,
0204t,
00020,
00006,
0 0 020,
00000,
0 0 410,
02000,
00042,

00040,
00402,
00001,
00001,
00001,
00 402,
00001,
00402,
00402,
00402,
00000,
00000,
00000,
00 s0 0,
00000,
010 0 0,
02220,
0 0 011,
00000,
0 00 50,
00006,
00006,
04000,
0 0 011,
00006,
0 0011,
00000,
02 0 05,
0 10 10,
00042,
04000,
00042,
00042,
00042,
04000,
00060,
00006,
0 020 0,
04000,
04000,
04000,
0 0 011,
00000,
010 0 0,
00005,
00006,
01000,
0100 0,
00006,
010 0 0,
00006,
00006,
00006,
00006,
00005,
010 0 0,
00006,
00006,
00340,
00002,
00005,
04020,

0 0 010,
0 0 010,
00001,
05000,
00202,
00004,
02400,
000t 0,
0 0 010,
0 0 010,
00000,
00000,
00000,
00000,
00000,
00000,
00000,
04004,
00000,
00000,
00000,
00tL2,
00000,
0 100 1,
00400,
00020,
00000,
00000,
00000,
02420,
00000,
010 01,
0 030 0,
0 0 010,
00000,
010 01,
04040,
00004,
010 01,
010 01,
00022,
010 01,
00000,
00000,
00000,
0 02 01,
00000,
00540,
03002,
00010,
00000,
02004,
04040,
00020,
00210,
00020,
00020,
00020,
00000,
00002,
04040,
00002,

0 0 010,
0 0 010,
00001,
00001,
00001,
02060,
00001,
0 010 0,
010 0 4,
0 0 010,
00000,
00000,
00000,
04004,
00000,
04004,
04004,
04004,
00000,
00060,
02 0 01,
0 00 50,
0 02 10,
00 0 50,
00022,
04004,
00000,
0 00 02,
01010,
00002,
02040,
00002,
00022,
0 400 4,
0 0504,
00002,
00022,
0 020 0,
00022,
010 01',
00022,
00022,
0 0 000,
00002,
0 012 0,
00002,
0 0210 ,
00002,
00040,
04004,
0 02 10,
00002,
00006,
01400,
0 0210,
0 0210 ,
0 0210 ,
0 002 0,
00002,
00 0 02,
00002,
00002,

0 0 010,
00010,
00001,
00001,
00001,
00004,
00001,
00240 |
04L20,
00004,
00000,
00000,
00000,
0 020 1,
00000,
02 010,
0 0 400,
00042,
00000,
00060,
00400,
00004,
00400,
00050,
00400,
00400,
00000,
0 4 100,
01010,
00004,
00024,
00024,
00024,
00042,
02202,
00004,
00004,
00004,
00024,
010 01,
00400,
00004,
00000,
0020t,
0 02 01,
0 020 r.,
00024,
00024,
00024,
0 02 01,
0110 0,
00060,
00006,
0020 1,
00024,
04002,
00400,
00020,
00024,
00002,
00024,
0 02 01,

00040,
00010,
00001,
00001,
00001,
00001,
00001,
0000r.,
00001,
00402,
00000,
00050,
01010,
00050,
0 0103,
00060,
00040,
04004,
00050,
00060,
00006,
00050,
00060,
00050,
00400,
0001r.,
01010 ,
00002,
01010,
01010 ,
00024,
00600,
01010,
0 0 021,
00001,
00050,
01010,
00004,
04000,
0 0 015,
00022,
02t00,
05400,
00002,
0000 6,
0 02 01,
00024,
010 0 0,
00040,
00040,
00001,
00060,
00005,
00006,
002t0,
00060,
00005,
0210 0,
00001,
00002,
01010,
00002,
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l
00000,00401,
06200,00002,
00401, 00401,
00010, 00401,
00000,03020,
00410,00002,
04040,00006,
00020,00200,
00102,00044,
00020,00044,
00020,00401,
00020,00020,
00000,00000,
00000,00000,
00000,00000,
00000,00500,
00000,00000,
00000,0024t,
00000,00012,
00020,00012,
00000,00000,
00000,01014,
00000,0200t,
0a020, 00020,
00000,04000,
00020, 00020,
00020,000t2,
00020,00020,
00000,00000,
00000,00002,
00000,00064,
04011,00002,
00000,04000,
00404,00002,
00300,00012,
00020,03000,
00000,04000,
02]^40, 00002,
01402,00064,
00004,00200,
04000,04000,
00020,04000,
00020,04000,
00020, 00020,
00000,00000,
00000,00002,
00000, 05200,
00020,00002,
00000,02104,
00020,00002,
00020,00012,
00020,00020,
00000,00440,
00020,00002,
00020,00006,
00020,00020,
00020, 00020,
00020,00020,
00020,00020,
00020,00020,
00000,00002,
00002,00002,

00024, 00024, 00024, 00002,
00024, 01000, 00002, 00002,
00024, 00401, o0010, 00401,
00042, 00042, o001o, 00002,
00410, 00001, 04040, 00001,
00410, 00410, 00002, 00002,
00005, 00005, 04040, o4040,
00410, 00006, 04040, 00002,
00024, 04000, 00024, 002t0,
00410, 00044, 01001, 00002,
0L200 , 0 0 0 0 6, 0 4 0 4 0, 00022 ,
00020, 02L00, 00010, 02100,
00000, 00000, 00000, 00000,
00000, 00500, 00000, 00002,
00000, 00500, 00000, 0200\,
00500, 00500, 01040, 00002,
00000, 04000, 00000, 0t420,
020t0 , 00026 , 02 0 1 0, 0 0 0 02,
01005, 00012, 00300, 0ooL2,
00020, 00500, 00020, 04004,
0 0 0 0 0, 0 4 0 0 0, 0 0 0 0 0, 02001,
00003, 00003, o45oo, 0oo02,
00250, 00006, 0200L, 02001,
00003, 00500, 00004, 02001,
04000, 04000, 00045, 00046,
00003, 04000, 00020, 00100,
00020, 04000, 00020, 02001,
00020, 00011, 00020, 00020,
00000, 04000, 00000, o0o02,
01220, 00002, 00002, 00002,
02000, 00064, 00300, 00002,
00004, 00500, 00002, 00002,
04000, 04000, 00300, 00002,
00042, 04000, 00002, 00002,
00042, 04000, 00300, 00300,
00042, 00021, 00300, 00002,
04000, 04000, 00030, 00002,
00003, 04000, 00002, 00002,
00004, 04000, 00004, 02001,
00004, 00004, 00004, 00002,
04000, 04000, 00030, 04000,
04000, 04000, 01001, 00002,
04000, 04000, 00300, 00022,
00004, 04000, 00004, 00450,
00000, 00031, 00000, ooo02,
04044, 00002, 00002, 00002,-
02 0 0 0, 0 0 0 0 5, 0 0 4 1 4, 0 0 0 02 ,
00020, 00500, 00002, 00002,
00602, 00031, 04001, 00002,
00020, 01000, 00002, 00002,
00020, 00040, 00020, 00040,
00020, 00020, 00020, 00002,
01100, 00005, 01100, 00002,
00003, 02200, 00002, 00002,
00006, 00006, 00020, 02001,
00020, 00005, 00020, 00002,
00014, 04000, 00020, 002L0,
00020, 00020, 00020, 00002,
00020, 00006, 00020, 00020,
00020, 00020, 00020, 00020,
02000, 00002, 00002, 00002,
00002, 00002, 00002, 00002,

00024,
00024,
00024,
0 0 010,
00001,
0 0 410,
04040,
00004,
00024,
00024,
0 0 013,
0210 0,
00000,
020t0,
04022,
00004,
020t0,
020L0,
00040,
02 010,
0110 0,
00003,
00004,
00004,
00046,
020L0,
00400,
00004,
00441,
00002,
00004,
00004,
00024,
020 1 0,
0 0 300,
00004,
00004,
0 000 4,
00004,
00004,
0 400 0,
00004,
00004,
00004,
0110 0,
00002,
00040,
0020L,
00024,
020t0,
00 0 40,
00020,
0110 0,
0110 0,
0 1 100,
00004,
0 r.10 0,
00020,
0 0 013,
00020,
00002,
00002,

00024,
00002,
00024,
0210 0 ,
0 00 01,
00001,
0 00 01,
02 10 0,
00001,
02t00,
02 100,
02 10 0,
00204,
00002,
00040,
00s00,
00040,
02 010,
00040,
00 02 1,
00060,
00 0 60,
02001,
00004,
04000,
00060,
00040,
0L202,
00002,
0 00 02,
01010,
0 0 002,
04000,
00002,
00021,
0 0 021,
04000,
00002,
00004,
00004,
04000,
04000,
04000,
00004,
00002,
00002,
00040,
00002,
00040,
00002,
00040,
00040,
0110 0,
00002,
00006,
0 4 010,
00040,
0 0 405,
00040,
00020,
0 0 002,
00 002,
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02000, 00002, 02000, 02000, 00002, 00002, 02000, 00002,
00002, 00002, 02000, 00002, 00002, 00002, 00002, 00002,
01050, 00002, 00024, 04000, 00002, 00002 , 00024, 00002,
00002, 00002, 00101, 00002, 00002, 00002, 00002, 00002,
00020, 00401, 02000, 00040, 00300, 00002, ooo13, 00040,
00020, 00002, 00020, 00214, 00002, 00002, 05400, 00002,
00205, 00002, 00062, 04000, 00002, 00002, 01100, 00001,
00002, 00002, 00410, 0a002, 00002, 00002, 00002, 00002,
00020, 00110, 02000, 00005, 04040, 00002, 00004, 00620,
00020, 00002, 00004, 01041, 00002, 00002, 00004, 00002,
00020, 04000, 04000, 04000, 02400, 00002, 00013, 04000,
00020, 00002, 00020, 04000, 00002, 00002, 00240, 00002,
00020, 00020, 00013, 04000, 00013, 01004, 00013, 00013,
00020, 00020, 00020, 00020, 00020, 00002, 00004, 02100,
00000, 00000, 00000, 00000, 00000, 0000.0, 00000, 00204,
00000, 00000, 00000, 01000, 00000, 00411, 04100, 00060,
00000, 00000, 00000, 04041, 00000, 00120, 00400, 00120,
00000, 00200, 00034, 00034, 01040, 00L20, 00034, 02002,
00000, 00000, 00000, 01000, 00000, 02040, 00400, 00103,
00000, 01000, 01000, 01000, 00222, 00100, 00045, 01000,
00000, 00012, 00400, 00012, 00400, 00012, 00400, 00400.
02101, 000L2, 00034, 01000, 00010, 04004, 00400, 00021,
00000, 00000, 00000, 02LL0, 00000, 05002, 00400, 00001,
00000, 00200, 00003, 00003, 02004, 00060, 00003, 00060,
00000, 00200, 00400, 00005, 00400, 00054, 00400, o04oo,
00200, 00200, 00003, 00200, 00112, 00200, 00400, 00050,
00000, 00025, 00400, 00025, 00400, 00025, 00400, 00400,
04050, 00025, 00003, 01000, 00100, 00100, 00400, ooo15,
00400, 00012, 00400, 00400, 00400, 00400, 00400, oo4oo,
00020, 00200, 00400, 00011, 00{00, 00043, 00400, 0o4oo,
00000, 00000, 00000, 00422, 00000, 02o4ot 04100, ooo01,
00000, 00200, 04100, 00050, 04100, 00002, 04100, o41OO,
00000, 00200, 02000, 00104, 00007, 0000?, oooo7, 01010,
00200, 00200, 00034, 00200, 00007, oo2oo, 04100, ooo2t,
00000, 02040, 002tL, 00104, 02040, 02040, ooo24, o2o4o,
00404, 00130, 00042, 01000, 00010, 02040, o41oo, 00016,
05020, 00012, 00042, 00104, 00007, o2o40, oo4oo, 00021,
00010, 00200, 00042, 0002L, 00010, 00010, ooo1o, ooo2t,
00000, 00200, 01044, 00001, 00030, 00001, 00001, oooo1,
00200, 00200, 00003, 00200, 00030, 00200, 04100, 00001,
00200, 00200, 00]-2L, 00200, 00007, 00200, 00400, oooo1,
00200, 00200, 00200, 00200, 00200, 00200, 00004, o02oo,
00102, 00025, 00102, 04000, 00030, o2o4o, oo4o0, 00001,
00102, 00200, 02020, 00016, 01001, 00015, 00016, 00016,
00041, 00200, 00400, 00070, 00400, 00022, oo40o, 00400,
00200, 00200, 00042, 00200, 00010, 00200, 00400, 00016,
00000, 00000, 00000, 01000, 00000, 00120, ooo52, oooo1,
00000, 01000, 01000, 01000, 02004, 0oo02, ooo52, o10oo,
00000, 00t20, 02000, 00006, 00120, oo12o, 00052, 00120,
04402, 00005, 00034, 01000, 00010, 00120, 00201, ool2o,
00000, 01000, 01000, 01000, 04001t 0oL2o, ooo24, o1o0o,
01000, 01000, 01000, 01000, 00010, 010oo, 01ooo, o10oo,
00244, 00012, 00023, 01000, 00010, 00L20, o04oo, 00040,
00010, 01000, 01000, 01000, 00010, 0oo1o, ooo1o, 01000,
00000, 00440, 04220, 00001, 02004, 00001, oo0o1, 00001,
02004, 00032, 00003, 01000, 02004, 02004, o2oo4, ooo01,
01011, 00006, 00005, 00006, 00L20t 00120, 00400, o0oo1,
00020, 00200, 00140, 00006, 02004, 00043, oo14O, O4O1O,
00102, 00025, 00014, 01000, 00102, o021o, oo4oo, 00001,
00020, 01000, 01000, 01000, 02004, 00043, 00131, O10OO,
00020, 05000, 00400, 00005, 00400, 00043, oo40o, o04oo,
00020, 00020, 00020, 01000, 00010, 00043, o04oo, ooo43,
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00000,
00051,
02000,
0 0 010,
00102,
0 0 010,
0 0 010,
000 10,
00102,
00051,
00L02,
00200,
00 1 02,
0 0 102,
00t02,
0 00 10,
00000,
00000,
00000,
010 4 0,
00000,
00404 |
000L2,
0 0 012,
00000,
0'0003,
0 410 4,
00003,
03200,
0 0003,
0 0 012,
00020,
0 000 0,
00404,
02000,
00t22,
00404,
00404,
000t2,
00404,
0 0 030,
00003,
00030,
00200,
00030,
00404,
00041,
00020,
00000,
0 0310,
02000,
00005,
04001,
00020,
00012,
00020,
00440,
00003,
0 002 0,
0 0 020,
0 0 014,
00020,

0 4 014,
00002,
0 012 0,
0 02 00,
00L02,
010 0 0,
0 0 401,
0 0 010,'00001,
0 020 0,
0 020 0,
0 02 00,
00L02,
00044,
0 0070,
002 0 0,
0 000 0,
06020,
0 0 012,
00005,
00012,
00 0 12,
000L2,
0 0 012,
00440,
00 0 03,
000L2,
0020 0,
00012,
0 010 0,
000 12,
0 0 012,
01101,
0 0 002,
00 0 12,
00200,
0 00 12,
00404,
0 0 012,
0 0 012,
00 0 30,
00200,
00200,
002 00,
04000,
0 010 0,
0 0 012,
00200,
00440,
00002,
0000s,
0000s,
0 0 012,
010 0 0,
00012,
0000s,
00440,
00440,
00440,
0000s,
00440,
00020,

02000,
00051,
02000,
02000,
00024,
010 0 0,
02 0 00,
0 0 010,
00001,
0 0 410,
02 00 0,
0 014 0,
0 0102,
00102,
00070,
04005,
00000,
0 0 003,
02000,
00003,
0 0160,
00003,
000L2,
04200,
00003,
00003,
00003,
00003,
00 0 03,
00003,
00400,
0 0 003,
02 000,
00003,
02 00 0,
02 00 0,
0 0160,
00404,
02000,
0 0 021,
0 0 003,
00003,
02000,
0 0 003,
04000,
00003,
00041,
01110,
02000,
0 0 003,
02 0 00,
02000,
0 0 014,
01000,
02000,
00020,
00003,
0000.3,
02000,
00003,
0 0 014,
00003,

00001,
010 0 0,,
02000,
0 0113,
010 0 0,
010 0 0,
00070,
010 0 0,
00001,
0 00 01,
0 0 001,
0 02 00,
00001,
0 10 00,
000?0,
00070,
00204,
00003,
000L2,
0 0s0 0,
000t2,
010 0 0,
000L2,
000t2,
0 0 003,
00003,
0t020,
0 0 003,
04000,
0 0003,
0 0 012,
02044,
0 0050,
0 0 0s0,
02000,
0 0 021,
04000,
0 0 021,
000t2,
0 002 1,
0 4 000,
00003,
00t42,
0 02 00,
04000,
04000,
04000,
0 0 021,
0 0 031,
010 00,
02000,
0 0 00s,
010 0 0,
010 0 0,
000L2,
010 0 0,
00440,
00003,
00006,
0 4 010,
0 0 014,
01000,

0.160 0,
00002,
0.0007,
0 0 010,
0 0 010,
0 0 010,
0 0 010,
0 0 010,
00001,
02004,
0 40 40,
0 0 010,
00 102,
0 0 010,
00010,
0 0 010,
00000,
0 10 40,
01040.
010 4 0,
04001,
0 010 0,
0 0 012,
010 4 0,
00030,
00003,
00030,
010 40,
00 030,
0 0 100,
00400,
0 002 0,
0 0030,
00 0 02,
00007,
010 4 0,
0 0 030,
00404,
00300,.
0 0 010,
0 0 030,
0 00 30,
00030,
00004,
00 0 30,
00030.
00030,
06002,
04001,
00002,
00t20,
0 10 40,
04001,
04001,
04001,
0 0 010,
00030,
02004,
00202,
00020,
04001,
00020,

00001,
00002,
00120,
00002,
02040 t
00002.
0 0 010,
0 0 010,
00 0 01,
00 0 01,
00001,
00200,
00001,
04420,
010 0 4,
0 0 01.0,
00204,
00002,
0 0 012,
01040,
000r.2,
0 010 0,
00012,
0 0 012,
00030,
0 010 0,
02 0 01,
0 010 0,
0 010 0,
0 010 0,
0 0 012,
0 010 0,
0 0002,
00002,
04400,
00002,
02040,
00002,
0 0 012,
0 0 021,
00030,
0 00 02,
00030,
00200,
00030,
0 01.0 0,
010 0 4,
0 0 021,
00002.
00002,
00L20,
00002,
04001,
00002,
0 0 012,
02500,
00440,
00002,
00t20,
04010,
0 010 0,
00100,

00001,
0 410 0,
02000,
00010,
00024,
0 0 010,
0 0 010,
00010,
00001,
00001,
00 0 01,
0t022,
00001,
00240,
00400,
0 0 010,
00204,
00003,
0 0111,
010 4 0,
0 016 0,
02 010,
00400,
0 0 021,
00003,
00003,
00400,
00003,
00400,
00003,
00400,
00400,
00030,
0 410 0,
02000,
00004,
010 02,
0002L,
0002t,
0 0 021,
00030,
00003,
00004,
00004,
00030,
00240,
00400,
00004,
00052,
00420,
02000,
0 010 6,
04001,
0 010 5,
00040,
0 010 6,
0110 0,
00003,
0005s,
04010,
0 0 014,
00240,

00001,
00001,
00001,
00444,
00001,
010 0 0,
04202,
0 0 010,
0 00 01,
00001,
00001,
0 00 01,
00001,
00001,
00001,
02L00,
00204,
00204,
0020 4,
00021,
00204,
0 002 1,
000t2,
0 0 021,
0020 4,
0 0003,
00t42,
04 0 10,
0 010 0,
0 010 0,
00400,
0 0 021,
00204,
00002,
0002L,
0 002 1,
00 02 1,
0002L,
00021,
0002t,
0 000 1,
03400,
00142,
00004,
04000,
0 0 015,
0 002 1,
0002L,
0020 4,
00002,
00040,
0 40 10,
00040,
010 0 0,
00040,
0002L,
00001,
0 4 010,
04 0 10,
0 4 010,
02022,
0 010 0,
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00020,
00020,
02000,
00002,
02000,
02000,
00t02,
00404,
02000,
00010,
00030,
0s000,
02000,
00020,
0 0102,
00020,
00020,
00020,

0 0 012,
00020,
00002,
00002,
02000,
000 02,
00220,
0 00 02,
000L2,
0 4140,
0 0440,
00002,
0 0 110,
0 0200,
0 0102,
O2OLL,
0 1004,
00020,

000 1 4,
00020,
02000,
02 0 00,
020 00,
02000,
02000,
0 0 101,
02000,
020 00,
020 00,
000 03,
0200 0,
02000,
0 00 14,
00240,
02 00 0,
00020,

0 0 301,
00020,
02000,
00002,
02000,
02000,
00047,
010 0 0,
02000,
0 0 021,
00001,
00L24,
02000,
00t24,
04000,
00L24,
00070,
00402,

00020,
0 0 020,
0 0 002,
00002,
02000,
00 0 02,
0 40 01,
00002,
0 00 10,
00 010,
00030,
000 02,
00030,
0 0501,
0 0 030,
00240,
01004,
000 1 0,

01004,
00020,
00002,
00002,
00002,
00002,
00002,
00002,
01004,
00002,
00001,
00002,
010 0 4,
00002,
01004,
00002,
01004,
01004,

00400,
00020,
02000,
00002,
02000,
02000,
00024,
00240,
020 0 0,
00010,
00001,
00240,
02000,
00004,
00240,
00240,
0 00 13,
00240,

00040,
0 4 010,
00001,
00002,
02000,
00002,
0 0 510,
00002,
00021,
0 0 021,
00001,
00001,
00001,
0 4 010,
00001,
00240,
010 0 4,
00021 );
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