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Why so many myths?

Most amateur radio operators are not mathematicians by trade, so they can be forgiven for not being
fully aware of the developments in binary compression that began with seminal work in 1949 by
Shannon and Faso, and were first incorporated into amateur radio packet bulletin boards, by Jean-Paul
Roubelat FOFBB beginning in 1986, and then utilized by multiple groups. However the persistence of
certain totally-false myths even among some leadership in amateur radio is dangerous and quite
unhelpful. This document will attempt to debunk some of those myths with the actual facts in each
case [ will even provide a method for persons to easily prove to themselves the error of the first
myth. A longer discussion with more explanation finishes the document. .

MYTH #1: If you miss a single bit or byte of an LZHUF-compressed data stream, you cannot recover
anything from the data.

FACT: LZHUF is a "sliding window" compression/decompression algorithm, developed in the 80's.!
It was widely utilized in amateur radio, because a version became publicly available, with no legal
liability, and it works well for many different types of files. It is a serial algorithm that starts at the
beginning of a text (can be ASCII or binary, doesn't matter) and in effect, builds a "tree" of symbols
used to short the storage or transmission of recurrent character(s). It embeds this "tree" right along
with the data in a serial output stream as it goes along. (See later, fuller discussion.) If you capture the
beginning, you can decode the beginning. As you capture more and more of the compressed file
(which includes both compressed data and the tree as it goes along), you inherently gain the ability to
decode more and more of the file also. If you suddenly fail to capture a portion of the data stream, or
it is corrupted, you will find that from that point forward you get garble. It is not clear to me at this
time whether there could possibly be any way to "regain lock." Therefore I cannot make any statement
on that other than, at the moment, we do not know of a way to regain lock.

You do not have to just take my word for this, or the word of leaders who have also come to realize
this is the fact (or even believe people who claim this is incorrect). You can easily prove this for

1 A version widely used includes the comments: "written by Haruyasu Yoshizaki 11/20/1988  some minor changes
4/6/1989 comments translated by Haruhiko Okumura 4/7/1989"
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yourself, on your own computer. This is simple and straightforward and there is no reason for any
further argument on this issue.

1. Find any long text you can use for the experiment. I used a large selection of Part 97.

2. Download a copy of 1zhuf 1 .exe (for Windows, or a similar product for whatever your
operating system).

3. Compress your test file using 1zhuf 1.exe. The typical technique by all variants
I've seen goes like this (in a DOS window):

lzhuf l.exe e <inputfilename> <outputfilename>

The "e" here instructs lzhuf to COMPRESS. ("encode")
(if youjusttype lzhuf 1.exe <enter> with no arguments, most variants will
respond by printing the correct command syntax)

4. Now decompress the outputfilename you just created, to verify that you can both compress
and decompress. It does not destroy the compressed file, but it might be wise to make a copy
anyway for later use.

lzhuf l.exe d <inputfileforthispartofexperiment>
<anoutputfilename> (all on one line)

The "d" here instructs 1zhuf 1 to "decompress" and remember, your previous
compressed file will now be your INPUT and you need a new filename under which to
store your reconstructed text.

5. Verify that you got back an identical copy of your original file -- now you have proven your
ability to compress and decompress using this algorithm. (Use a word processor, or notepad, or
what application can view the file you chose to test.)

6. If you do not already have a BINARY FILE EDITOR, download and install one. The one
that I found and utilized is here; https://www.hhdsoftware.com/free-hex-editor

7. Using a BINARY FILE EDITOR, load in your compressed file, create above, and then
intentionally damage something in the middle --- I took several lines of hexadecimal data and
overwrote them with 0's. It will make your life easier if you don't shorten the file, because then
1zhuf will do some weird stuff and you may have to terminate the process to stop it. Been there,
done that. [Something I have to prevent in the work I am building to read WINLINK, by the
way -- a bit of error-checking goes a long way in writing code.....]

8. Now using your skills gained above at decompressing, decompress the intentionally-
damaged compressed file -- your output will show that it is READABLE right up to the point
that you damaged it....and the output past that point will be garbled.


https://www.hhdsoftware.com/free-hex-editor

DONE!! You now have proved it

I have also presented my reconstructed-from-intentionally-damaged-binary experiment in the
Appendix for your viewing, along with a screen shot showing how I intentionally damaged the
file with a binary editor.

Presuming that the FCC Comment system will allow me to upload files, I will attach suitable
examples from my own experiment. This was obvious from the published work of Huggins ---
see later discussion.



MYTH #2: WINLINK is unique, being the only system in amateur radio that uses data compression
and cannot be read if you miss a single bit or byte.

FACT: The first known usage of data compress in amateur radio (to me) was

#1 FBB Jean-Paul Roubelat who began in 1986 to develop a bulletin board system that utilized
LZHUF compression, same compression as WINLINK. His still-extant original source code can be
found on servers, dated 1999.

#2 WINLINK adopted his protocols.

#3 PAT-development further adopted those protocols and took them even farther, creating a new
transfer proposal (the "FD" transfer) using gzip in a very similar fashion.

#4 BPQ and other winlink compatible developments utilize the LZHUF system.

#5 D-RATS (heyday approximately 2010, over D-STAR) also used binary compression, and all facts
indicate it was.....LZHUF! D-RATS proponents had difficulty with LZHUF when computers went
from 32 bit operating systems to 64 bit operating systems precisely because of this.

#6 FLWRAP uses a Lempel Ziv Huffman compression.

#7 FLMSG uses a compression algorithm.

As to the mythical belief that any of these systems cannot produce some readable output from ASCII
data streams if any bit or byte is damaged, see the MYTH above.

There are other systems that also use some form of data compression, but just not with an individual-
instance-based compression table, of course. CW is a form of varicoding with a "lookup table" stored
in your head; PSK31 uses a varicode; and JS8 uses a Huffman-based packed messaging structure as
well as a "dictionary" to send items as much shorter symbols. These however, don't use an instance-
based table that changes from one contact to the next.



MYTH #3: With LZHUF-compressed data streams, you cannot read any of the text until the entire
data stream is finished.

FACT: Most users' experience parallels the myth above. However, in actual fact, this is merely
because designers never saw any reason to do it any other way, and walled off the 1zhuf compression
and decompression algorithm, generally as a separate subroutine in their code. In actual fact, it is a
serial sliding window algorithm, and beginning very soon after the first bytes of data, it is already
spitting out decompressed data. This means that if designers enmeshed the decompression with the
data receiver, there is no fundamental reason why one could not be reading the incoming text within a
few characters of it being received.



DETAILED DISCUSSION

MYTH #1: If you miss a single bit or byte of an LZHUF-compressed data stream, you cannot recover
anything from the data.

Multiple persons have claimed that if one loses any portion of an LZHUF-compressed file, it cannot be
reconstructed at all.>® *  As explanation, some respondents and filers have referred to this portion
from an email by Rick Muething:® ¢ ’

But if just one byte of the compressed message is not received correctly
it is impossible (well at least VERY difficult) to decompress the
message and get the original text or compressed files.

Sometimes without this additional text from Mr. Muething which adds some clarity but still does not
explain the actual situtation clearly:

So while it is technically feasible to monitor and decode (there is no
encryption of the message ...that is illegal on ham frequencies) it is
extremely difficult to recover a message completely by just monitoring.
wWith a lot of work and fancy software it might be possible to recover
parts of a message that is compressed but that is not very practical and
would require some tricky software (decompression with missing data) to
get anything.®

These reveal a misunderstanding or miscommuication of the actual effect of LZHUF 1.

Some persons point to this sentence by my trusted pactor-advisor, Hans-Peter Helfert, referring to
LZHUF decompression:

"In this case nearly all packets of a message must be read in order to obtain all decoding
information and then completely decompress the information to read it in plain language."’

But the good designer of pactor has since explained:

2 W6EM: https://forums.qrz.com/index.php?threads/huggins-did-it.667817/page-46#post-5159253

W6EM: https:/forums.qrz.com/index.php?threads/huggins-did-it.667817/page-43#post-5155300

4 Rappaport: "Winlink is unique among all data transmission systems in the Amateur Radio Service in that it: (1) relies
on advanced communications modes that effectively encrypt communications, which renders over-the-air decoding
impossible when an amateur operator experiences a single bit error; "

https://ecfsapi.fcc.gov/file/10719969503992/FINAL VERSION Siddall reply June 18.pdf

w

5 WO6EM: https://forums.qrz.com/index.php?threads/huggins-did-it.667817/page-9#post-5148919
6 ka2pbt.com: http://ka2pbt.com/winlink.txt

7 Kolarik: https:/forums.qrz.com/index.php?threads/arr]-
5163204

cited on ka2pbt.com: http://ka2pbt.com/winlink.txt
9  https://ecfsapi.fcc.gov/file/10417301289214/SCS_FCC Comment RM11831.pdf

roposes-change-to-hf-digital-rules.669297/page-18#post-

o]
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"LZHUF (used by Winlink) is a special case. It is a “serial” or “sliding” compression algorithm,
i.e. you do not need the entire file for decoding, but can immediately start decoding at the
beginning of a file transmission and display new data on the fly - in real time — until the first
missing packet. To further improve it, you even could use diversity reception.

An average Winlink e-mail is short and on a good channel usually only consists of a few
PACTOR packets. The probability of being able to read at least a large part of the message is
relatively high - and mainly dependends on the SNR at the monitoring site. If the SNR at the
monitoring site is higher than the SNR at the location of the ARQ information receiving station
(Winlink user), you will usually receive (almost) ALL packets, still depending on fading and
QRM,of course. So, in almost half of the cases, monitoring should be quite easy. That is
definitely not “effective encryption”.

The main problem with Winlink was just that no one bothered to write an LZHUF monitor
software. Of course, Gordon's software is just a demonstrator and, someone has to make a
piece of software that is easier to use.

The cost issue should not be a problem either, at least not for PACTOR. As we already
announced, we are working on a free PMON version for Raspberry Pi.

Actually, the parts only have to be put together: modem (software or hardware) and LZHUF
decoder software

| wonder why this has apparently not interested anyone for nearly 20 years.

73's de Peter, DLEMAA™ "

Amateur radio operators are not generally mathematicians and don't automatically understand the
common data compression algorithms in use all around us today, in almost every installation program,
on many hard drives, and in many modern communications. Claude Shannon and Robert Fano
developed Shannon-Fano compression in 1949, using shorter codes for more-often occurring symbols
in a data block, resulting in loss-less compression. Morse Code and PSK31 use shorter symbols for
more frequently occuring characters. !' David Huffman, a student of Robert Fano, wrote an even better
compression in 1951. Tables in loss-compression systems are often named "Huffman tables."
Abraham Lempel and Jacob Ziv developed the LZ77 algorithm in 1977, using a dictionary created by
software.”” LZHUF is a public domain offspring of those discovered.

10 Email personal communications to myself and an ARRL Board member, September 4, 2019

11 https://ethw.org/History_of Lossless Data_Compression_Algorithms
12 https://ethw.org/History_of Lossless Data Compression Algorithms
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LZHUEF is categorized as a "sliding window" type lossless compression algorithm, which serially
builds and effectively embeds a tree of substitutions, relating current elements to previously transmitted
elements. I'm not an expert on LZHUF, but GeeksforGeeks presents a very readable example of how
Limpel-Ziv compression/decompression works (on which LZHUFF was based), including pictorial
examples. As explained there, a large table initially is presumed to have the first 256 entries made out
of the 0-255 characters transmitted by binary 8-bit characters. Transmission of a symbol is actually
accomplished using more than 8 bits (even though the modem may output only byte values), to allow
for the transmission of values such as 256, 257......2047 or such. Values greater than 255 represent
values from the specific "string table" being constructed on the fly for this data, which is built up in
memory on the fly using a set of rules known and utilized by both compression and decompression
algorithms (or to any person reading the source code). That obviouly creates a burden/penalty for
short messages. because from the beginning, more than 8 bits are needed to send simple unitary
characters. Benefit only begins to occur when strings are recognized using the rules; transmitted
symbols > 255 are obviously recognized as "string table" compression entries. Compression moves
serially through the data and sending the appropriate value from the table being continuously
constructed. The Decompression routine knows the same fixed rules, interprets values <= 255 as
known values from the presumed table initiation, and interprets values >255 as from the additional
entries in the string table based on the known rules for table creation.

The above information explains why it is not a good idea to force the use of LZHUF _1 on smaller,
chopped-up portions of a data stream; the initial penalty for needing additional bits will cause it to
become useless or worse than useless, once the size of the chopped section compressed drops below
some minimal value.

The understanding of the table, as well as the knowledge that symbols are actually transmitted as more
than 8-bit serial data, explain why missing entries would make the portion following (not preceding) _
extremely difficult to decode. I have not yet found any research into whether any "re-lock" can be
achieved, but it might theoretically be possible, if difficult. Beyond that, I cannot speculate.

This knowledge further explains the sensitivity of the algorithm to particular microprocessor/operating
system "word" size. I and many others have experienced the problems of inability to use processor-
non-independent LZHUF algorithms on processors other than those for which they were written.'
Since the compression, and decompression of characters is solely dependent on previous characters....it
is rather obvious that the system will produce correct output if it starts correctly, and will continue to
produce correct output up until the point at which it fails to get correct input. . The previous
statements by Muething did not convey this crucial point about the LZHUF algorithm, but this fact
became patently obvious from reading Huggins' filings that LZHUF was capable of producing
significantly readable output in early portions of a file which was being handled improperly."

Huggins' first-reported output was this:

MID: 2YVAFEECIBS8J
Date: 2019/07/29 16:29
Type: Private

13 https://www.geeksforgeeks.org/lzw-lempel-ziv-welch-compression-technique/
14 http://www.danplanet.com/blog/2009/11/09/winlink-1988/
15 https://ecfsapi.fcc.gov/file/1073182572879/KX40_Demonstration OTA Winlink Decoding.pdf
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From: KM4HRR

To: KW4SHP

Subject: Re: //WL2K My second Winlink email
Mbo: KM4HRR Body: 748

Fanatstic! Awesome stuff. Look slike it's working justr fine. Congrats!!!
73, Brendan KM4HR

————— Message from KW4SHP sent 2019/07/28 2w<9A>6:4L --- M

Fassage frHH <89>blsP n *O<89><8C>hQnU I<89>"\"R19 9 rW R:0.Y7

WltyjL=]<95>2<89> ..z"Ms: g'w*c*sON <9A>8"Y<QC>"SfM 6 ook slike it's working justr fine.
Congrats!!! 73, Br4SHP sent 2019 F)7bX i C.APAL <92> 4 AA7"E<89><82>9 f"]e/<9D> Py n 73,
Br4SHP sent 2019 Ff7b '

The misspellings in the first message were decoded correctly. Then shortly after the signature, the
message become garbled.

Huggins by perseverance and some luck started at a point close enough to the correct start point that he
obtained significantly usable copy even though he passed the algorithm even an incorrect start. When
he learned how to initialize the start point properly, he had perfect copy from a stream of data he
acquired by merely leaving his radio and computer capturing for a long period of time.

MID: 2YVAFEECIB8J

Date: 2019/07/29 16:29

Type: Private

From: KM4HRR

To: KW4SHP

Subject: Re: //WL2K My second Winlink email
Mbo: KM4HRR

Body: 748

Fanatstic! Awesome stuff. Look slike it's working justr fine. Congrats!!!

73,
Brendan KM4HR

————— Message from KW4SHP sent 2019/07/28 23:41 -----

Message ID: FO40YS492PHY

Date: 2019/07/28 23:41

From: KW4SHP

To: KM4HRR

Source: KW4SHP

Subject: //WL2K My second Winlink email

Brendan:

16 Page 13 from: https://ecfsapi.fcc.gov/file/1073182572879/KX40_Demonstration OTA Winlink Decoding.pdf
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Just completed my Winlink HT setup.

I purchased a mobilinkd TNC3 and attached it to my Baofeng BF-F8HP with a SlimJim
in the attic.
I'm using Bluetooth from the TNC3 to my desktop PC running Winlink software.

Thanks for stoking my interest in this at Field Day.

My goal is to replace the PC with a Raspberry Pi using my Android Cell as a
mouse/keyboard/display via VNC over Wifi to the Raspberry.

Baby steps....

73
Steve Palmer ¥

His success proved that previous assertions that complete gibberish would result of even a "bit" of
error (1/8 of a byte) were completely incorrect, and propelled me off to create software to mechanize
what Huggins had accomplish by brute force. It took me 20 days merely to learn how to read the serial
port properly from a DRAGON modem; then only five days of near-neophyte programming to have the
first successful decode. It went from gibberish to perfect copy by merely correcting the initial
characters. The key point is to start correctly -- and then you can read until your input becomes
faulty.

SCS Modems include multiple methods of compression at the packet level. These include Huffman

compression and pseudo - Markov compression for both English and German texts. All of those are

publicly specified. However, greater compression ratios can be achieved by compressing on a larger
scale, obviously, creating a trade-off. To my knowledge, other WINLINK techniques do not include
built-in compression and thus are dependent on upper-level LZHUF compression.

In the Appendix, I present a section of Part 97 that has been reconstructed from an intentionally
damaged compressed binary, using LZHUF 1.

17 From: https://www.hamradio.me/graphs/WinlinkTests/ztemptest.txt
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MYTH #2: WINLINK is unique, being the only system in amateur radio that uses data
compression and cannot be read if you miss a single bit or byte.

WINLINK has falsely been claimed to be "unique" in the use of compressed data transfers.'”® Such a
claim reveals a profound lack of knowledge of the history of data communications in amateur radio,
and should be retracted quickly. Systems using compressed data transfers include at least:

Jean-Paul Roubelat's FBB bulletin board system'’

WINLINK*

PAT system, including a new transfer using a gzip compression
BPQ systems utilizing above protocols®

D-RATS*

FLWRAP*

FLMSG*

21 22

Nk wbe-=

I have previously discussed these systems in great depth.
The myth that you cannot read WINLINK if you miss even one bit or byte was addressed above.

As discussed in the preceding sections, there are also multiple systems in amateur radio that use
shortened-character lookup tables (or even Huffman-type encoding) to improve transfer speeds, but
without an instance-based variable table. These include CW, PSK31, and JS8, and possibly many
others, depending on how you view them.

18 Rappaport: ""Winlink is unique among all data transmission systems in the Amateur Radio Service in that it: (1) relies
on advanced communications modes that effectively encrypt communications" https://ecfs
api.fce.gov/file/10719969503992/FINAL VERSION Siddall reply June 18.pdf

19 http://www.f6fbb.org/ ; the original developer of LZHUF-based compressed data transfers, starting from 1986

20 https://winlink.org/B2F

21 http:/getpat.io/

22 PAT source code available at:  https://github.com/laSnta/pat

23 Wiseman: http://www.cantab.net/users/john.wiseman/Documents/LinBPQ RMSGateway.html

24 https://github.com/laSnta/wl2k-go#gzip-experiment

25 Uses LZMA, Lempel Ziv Markov. http://www.w1hkj.com/flwrap-help/

26 http://www.w1hkj.com/flmsg-help/index.html#sCompression (I do not yet know the type of compression)
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MYTH #3: With LZHUF-compressed data streams, you cannot read any of the text until
the entire data stream is finished.

Below is a portion of the code that does the compression/decompression in one popular version of
LZHUF. There is a buffer size, and a look-ahead buffer size.

#define N 2048 /* buffer size */*’
#define F 60  /* lookahead buffer size */

I cannot claim to be able to understand the complicated Izhuf.c code, but since we know that it starts at
the beginning, and we know that it builds each output character moving monotonically from the first
toward the last, and that each character is dependent only on the characters that PRECEDED it, it is
apparent that it could be possible rewrite the routine so that it calculates the output character within a
finite number of symbols after the one that was responsible for its creation.

This would be a non-trivial task for software generation! Therefore some significant benefit would be
required to be demonstrated for the ability to read a file in the process of being received.....instead of
just waiting for it to complete transmission.

These systems were in use from ca. 1986 until approximately 2016-2019 before any complaints of
which I am personally aware, that someone needed to read the text as it was being received. One
would need to demonstrate some outcome damage (not just "process violation") that significantly
affected amateur radio, the economy, or the armed forces of the United States to justify this drastic
change. Not being aware of any actual provable substantive damage to any of these from the use of
FBB, WINLINK, D-RATS, or PAT any time in the last 30 years, I doubt that this can be argued
successfully.

27 1have verfied that Wisemans code for Izhuf for WINLINK uses this same buffer size. See: https://github.com/g8bpg/
LinBPQ/blob/master/lzhuf32.c
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APPENDIX
EXAMPLE OF RECONSTRUCTED FILE
FROM INTENTIONALLY DAMAGED INPUT

Here is a portion of a screen capture of a Binary Editor, where you can see that I have intentionally
damaged the compressed binary file, of a large selection of Part 97, by overwriting with 00 00 00 many
times:

S5 Hex Editor Meo

File  Edit ‘“iew 3Select Operations Bookrarks  MNTFS Strearns  Tools  History  Window  Help

Fa-HdERG " "IEE ALK N N4

00001440 00 01 02 03 04 05 06 OV 08 0% Oa Ob Oc Od 0Oe Of

00002730 25 82 c3 be 5% 33 0c 97 Se 8Sc ad f1 71 98 32 g, Bxys . —rewnfig-2

77
00002740 1f 30 fd cc 8f fa 64 d3 ab 6= 37 bl ef 2a 29 5e L0¥L add n7siv)~
000027a0 4b 7a 37 38 45 cH b8 ec 90 be 61 7f 2d la =0 37 KzT>EE,i %al-.a&7
000027b0 b5 bf 8% 1f 25 33 facb fb fb 2a 92 4§ 3d 5b 34 pi%. $30EGAY H=[4
00002720 a4 61 22 4e 4f 92 af 52 ab cf fa 95 5a cd bd 3f Ha"NO' “Reluezine
00002740 bl 99 63 d2 40 f5 bf cO0 82 7c a7 3e cf 95 0% 3e +2c0fazA, |§>1.>
000027=0 Sf £8 £2 01 £1 a3 c% 32 29 b6 £7 80 &4 cf 19 7a _E&.ﬁ!.t2?‘]]:—€di.z
000027£0 9f e0 24 07 5Se 7f 83 7a 9f aa 6d 49 34 23 17 19 Yaa. o) fz¥amia(..
00002800 5f 2e 55 03 e2 5f b3 54 1l a7 %c of fb 2f 11 38 _.U.& *T.Selt/.8
00002810 ec cd 9a 4c Sh b4 17 96 92 be ea 5a 9c 47 96 bf ifEL[ .- %EZeG-;
00002320 f7c8 fa 77 ab 3b 7a el 08 £2 87 62 ed Se 7f ab +Ewe; zd. 4bin |
00002830 54 99 e5 8a 66 4e 53 05 1d ae 6e eb 64 Od 92 £l T™35£NS. .@néd. ' A

00002840 f.%1i,.&.DEbivVaEl:
00002850 R e
00002860
oooc2s70 |00 00 00 00 0O 00 00 OO0 00 OO0 00 OO0 00 G0 00 00 MM eeeeeeeeennnnnas
00002880 ugidNG. =, 17512
00002890 |RIe " tetw:BiE--z
000028a0 Oe.u O1ES;LH.IEZ
000028k0 “{EYY9l; "6 1. 4B4
000028c0 &y.I+-T;1™.01;1
00002840 | d0 ed £2 57 <0 3f %9a 3c 46 77 £6 aa 9= 14 £7 22 DisWard<rwoiz.:4
00002820 | bc 49 a2 92 dé 87 37 la ba 65 7c 27 9f al ea 89 wulsz0#7.°e|'¥igs
000028£0 | 86 6a 79 27 ae 87 c8 96 1f 7e 22 80 a5 54 7a al  tjy'®E—.~"€¥Tz;
00002500 £50 4e €% bbc7 5811 59 7f 11 02 65 31 54 6f _PNésCX.YD..elTo
00002910 | 22 76 96 65 Of b2 =7 5f 24 £7 27 3 30 £5 ab 7a "vte.'g $:'&€8«z
00002920 | ab 58 35 25 lc b9 92 69 7a 21 d9 1d 66 ec a5 6f  «X5%.2'iz!U.fi¥o
00002930 | £6 de cf a6 98 ac 64 e3 d3 30 c2 27 73 31 b2 94 oI -d&00Ars1="
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A897.1  Basis and purpose.

The rules and regulations in this part are designed to provide an amateur radio
service having a fundamental purpose as expressed in the following principles:

(a) Recognition and enhancement of the value of the amateur service to the public
as a voluntary noncommercial communication service, particularly with respect to
providing emergency communications.

(b) Continuation and extension of the amateur's proven ability to contribute to the
advancement of the radio art.

(c) Encouragement and improvement of the amateur service through rules which
provide for advancing skills in both the communication and technical phases of the
art.

(d) Expansion of the existing reservoir within the amateur radio service of trained
operators, technicians, and electronics experts.

(e) Continuation and extension of the amateur's unique ability to enhance
international goodwill.

A897.3 Definitions.
(a) The definitions of terms used in part 97 are:

(1) Amateur operator. A person named in an amateur operator/primary license station
grant on the ULS consolidated licensee database to be the control operator of an
amateur station.

(2) Amateur radio services. The amateur service, the amateur-satellite service and
the radio amateur civil emergency service.

(4) Amateur service. A radiocommunication service for the purpose of self-training,
intercommunication and technical investigations carried out by amateurs, that 1is,
duly authorized persons interested in radio technique solely with a personal aim
and without pecuniary interest.

(5) Amateur station. A station in an amateur radio service consisting of the
apparatus necessary for carrying on radiocommunications.

(6) Automatic control. The use of devices and procedures for control of a station
when it is transmitting so that compliance with the FCC Rules is achieved without
the control operator being present at a control point.

(7) Auxiliary station. An amateur station, other than in a message forwarding
system, that is transmitting communications point-to-point within a system of
cooperating amateur stations.

(8) Bandwidth. The width of a frequency band outside of which the mean power of the
transmitted signal is attenuated at least 26 dB below the mean power of the
transmitted signal within the band.

(9) Beacon. An amateur station transmitting communications for the purposes of
observation of propagation and reception or other related experimental activities.
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(10) Broadcasting. Transmissions intended for reception by the general public,
either direct or relayed.

(11) Call sign system. The method used to select a call sign for amateur station
over-the-air identification purposes. The call sign systems are:

(1) Sequential call sign system. The call sign is selected by the FCC from an
alphabetized list corresponding to the geographic region of the licensee's mailing
address and operator class. The call sign is shown on the license. The FCC will
issue public announcements detailing the procedures of the sequential call sign
system.

(ii) vanity call sign system. The call sign is selected by the FCC from a list of
call signs requested by the licensee. The call sign is shown on the license. The
FCC will issue public announcements detailing the procedures of the vanity call
sign system.

(iii) Special event call sign system. The call sign is selected by the station
licensee from a list of call signs shown on a common data base coordinated,
maintained and disseminated by the amateur station special event call sign data
base coordinators. The call sign must have the single letter prefix K, N or W,
followed by a single numeral @ through 9, followed by a single letter A through W
or Y or Z (for example K1A). The special event call sign is substituted for the
call sign shown on the station license grant while the station is transmitting. The
FCC will issue public announcements detailing the procedures of the special event
call sign system.

(12) CEPT radio amateur license. A license issued by a country belonging to the
European Conference of Postal and Telecommunications Administrations (CEPT) that
has adopted Recommendation T/R 61-01 (Nice 1985, Paris 1992, Nicosia 2003).

(13) Control operator. An amateur operator designated by the licensee of a station
to be responsible for the transmissions from that station to assure compliance with
the FCC Rules.

(14) Control point. The location at which the control operator function is
performed.

(15) CSCE. Certificate of successful completion of an examination.

(16) Earth station. An amateur station located on, or within 50 km of, the Earth's
surface intended for communications with space stations or with other Earth
stations by means of one or more other objects in space.

(17) [Reserved]

(18) External RF power amplifier. A device capable of increasing power output when
used in conjunction with, but not an integral part of, a transmitter.

(19) [Reserved]
(20) FAA. Federal Aviation Administration.
(21) FCC. Federal Communications Commission.

(22) Frequency coordinator. An entity, recognized in a local or regional area by
amateur operators whose stations are eligible to be auxiliary or repeater stations,
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that recommends transmit/receive channels and associated operating and technical
parameters for such stations in order to avoid or minimize potential interference.

(23) Harmful interference. Interference which endangers the functioning of a
radionavigation service or of other safety services or seriously degrades,
obstructs or repeatedly interrupts a radiocommunication service operating in
accordance with the Radio Regulations.

(24) IARP (International Amateur Radio Permit). A document issued pursuant to the
terms of the Inter-American Convention on an International Amateur Radio Permit by
a country signatory to that Convention, other than the United States. Montrouis,
Haiti. AG/doc.3216/95.

(25) Indicator. Words, letters or numerals appended to and separated from the call
sign during the station identification.

(26) Information bulletin. A message directed only to amateur operators consisting
solely of subject matter of direct interest to the amateur service.

(27) In-law. A parent, stepparent, sibling, or step-sibling of a licensee's spouse;
the spouse of a licensee's sibling, step-sibling, child, or stepchild; or the
spouse of a licensee's spouse's sibling or step-sibling.

(28) International Morse code. A dot-dash code as defined in ITU-T Recommendation
F.1 (March, 1998), Division B, I. Morse code.

(29) ITU. International Telecommunication Union.

(30) Line A. Begins at Aberdeen, WA, running by great circle arc to the
intersection of 48A° N, 120A° W, thence along parallel 48A° N, to the intersection
of 95A° W, thence by great circle arc through the southernmost point of Duluth, MN,
thence by great circle arc to 45A° N, 85A° W, thence southward along meridian 85A°
W, to its intersection with parallel 41A° N, thence along parallel 41A° N, to its
intersection with meridian 82A° W, thence by great circle arc through the
southernmost point of Bangor, ME, thence by great circle arc through the
southernmost point of Searsport, ME, at which point it terminates.

(31) Local control. The use of a control operator who directly manipulates the
operating adjustments in the station to achieve compliance with the FCC Rules.

(32) Message forwarding system. A group of amateur stations participating in a
voluntary, cooperative, interactive arrangement where communications are sent from
the control operator of an originating station to the control operator of one or
more destination stations by one or more forwarding stations.

(33) National Radio Quiet Zone. The area in Maryland, Virginia and West Virginia
Bounded by 39A°15? N on the north, 78A°30? W on the east, 37A°30? N on the south
and 80A°30? W on the west.

(34) Physician. For the purpose of this part, a person who is licensed to practice
in a place where the amateur service is regulated by the FCC, as either a Doctor of
Medicine (M.D.) or a Doctor of Osteopathy (D.O.)

(35) Question pool. All current examination questions for a designated written
examination element.
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(36) Question set. A series of examination questions on a given examination
selected from the question pool.

(37) Radio Regulations. The latest ITU Radio Regulations to which the United States
is a party.

(38) RACES (radio amateur civil emergency service). A radio service using amateur
stations for civil defense communications during periods of local, regional or
national civil emergencies.

(39) Remote control. The use of a control operator who indirectly manipulates the
operating adjustments in the station through a control link to achieve compliance
with the FCC Rules.

(40) Repeater. An amateur station that simultaneously retransmits the transmission
of another amateur station on a different channel or channels.

(41) Space station. An amateur station located more than 50 km above the Earth's
surface.

(42) Space telemetry. A one-way transmission from a space station of measurements
made from the measuring instruments in a spacecraft, including those relating to
the functioning of the spacecraft.

(43) Spurious emission. An emission, or frequencies outside the necessary bandwidth
of a transmission, the level of which may be reduced without affecting the
information being transmitted.

(44) Telecommand. A one-way transmission to initiate, modify, or terminate
functions of a device at a distance.

(45) Telecommand station. An amateur station that transmits communications to
initiate, modify or terminate functions of a space station.

(46) Telemetry. A one-way transmission of measurements at a distance from the
measuring instrument.

(47) Third party communications. A message from the control operator (first party)
of an amateur station to another amateur station control operator (second party) on
behalf of another person (third party).

(48) ULS (Universal Licensing System). The consolidated database, application
filing system and processing system for all Wireless Telecommunications Services.

(49) VE. Volunteer examiner.

(50) VEC. Volunteer-examiner coordinator.

(b) The definitions of technical symbols used in this part are:

(1) EHF (extremely high frequency). The frequency range 30-300 GHz.

(2) EIRP (equivalent isotropically radiated power). The product of the power
supplied to the antenna and the antenna gain in a given direction relative to an

isotropic antenna (absolute or isotropic gain).

Note: Divide EIRP by 1.64 to convert to effective radiated power.
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(3) ERP (effective radiated power) (in a given direction). The product of the power
supplied to the antenna and its gain relative to a half-wave dipole in a given
direction.

Note: Multiply ERP by 1.64 to convert to equivalent isotropically radiated power.
(4) HF (high frequency). The frequency range 3-30 MHz.

(5) Hz. Hertz.

(6) LF (low frequency). The frequency range 30-300 kHz.

(7) m. Meters.

(8) MF (medium frequency). The frequency range 300-3000 kHz.

(9) PEP (peak envelope power). The average power supplied to the antenna
transmission line by a transmitter during one RF cycle at the crest of the
modulation envelope taken under normal operating conditions.

(10) RF. Radio frequency.

(11) SHF (super high frequency). The frequency range 3-30 GHz.

(12) UHF (ultra high frequency). The frequency range 300-3000 MHz.

(13) VHF (very high frequency). The frequency range 30-300 MHz.

(14) W. Watts.

(c) The following terms are used in this part to indicate emission types. Refer to
A82.201 of the FCC Rules, Emission, modulation and transmission characteristics,
for information on emission type designators.

(1) CwW. International Morse code telegraphy emissions having designators with A, C,
H, J or R as the first symbol; 1 as the second symbol; A or B as the third symbol;
and emissions J2A and J2B.

(2) Data. Telemetry, telecommand and computer communications emissions having (i)
designators with A, C, D, F, G, H, J or R as the first symbol, 1 as the second
symbol, and D as the third symbol; (ii) emission J2D; and (iii) emissions A1C, FiC,
F2C, J2C, and J3C having an occupied bandwidth of 500 Hz or less when transmitted
on an amateur service frequency below 30 MHz. Only a digital code of a type
specifically authorized in this part may be transmitted.

(3) Image. Facsimile and television emissions having designators with A, C, D, F,
G, H, J or R as the first symbol; 1, 2 or 3 as the second symbol; C or F as the
third symbol; and emissions having B as the first symbol; 7, 8 or 9 as the second
symbol; W as the third symbol.

(4) MCW. Tone-modulated international Morse code telegraphy emissions having
designators with A, C, D, F, G, H or R as the first symbol; 2 as the second symbol;
A or B as the third symbol.

(5) Phone. Speech and other sound emissions having designators with A, C, D, F, G,
H, J or R as the first symbol; 1, 2, 3 or X as the second symbol; E as the third
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symbol. Also speech emissions having B or F as the first symbol; 7, 8 or 9 as the
second symbol; E as the third symbol. MCW for the purpose of performing the station
identification procedure, or for providing telegraphy practice interspersed with
speech. Incidental tones for the purpose of selective calling or alerting or to
control the level of a demodulated signal may also be considered phone.

(6) Pulse. Emissions having designators with K, L, M, P, Q, V or W as the first
symbol; ©, 1, 2, 3, 7, 8, 9 or X as the second symbol; A, B, C, D, E, F, N, Wor X
as the third symbol.

(7) RTTY. Narrow-band direct-printing telegraphy emissions having designators with
A, C, D, F, G, H, J or R as the first symbol; 1 as the second symbol; B as the
third symbol; and emission J2B. Only a digital code of a type specifically
authorized in this part may be transmitted.

(8) SS. Spread spectrum emissions using bandwidth-expansion modulation emissions
having designators with A, C, D, F, G, H, J or R as the first symbol; X as the
second symbol; X as the third symbol.

(9) Test. Emissions containing no information having the designators with N as the
third symbol. Test does not include pulse emissions with no information or
modulation unless pulse emissions are also authorized in the frequency band.

[54 FR 25857, June 20, 1989]

Editorial Note: For Federal Register citations affecting A§97.3, see the List of
CFR Sections Affected, which appears in the Finding Aids section of the printed
volume and at www.fdsys.gov.

A897.5 Station license required.

(a) The station apparatus must be under the physical control of a person named in
an amateur station license grant on the ULS consolidated license database or a

person authorized for alien reciprocal operation by A8§97.107 of this part, before
the station may transmit on any amateur service frequency from any place that is:

(1) within 50 km of the Earth's surface and at a place where the amateur service is
regulated by the FCC;

(2) within 50 km of the Earth's surface and aboard any vessel or craft that is
documented or registered in the United States; or

(3) More than 50 km above the Earth's surface aboard any craft that is documented
or registered in the United States.

(b) The types of station license grants are:

(1) An operator/primary station license grant. One, but only one, operator/primary
station license grant may be held by any one person. The primary station license 1is
granted together with the amateur operator license. Except for a representative of
a foreign government, any person who qualifies by examination is eligible to apply
for an operator/primary station license grant.

(2) A club station license grant. A club station license grant may be held only by
the person who is the license trustee designated by an officer of the club. The
trustee must be a person who holds an operator/primary station license grant. The
club must be composed of at least four persons and must have a name, a document of
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organization, management, and a primary purpose devoted to amateur service
activities consistent with this part.

(3) A military recreation station license grant. A military recreation station
license grant may be held only by the person who is the license custodian
designated by the official in charge of the United States military recreational
premises where the station is situated. The person must not be a representative of
a foreign government. The person need not hold an amateur operator license grant.

(c) The person named in the station license grant or who is authorized for alien
reciprocal operation by A897.107 of this part may use, in accordance with the
applicable rules of this part, the transmitting apparatus under the physical
control of the person at places where the amateur service is regulated by the FCC.

(d) A CEPT radio-amateur license is issued to the person by the country of which
the person is a citizen. The person must not:

(1) Be a resident alien or citizen of the United States, regardless of any other
citizenship also held;

(2) Hold an FCC-issued amateur operator license nor reciprocal permit for alien
amateur licensee;

(3) Be a prior amateur service licensee whose FCC-issued license was revoked,
suspended for less than the balance of the license term and the suspension is still
in effect, suspended for the balance of the license term and relicensing has not
taken place, or surrendered for cancellation following notice of revocation,
suspension or monetary forfeiture proceedings; or

(4) Be the subject of a cease and desist order that relates to amateur service
operation and which is still in effect.

(e) An IARP is issued to the person by the country of which the person is a
citizen. The person must not:

(1) Be a resident alien or citizen of the United States, regardless of any other
citizenship also held;

(2) Hold an FCC-issued amateur operator license nor reciprocal permit for alien
amateur licensee;

(3) Be a prior amateur service licensee whose FCC-issued license was revoked,
suspended for less than the balance of the license term and the suspension is still
in effect, suspended for the balance of the license term and relicensing has not
taken place, or surrendered for cancellation following notice of revocation,
suspension or monetary forfeiture proceedings; or

(4) Be the subject of a cease and desist order that relates to amateur service
operation and which is still in effect.

[59 FR 54831, Nov. 2, 1994, as amended at 62 FR 17567, Apr. 10, 1997; 63 FR 68977,
Dec. 14, 1998; 75 FR 78169, Dec. 15, 2010]

A897.7 Control operator required.

When transmitting, each amateur station must have a control operator. The control
operator must be a person:
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(a) For whom an amateur operator/primary station license grant appears on the ULS
consolidated licensee database, or

(b) Who is authorized for alien reciprocal operation by A§97.107 of this part.
[63 FR 68978, Dec. 14, 1998]
A897.9 Operator license grant.

(a) The classes of amateur operator license grants are: Novice, Technician,
General, Advanced, and Amateur Extra. The person named in the operator license
grant is authorized to be the control operator of an amateur station with the
privileges authorized to the operator class specified on the license grant.

(b) The person named in an operator license grant of Novice, Technician, General or
Advanced Class, who has properly submitted to the administering VEs a FCC Form 605
document requesting examination for an operator license grant of a higher class,
and who holds a CSCE indicating that the person has completed the necessary
examinations within the previous 365 days, is authorized to exercise the rights and
privileges of the higher operator class until final disposition of the application
or until 365 days following the passing of the examination, whichever comes first.

[75 FR 78169, Dec. 15, 2010]
A897.11  Stations aboard ships or aircraft.

(a) The installation and operation of an amateur station on a ship or aircraft must
be approved by the master of the ship or pilot in command of the aircraft.

(b) The station must be separate from and independent of all other radio apparatus
installed on the ship or aircraft, except a common antenna may be shared with a
voluntary ship radio installation. The station's transmissions must not cause
interference to any other apparatus installed on the ship or aircraft.

(c) The station must not constitute a hazard to the safety of life or property. For
a station aboard an aircraft, the apparatus shall not be operated while the
aircraft is operating under Instrument Flight Rules, as defined by the FAA, unless
the station has been found to comply with all applicable FAA Rules.

Back to Top
A897.13 Restrictions on station location.

(a) Before placing an amateur station on land of environmental importance or that
is significant in American history, architecture or culture, the licensee may be
required to take certain actions prescribed by A8A81.1305-1.1319 of this chapter.

(b) A station within 1600 m (1 mile) of an FCC monitoring facility must protect
that facility from harmful interference. Failure to do so could result in
imposition of operating restrictions upon the amateur station pursuant to A§97.121.
Geographical coordinates of the facilities that require protection are listed in
A80.121(c) of this chapter.

(c) Before causing or allowing an amateur station to transmit from any place where
the operation of the station could cause human exposure to RF electromagnetic field
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levels in excess of those allowed under A81.1310 of this chapter, the licensee is
required to take certain actions.

(1) The licensee must perform the routine RF environmental evaluation prescribed by
A81.1307(b) of this chapter, if the power of the licensee's station exceeds the
limits given in the following table:
Wavelength band

Evaluation required if powerl (watts) exceeds
MF

160 m

500

HF

80 m

500

75 m

500

40 m

500

30 m

425

20 m

225

17 m

125

15 m

100

12 m

75

10 m

50

VHF (all bands)
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50

UHF

70 cm

70

33 cm

150

23 cm

200

13 cm

250

SHF (all bands)
250

EHF (all bands)
250

Repeater stations (all bands)

non-building-mounted antennas: height above ground level to lowest point of antenna
<10 m andpower >500 W ERP building-mounted antennas: power >500 W ERP

1Power = PEP input to antenna except, for repeater stations only, power exclusion
is based on ERP (effective radiated power).

(2) If the routine environmental evaluation indicates that the RF electromagnetic
fields could exceed the limits contained in A81.1310 of this chapter in accessible
areas, the licensee must take action to prevent human exposure to such RF
electromagnetic fields. Further information on evaluating compliance with these
limits can be found in the FCC's OET Bulletin Number 65, &€rEvaluating Compliance
with FCC Guidelines for Human Exposure to Radiofrequency Electromagnhetic
Fields.a€¢

[54 FR 25857, June 20, 1989, as amended at 55 FR 20398, May 16, 1990; 61 FR 41019,
Aug. 7, 1996; 62 FR 47963, Sept. 12, 1997; 62 FR 49557, Sept. 22, 1997; 62 FR
61448, Nov. 18, 1997; 63 FR 68978, Dec. 14, 1998; 65 FR 6549, Feb. 10, 2000; 80 FR
53752, Sept. 8, 2015]

A897.15 Station antenna structures.
(a) Owners of certain antenna structures more than 60.96 meters (200 feet) above
ground level at the site or located near or at a public use airport must notify the

Federal Aviation Administration and register with the Commission as required by
part 17 of this chapter.
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(b) Except as otherwise provided herein, a station antenna structure may be erected
at heights and dimensions sufficient to accommodate amateur service communications.
(State and local regulation of a station antenna structure must not preclude
amateur service communications. Rather, it must reasonably accommodate such
communications and must constitute the minimum practicable regulation to accomplish
the state or local authority's legitimate purpose. SeePRB-1, 101 FCC 2d 952 (1985)
for details.)

(c) Antennas used to transmit in the 2200 m and 630 m bands must not exceed 60
meters in height above ground level.

[64 FR 53242, Oct. 1, 1999, as amended at 82 FR 27214, June 14, 2017]
A897.17 Application for new license grant.

(a) Any qualified person is eligible to apply for a new operator/primary station,
club station or military recreation station license grant. No new license grant
will be issued for a Novice or Advanced Class operator/primary
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Fefmuate even June 20, 1989,h a;nnnityunir sta (2 Fefmuoa
snabrDennvutttttdimummate020, 1989, h,veUVeigiance wiOmeglion ion V5
BudsNhti2lelnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnngeve.Rcces am5c. 8 sennn
60.vFefmu9,h srtigisiblohorsructure 2 ure Apiummenlanced Clnnnd5h aers Mh
a;nnnitysvnnnnn5h4hr(d97.17 mAHlmendutinebure B60 exceed b.Rcceson V5 Bue
suTptaei2ln de ameDgiance wiOmeglioenlelCPnit.vFFw65 FR ina 4nnnnpyodstahorsructure
2 ure Apiu0@.96r/pruTptaei2ln de amecjvefvnnnlbn exc 20bions and . 8 sennn
licenstRf198rmmaé, h Addut(d97.17 mAHlmendutirs (2 Fn e 0.vFefmu9,h
srtigisiblohorsructure 2 ure Apiummenlanced Clnnnnn 201nnn ctio”itysvnnn. 8
sennnlelxsru}Ss revi 1ll4nnnnbequasll d, iisennn licen 4R 20ni/pmcces mmenlac9veUV

27



thiu}Srio~itysvnnn. y9veaNeciion tove7fpicatd in-erZi 1989,h atiornnn.Fefmu9e5re 2
usnnnnnnnnni/prege5re oS suTptaei Aotor/prWvnnniteUCalualAH] Class
operator/primary stationnnnnnnnnnnnnnnnnnnnnnnnnnnnnnoteb.m of statimnnnnhotvry
rdFefmu8an 60.96 meterssen5, 1989, h,+1nnnnho must co2er£i outer.

60aEmu8 such#,nnnny@, ov.s,nlenn ng7.1nn ed at 82 FR 27214, June 14, 2017]
A897.17)lass tatd2onaceede and son7)1 630 m 5ts) FCC5end 63

A897nAse pra«nlelennnnNov7; 6
Wave.17)

No notpt ab ,ur060aEm@O®@ m an Juh;nnni.17 opeu8an 60Ee ra steden3c¢cd RF
Advitni/pnni.t 82 nnnon nK«e amecjvefvnnnlbrlel abnnn,loPthan 60.9tat ,loPt7)1A4i
outer.aiV tcunon nK«pils.)lthN huuNSantsRAv52 sfh” seve7 v 5h aV wnn-1o0
nK«eNhra®@ttURFoSAwt yP nK«pis aVs aV wnnF-1o0 nK«eNhc selonan}rnn,SAK«pisi rf
URFoSAwt yP nK«pis ao%ia Bbl5 B, ho.nAattUon nhN) FR indnu2hrem, sEn-o nf-
unURFoSiIFoSiIFBunocces fTrV3, tvdsv 5h4nn8 oSwita6OEs,Nhf e-3nxanote B nSanrem
ure8y-rthNxe B nnscAOtt ch ubnpinno9nhNi1xn8 oS9ixan)T neDi2NsTi2NO6wn
ionaFrnnnn5uuEevrnnn5uuEevrnnn5uuEevrnnn5uuEevo%iiwitsoFeusv ttUo3tu, 60.v
/pfrinn, SRAvenn5thh(SdRvnnnlbn e

6C3,1i wien)ae Kk thA 5h4nn8 oSwiItonEblio En5tnnnEr..nnnEh(Sdd]17oUon nhN) FR ine
Onr.,Nhfo"iexebDts, tv, tu5nn4 aprt u5nna@ttUV3sm2Sdd]A inN, 5hspt h§97nSc3ed2e4
ap19.vFav2hrU~iezernn2nnn5uurthNhre nbn-notebrthNhre

nbn-notebrthNhrdnu2hrm, ApnDi2NsTi2N@6wn ionatnab , 3blthN huuNSants rtUVNO6wndnu2y
apleRewlNhrgao%ia b°)3;5thhdwWrEh(«pipislNhrgao%iVv3, tF.v /puu-3(1,eotyf3x chsia b°)2
B npinno9nhNmttsnnnch e

ta60E-3tu, e-32hrhh(,Tixan)T nf-u}Srio~itysnicatd in-1,2 B lprthNhre ngater.l1N#-
nn4 Nhrgao%uEevrnnns aVs aV wnnF2 ,nan;Ro%iaFavUm aVislNhrgaeC#nnycala.,Neofb.m
ave)mRf32 EtyssEnotrhh97nSc3flC éeaCcr2 B<inneurthNhre naterz5thCin-1,2 B lprthNhi
r

b(Snnnebn nK«? a6i®lebbn-notebm3,i wien)ae k thA 5h4nn8 oSwiIt0.vSAtysiraRalRJo8
se2 B nK«pis thn5thrnn,Se, h8§-mcccn8 sv 5nn4 aprt nenga@ttUaptouU~ielcccf r8fh
nK«p«pi2eBbnJevrnnn5uuEegn-11-unURFra h1lNhrg0.v /v /It04s ao%ian#Sb , 3ht an

e, SRAve8beo~e, 3ht o3ennErthNc

6C3, s ao%ian#s ,r yf32 Eo9nhNmtrgao%ia b° aprt neneanne.o)h(S3trgao%ia b° aprt
nen2i rnno5wndnu2y ap? nK«p«nenrt;eC.e)T aehh nKSnnnebn n eneanne5sDh(«bbnsa b°
neanne5sDh(«bbnsa b° neanne5sDh(«bbnsaf3295vrnnhNmttoul~ipnDi2N ,r yf32
E("iplt)a,r hbbnn errnn,Se, h8§-mcccn8 sv 5nn4 aprt nen5uurt, h8§-mccc r
b(thNhrdnu2hrm, ApnDi2NsTi2N@6wn jioa b° am, AoWioAoWioo1l:

b(thNhraAd.,Nhf8Mo theanrt;no%ia

b°)3;5thhdwWrEh(«pipislNhrrEh(«pipisDatunon ,DathNhrem,c

6C3hn5B Vr npinnAldthNEEf#eudh(«]lmaaruihapl rD5 ngp«pmccd5th 5h4nn8fh5

b(I SZn- nK«piFrOttUVv3sm2Sdd]A inN, 5hspS /It04s i wien)ae k thA 5h4nn8
oSwiItonEblio En5-3(m5thehAUonaolpnE(~iplt)ahNm§&-m5sDh(«bbn /p«pchgawnnF2 ,nan;Ro
%iaFavum aVislcd5tNhrEr0ttUV3ne5sDh(«bbfnnF-10 nK«eNhc selonrhnU8Mo thean rD5 sev
neDitUV3SRAvem, sEelAd, 6¢cSAwt yP nK«pi2eloncat-wiItnotrhhnnFwmrt nnF-
nfb.2f32dthoSobfamnnF-Eo9nRnpithnchgawnnF2 ,nsEev c#ehh nK6alR4nn8

owienNo, SAKmBc3fl5eh(«bbeRecat 5hs ]s vrnd¢4nn8 oSwiIt0.vhspd, 6cSAwt yPrnn 4rthNclL-
W.,Nhfp Vaeagn#3b° aciN, 5hspApnDi«eNnnyupnDgeeun5usEev ad]AesDh1/It)h(S3td aUon
nhN) FRtrhhrD5 sepDli1,2 k th tove7fpd ,2 B,hmRfhs ]s sDatunoF28eun5usEev
ad]AesDh1/It)h(Sen)ae k thrm,nning5h42«pcS aprt neneanne.o)h(SrthNc, rm[n
casepbDoeanne32 p ad]Aeso 5hneafr,1i B<lnneurtinrth? iuclplt)ahNnneuderAcapnred
aw, hmiprt uES3trgao%(nn4 aipldU3A inN,4s i wien)ae Kk to 5hthNcn;RonK«a D11,2 k
th t(thpd ,a5thcK«p th2uU~t nnF-n 5hspApnDi«eNnnyupnDgeeun5usEe k to

onatnt)a, rclplRanyupnDgelJSrilcccft neneal.m & k to 5hthNcn;RonpnnF2
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hd, tulg#Cihio, neanrt;no%igl theauES /prescAi‘h(Sdd]1l7oUon nhN) FR ine
onrTCirnd¢Ia, 2 k n-nn ionatnab , dithnchSAw, ApnDi2NsTi2NO6wV
w(blthl7o0lin5usEe6ilcccft neneal.m & k to 5hthNcn;RonpnnF2

hd, tuUg#Cihio, neanOAldAvemMuunnn[n onF25ii B<loeaO ,nsEtunoF28eun neDitUV3SRAH..
pnDon ,DarS;RonK«a D11, 2-lanyup2 h 6if32e0”e, rehh nKonauEegntunoF28e8,ii 2Sdd]A
inN, 5hspt h897nSc5c/prescAtUV31ApnRonNcn;RonpnnF2 h )ae rm,nnlng5h42«pcS aprt
neneanne.o)h(SrthNc, rm[nc#emMuun, 4s, e#37Mo te B 5sDhnN, -thNcn;Rogaoau;noY2 p VA
ininrth? iuclplt)ahNnneuder#capnred aw,hmipeAti, 5e,nen;R , M thnlaJSrilc|gnn8
U8Mooun5usEe k to onatnt)a,rnc#em«pipisd e7i2-lanyusDhl1/It)h(S3td aUonn-
1hNhnga@ttUap?, nehafr,iral. eAti,”ap?,néwn JAer# u -Ai, ta60Esp#Cidsv 5h4
aUo0SAwaB0OEsp#ClavUm aVislc-mccc rineIt)31ANhf<inCreagnta r8fh

nK«p«m, nninnaterlnninDi2Nn onF25ii B<loeaO , nsEtunoF28eun
neDihdd]AApnRonNcn; 1, ta6OEsp#sEe k to oNo,SJior T neDi2NssEev rnn 4rthNcL-
W.,Nhfp Vaeilad]Aesanyuom pcapAdKonauEegntunoF28e8,ii cthN1x v cntsRAv52d
rthNhrem, A B<cld nf-unURFer&capnred an5usEnnilsen)2Sdd]A inN,, ta6Rm p8cf, 5usE4o
tlEh(«2 JAer#hihdd]AApnRonNcn;1, ta6OEsp#sEe k to oNo,S]ior T
neDi2NssEeed2n#3b°5VaeluclTrV3aronatnt)a, rnc#em«pnQm B<lnneurtinrth? iuclplt)eAwt
yPJAA)dH i-32hrhh(, %#em«pnQ in, -8apnre enre32eo0”aoF28ef,5u%iann5uMo te B 5sDhnN, -
thNcn;Rogaoau;noY2 p vA it)aun5us@sEe k to oNo;noY2 pn;Rbbn-notebm3,i wien)ae
a, ri«eNnnyupnDgeeun5usEev ad]AesDh1/It)h(S3td aUon her#eed2nd¢,m2Nn esanl, tInsEkev
c#ehh nE1Eh(«nn8 o ad]ab sRAv52d rthum avis5,S]iopr sRAv5hPcn;1, ta6OEsgnN, -
DyDoeoF2ad]as ma60Esgn #ehhMl7onabti6OEgnN, NeofpnRpnnF)-Dy
a 9esDhnN, -thNcn;Rogaoau; in, -8apn, tInspeAwtbmBd rthUmprenensEt#yTi2NO6wn

i031lhd, 2nd¢mh4nn8 owienNm a 0if32eo0”e, )noFyciNnnto rN«pnQ
6ChX(«bbnsaf3295vrnnhNmtioreed ac#ethNhrdnu2hrmoollA it) svS7n32 p )aun5u
“eV3aronatnt)n5u eagnN, NeofN, NeofpnRpnnF) -Dy
a 9zg5hnnre enre)ae edoOSAwWES5sEeed2n#hSAw,A rtpb°)nDgei# u -
Ai, ta6OEsSp#CidsvoOSAwh\

6ChX#u; noU~ih4nBbnJevrnnn5F28MionNcnSAwd¢ IafuTCIrnd¢Ia, 2 )aun5u, il.5hthNcn;RonpnnF2
hd, tuug#Cihio, neanrt;no%igl theauEsAveemBd rthUmponpiUap2 ]Ju enre enrhnga®@tDTull
thghnNm a 6if32eo0”e, )noFyciNnnto rN«pnQ

6C vnRpnemM her#eeullzhnNn5uSc3f1lC

eeaCcVbgNcn; RoFyciNnc#ex11lzhnNn5uSc3flCae=iiltnotrhhnnFw, ve=iiIFycisrhhrDn
ANnc#exl1lzta 8ac#ethNhWrEh8 rN«pnQ

6C Sdd2EY+n#ee enrdifAolC r7n;1, tauTCJIrnccflzhnNn5dgpred an5uto rN« p
RanyudNhrgeh(«bbenat1lRoFyciNnc#ex1lzhnNn5uSc3flCae=iiltnotrhee32 p
adc;h(«gCrtinrth? iaNn5uSc3fll.5hth2 dan

rdD5hnNhghn)Dlinotr=SrthNc, 97nSc5cn.5hn;RoFAthNcfd anW.,Nhfp Vaeilad]ta60Esp#un8
oSwiItn5uSc3flCae=iiItnot,otrhe.,Nhfp VaeagnlTCJrnd¢iIa,2 )aun5u,ilA3r
beanllla60Es1RoaelpyciNnc#ex/oSwitis5,S]iopr sRAv5hPcn;1, ta6@EsgnN, -DyDoeoF2ad]as
ma60E, ., NEsgenN1 a dito rN« p
yudNhrgeh(«bbenati1RoFyciNnc#ex11zhnNn5uSc3flCae=iiItnotrhee3iFheee=iiItnotrhee3iFhe
ee=iiItnotrhee3iFheee=iiltnotrheeC vnROEsp#un8 oSw« p
yudNhrgeh]Aesrhee3iFheee=iiItnotrhee3iFunuEeveeiItn1i®6Nn5an5c 0)Wc
rineIt)31ANhf<inEsg=SrthNcn;RonK«a 8ac#sUonn-nu)DlrhenN,Neoee=iitauIt)wn JAer# u -
Ai, ta6OEsph]Aesrn JAer# u -Ai,ta60oItnotrheeCher#eiFhe3iFRonN vAeonF(, %#em«pnQ
in, -8apnre enre32eo”aoF28ef,5u%iann5uMo te B 5sD#un8 onW.Nc,re a
enre32eo0oF28ellzhnFycdiIop6oee=iitto rN« EHt3e=iiIFy2EY+n#ee eRogaoaurnsEev
c#.2f32dthoSobfamnneAaoIt)hscAi‘h(0.v(thluyciNnc#ex/oSwitis5,u -AigNo,S]Sneltrhe, -
t#eiFhe3iFRonN vAeonF(, %#em«pnQ in, -g onN.e, ohNce3iFunuEeveeiItn1i®6Nn5an
On2eNce3i -Aig¢)Dlrhdflzhs.Nc, kcuTCniiItnotrhee3iFhev c#.5u%iann5uMo te B otr#oSw« p
y7ev h nKonaubE(Q.v(t %#elc#exA gEne3iFhio,%igl th1i0®6Nn5Ee
703lhsEte2aCidsvhsEte2aCidsvhsEte2aCidsvhsEte2aCidsvhsEte2aCidst
nVae)ad]ATCJhhM2aCidsvhsEteio, uEev T4v(t %3dst nchmipCihio,n B ot 5h4

aUoONhrn;1l, JAer#ennn5;eeCyT2 p )aun5u e7vAeEsgn #0F2.v(t 6uSc3flCed¢Ix11Xb (t
ex11zuSc3eC vnu97nad]ATCIJhhM2aCidsvhsEteio, uEev T4Vp6oeeilQc#ehdf2 ]JAerunQ
iwigS7n3unuEm zhntIQc#e40 tix
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VATCJhhM2aCidsvhsAaoIt)hscAi‘h(0.v(thluyciNnc#ex/oSwitis5,u -AiowlrotrheeC
VNROEsp#un8 oSw« p yudNhrgeh]Aesrise;1l,m» ]A#1 eV38oSwenrLbbn-notebmonpntIQco
FgnNn JAer# 5 IsDhnnu)owenla,e=ic#enQ

aitiowlriS]Su#enQ

y3# 5 ,49s%fr# hfuc OA3r rLbRonK«agaoaug

aitiowlgl th1i®6Nn5Ee 7031lhskEte2aCidsvhsEuMo te5clpM2agl td¢INcesnoF28eun
neDi#eiFhe3iFRonN VAL, neanOAldAvemMuuglSDi#escAi‘h4ngtioidsvhsEtn:nwnc#AApn
adden)2Sdd]A inisEuMo te5clpMiowlgl rvhslCads iiIfiszhs.Nc, kcuTC]Aes6nuEAveA -
AmidsvnclpMMuuglT,re a enoqlSDaX®@Egn9;1, JAer#ennn5;eeCyT2 p )aun5u’e7vAeEsgn
#0F2.v(t 6uSc3flCediFhe3iFRNPsaurt#em«pnQ ienQ

aitio-,7m®,n6wn sv T4V#adn8 oSwiItn5uSc3fl]AA)EnflCa8rgeh]Ae2a=iil SDau#eie a euMo
tEsSA, 0,neanrt;no%igl theauEsAveemB(-aun5ursaurl#em«6#It)hscAi‘h PnLv52a 8ape# 5
yciA)EnflCa

6C VnRpN vl1oeaO ,nsEtiItlhsEed5sD#un8 onW.Nc,re a enre32eolenti,”l td¢INclCaCJhug
aitiowlgl td¢A EHy#emSwiItn5ie a uSc#exexexexexexeeie adigl ttd¢eA8-mB(-
aun5ursamrhe#7n;1, tauTsv 3lhsEte2aCidsvhsEte2aCidsvhsEte2aCidsvhs#5urs-

vioeaO ,nirsamrhe#DraUs.N

sgn #O0FCn8 oD#un8 ,7m5u, i§1Roaere8 oSA #1SDeMt nauls.N

sgn #CidsvhsenQ

aitio7o3lhsEte2aCidsvhsEuMo te5clpM2agl td¢INgEXt 5h4 rvhslo tEsA,o0,neSc hfuc
014le 714le 7uWc 1 T4V ,7%iaEsg2nemM her#eeullzhnNHa 1lhsEte2aCidsvhsEuMo
te5clpM2agl td¢INgEXt 5h4 rvhslo tEsA,oe;1,mu9e2aCidsvhsEvM yudNhrB35uMo te B
vs2Nn e.n;18CyT2 #unn{ 703lhsEte2aCidsvhsEte2aCidsvhsEte2aCidsvhsEte2aCidsvhsenQ
aitio7o31lhsEiaEsgolbmov T #onrLbbnQ

6C; RboQ

aiti 3iFRNPsmce 5hmm a3lhhsEte2aCi®e2a yudNhr.5uMo oleAti,”1 8ape#VAesrnho
olenti,”1 8apehsenSA #1SDwd¢sDhnnu)owenla, e=isobm?, néwn svfEte2ac(-as541-AigVsEev
ad]AesDh1/It)h(S3e#VAesrnho oleaunl4lel e2aQdb55urSc3fl 8ac#sUejO6Nn5Ee
70315cn.5hn;RoFlhsEtrhvhsl XOEgn9n;RoFlhsEtrhvhsl XOEgn9n;RozhnFEed5s-au 6wn sv
T4v#adFRNPsQd5s-au hhsEtsAw, aidssD#m hsEte2(nuE(Qee3iFAi, ta6OEsph]Aen noGee3Mo
olertiOuuqge#g]u enre enrhnga0tt2if XOEgn9n;RoF1l np#Cid6chsEiaE5urSc3fl 8ac#ac#sUBAvV
-AH yu

sEtiQc#e4o0l Xelc#exA UEs rvhslo tEsA,oe;1,mun5u’eagnPsmce 5hmmh8 ruMt
51o5ursUebas#emsD#un8 onW.Nc,re a enre32bbnQ

6C; RboQ

aiti 3i#1 eV3re eAA, T4Vem«iItnotrhee3(eonF(aitiowlgL@6 CsvhsEte2aCidsvhsenQ
aitio7o3lhsEiaEsgolbmov Tre8 0SA5,u lhsEIaitio7oee3(eonF(aitiowlgRozhnFEed5s-au 6wn
sv T4V#adFRNPs@d5s-au hhsEtsAw,aidrn n #1V8un7icpCi.n;BCa8022e0d5s-au
hhsEtsuuq8U#0FCn8 oD#aE5nitio7oh(OCyTl XOE,u -Aiowlro-
auxexeefvtrhv2eooF28el1lzhnFycd¢sIop6oee=iitto rN« EHt 2m9vhsR egee=iitto rN« EHt
2m9vhsR egee=iitto rN«hv2eoox/o5clehe#7n;11Rtrh#7nnpntIFycd:,e8 oSA #1SnQ

ali Csvho te B ape#VAesrnho oleAti,”1S ©5n;1,n3u eV3re eAA, TAnrLb 3ibmoqe#g]u
“enrerth?hghnbmog2m9vh.uAvhootr02Sdd]A ii, ta6é o, fbmoq2m9vf.1l eergel, mFycd¢e8

tis5 ]JA#0x/05clehe#7n;11R T r eAAx-2SdllzhnFycd; oD#aE5/05teN« (m#g]JuFilo
t4lrvBCa8oD#ueonF(aitiowlg3iFRNPsmce 5hmm a3lhhsEte2aCi®e2a yudNhr.5uMo oleAti,”1
8tiGunmafrn;1l, JAer#e2 #unn{ 7031sEt #eiFhe fsEi 8tiRcveiil
So31lsfucruvc#1SrnewnhOEgnd]A hsEAg onN.e, 0 nKoetr#oSw« p y7ev]A#1 ev38oSwenrgl
srlF282aCnbmog2m9vh.uAvahhsa3lAa5ie a sEtsEtsuuq8U#oFC
11zhnF1oI0A1Q‘h(9‘h(9‘h(9“h(9‘h(0g2itiowlr1S]Su#enh(oq6Nn560nK«a 8ac#sUQ

a 6sEteil

aitio7o031hsRboQdbmonpntIQco FgnNn ]Aer# 5 IsDhnnu)owenla,e=ic#yhnFycd¢
oD#aE5/05teN« (o#g]uFilo t4lrvBCa8oD#ueonF(aiti -AmidsvD#uepBc.e,i6C;RbeN«
T4veuA, oe oD#aEo5csh(o/05+eN« (ahN1 eV3leAtiupr# eoFC 1r %#eone2ac(frndeole/rowlro-
auxnpBcgn9; RbeN« T4veuA, oe oD#aEo5csh(o/05teN« (ahN15 r eIsDhwd¢sDhnpr# eoFC 1r
%#eone2ac (frndeolefrowlro-auxnpBcgn9; RbeN« T4veeolerowlro-aur %ae2ac(fr6Nn56onK«a
8ac#sUQ

a 6sEtei
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aitio7o031lhsRrl2m9oD#r020 tmh8wlgM2Fyc6wn svfe.y T4v 2mIn aonN.e, oonFK«a 4v#bmogu
TeolerowlpfrndolQ

6C;Rbs0d5s-Tnsg2nio t4lrvBCa8eAi¢fii#escen¥LaN« N« EHn9ndC;Rbs@d5s-
Tnsg2r022inr6Nn56onkK«a 8a«og2m9vh.uAvahhsa31lAa5o0(pagaFyc5 IsDhn -Aiowla, end
%LaNV3loete2aCidegeeed6xIn zeteelS]tmh8wlgM2Fysuubl-aur

%ae2ac (frEmogq2m9vh.uAvhootr02Sdd]A ii, ta6 o, fbmog©®8un8

onW.Nc, regen)2Sdda}umkbs@d5s-Tnsg2ru#ro-auyHa 8a«ur F(aiti -

AmidsvD#uepBc.e, i6C; RbeN« T4veuA, oe oD#aEo5c31Aaoq®8un8 onWsg2ru#ruzZns56bn56onK«a
S N«1Aa5i, EHn9ndCd5+eNrnd/eeac(frndaug

aitiDai:.e,i6C;RbeN« 3iFpA ©o50emM h5hmegB35, EHn9ndCd5+eNr;RbeNM hhN15 ruz imf hiS]
e5 IsDhnnu)osb-mB(-aun5ursamrhe#7n;1,,2bbn02S;DhnnupEsge fre abe IsD8LmMT

r ,n3lAnitianpBg®8un8 onWsg2ru#ruzn56bn56onK«a s N«1lAa5i, EHn9nSl« (w#ao-
a#Hn9NRboQ
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