in thé Peri§e Tabl e.

Thi s conti nues until

a match obtains at which

agai T ipadeswith the same representations of the earlier file segments HOME Copy -

time the index for the earlier file segnent and the ‘of fset of the
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‘means that all versions are inherently similar.

l -1,

EFFICIENT AND SECURE UPDATE OF SOFTWARE AND DATA

An APPENDIX is attached which contains source code used
by the invention. The invention concerns a method for
remotely updating software or data, or both, which reduces
the amount of data transmitted, and is less susceptible to

interception.

ul
L ]

Background of The Invention

Electronic data transmission between computers via a
common-carrier telephone system requires speed and security.
Transmission speed can be enhanced by compressing the data
before transmission, while security can be protected using
encryption. Data compression is also beneficial for
encryption because it reduces redundancy in the data source,
and increases resistance to cracking attempts.

However, if a data file is compressed and encrypted,
the resulting compressed-and-encrypted data is based on a
single source. Data compression and encryption based on

single data sources are not perfect. “Unless great
redundancy exists in the data, compression does not perform
well, and high-speed computers working together with modern
crypto-analytic methods can crack most encryptéd data.

In many situations, multiple 1later versions of an
initial data source are frequently transmitted after slight
The fact that the changes are élight
The

inherent similarity can be exploited to compute a minimal

changes in the data.

transformation that transforms one version into another.

This process of computing such a transformation :s
called data differencing. Data differencing enhances
transmission speed because it reduces the amount of daza =o

be communicated. It also enhances privacy because a snccpar

without the earlier version cannot deduce too ~::zh
informat;ion fr_om the transmitted data.
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er in the matching current file index (segnent) are
Ila(r:zf' dg%‘r?r rarc1tthe MATCH Tabl e. gThe process then continues as above to:
the end of the current file. Only the XR product is calculated in
the event of [err] XR product [err]: the si teen bit and the thirty- f
two bit CRC products being generated respeclively . onIy in the event o

earlier matches of Ahmm@dfldofSIc&r@@@s@ to Cthdp BSlSnci techni
third program reages a_TRANSI TLON"Tabl e {i? % REARSs lqu??l

the current fil th £RG REEVARUSHY %ﬁléell%l eTlmw@nm&Jea "A tUniversal

scrol I's throughlgbeithst fof $egiensiabbid Wnprdbdiidh ML gHJTans 'ﬁérﬁ

see if each off unbg[) g g_fers Jf_ro he %é)rew ous one t he seg

size. \Wen sucﬁ‘ﬁ%n of f Set é PFdr s 1i"runr. he ARkl tﬁnndrnsfqrmtlon

the [err] st zeTheerywdds23 () segpent 33r72e-t(hz431,e Makst - pgfmet ﬁé’sczr'r:é?% m%
th r I rsf.chara

|d(r=;1E g; nma'??on esﬁ%ﬂ%@%ctgngﬁe <"?J“lrﬁj:@tesrle ére%éﬂgfﬁf ﬁ?gﬁ tfg' Thigewerifsnd¥ he

| ast characteran%%ﬂé%l{lg t&e @%#aerﬂertuﬂ!meanchﬂdftsat each ﬁ;ﬂtﬂd}ﬁt Sigd

st op
Che' character F’%’Eﬂ‘?“g 1%?%%$§§err baBHELe seqment " O R L |

lyzgdupanrteat | adueh tshe
MATCH Tabl e t & eme tRddhey pdrepdy analy
Transi t i orlOTaldegment) viE Eeuh]:l t Rgt e@i&idéd us:.nffe‘@ﬁé;‘g{n/? hgnéui)ro?lﬁ:&f e

f er r] Tab
: ?\f E)re;nral i o(r)1r [ te'rr [‘-Tq-gr]]ﬁl acfcd:ﬁ’rﬁ “\?3" matched datie arer cutpuitums -

represents a ritch in the early file of segrrent characters to thi current
file characters at an implementation of this algorithm was the subject of
U.S. Patent number 4,464,650, August 7, 1984, by W.L.
15 Eastman, A. Lempel, and J. Ziv. The Eastman-Lempel-Ziv
compression method is slow on de-compression because it has
to do roughly the same amount of work during de-compression

as during compression. It also does not apply to data
differencing. _ |
20 On UNIX systems, differences between text (not binary)

~files can be computed using the program "diff," which
Produces a set of lines that must be deleted or added to
transform the first file to the second. The "diff" approach
can produce very large transformations because small changes
25 in text lines cause them to be considered different.
Further, it only works on text files, so it has a limited
range of applicability.
_ The article "The String-to- -String Correction Problem
with Block Moves," by Walter F. Tichy, contained in ACM
30 Transact:.ons on Computer Systems, 2(4): pp. 309 - 321,
November, 1984, describes an algorithm to compute a set of
instructions called block-moves to transform one version of
a data file to another. A block-move is a data segment in
the second versi.bn that matches another segment in the first
35 version. This algorithm is essentially unrealized and does
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which is equal to the index [err] the segment size in
?enr] t he sane .process followed for a del etion.

second program if no match objained-for in earlier file

not take advantage of any redundancy inherent in the second
version to minimize the transformation needed to construct
the second version from the first version.

Summary of The Invention

In one form of the invention, a computer program
compares a first and a second, later, version of a file, and
produces a sequence of 1nstructlons The instructions allow
replication of the second version, based on the first
version. .

The instructions are of two types: One type is a COPY
instruction, which orders copying'of a specified sequence of
characters into a file being constructed. The specified
sequence can reside either in the first version, or in the
file under construction.

The second type is an ADD instruction, which orders
addition of a sequence of -characters, which accompanies the
ADD instruction. When the instructions are executed in
sequence, they produce a concatenation of sequences, which
are COPIED and ADDED, producing a replica of the second
version.

Brief Deacription of The Drawings

Figure 1 is a schematic of how the invention is used
for data communication between computers.

Figures 1A through 1I explain, by analogy, principles
used by the invention.

Figure 1J illustrates a security aspect of the
invention. '

Figure 2 gives an example of two versions of a data set
and a set of instructions to transform one of the versions
to the other. _ _

Figures 2A through 2E illustrate operation of the
procedure described in Figure 3.

Figures 2F through 2H illustrate operation of the



>

the end, of the updated file (or over a pr edet erm ned nunber of

segnents as condi ti oned by.the character of the file), would have

proceed to [err] to nmatch the next index.[err] representations in
the TOKEN Table with a current file segnment 4 with no offset entry
havi ng been nmade in the MATCH Table for the index of t he
segment that wa¥ocedure @esqrthkcﬂmgﬁ'i{gﬁfetg]e |ndex and

representations of t f the [err] . of the
current file V\Kiu| d EE%B‘{[}@( dSQE:},-&SEs {éﬂﬁa cfe.f.go %Pré?ﬁf radn aupsendo-C
entered in the f@ﬂ?éﬁgﬁable [err] the mat ch of the [err]

representati ons occeigthrel2eghBivsd o] e thro h the
MATCH Tabl eg of ;%FE gglt s t he %%SEPEQQS?FE& éﬁLo ﬂl& g ?lé Frins ruct:.ons

t hat nunber fo g{‘l educed characters if any in the current file

bef ore the next offB’égurlenisod@g@r'E_IB@gSItHeOg %239
file. Typically, a I,.ggH Hgg% gnd t he ez?rllé?lfgﬂ;l cﬁ‘{%m file are on
an off-site |ocation e K& ?PCf«P?aBN%EFErP}'OC ere| esed an @idyre
transnmitted th®reto. The fourth programwi 'l "exani ne the indexes and

of fsets of the TRANS{ a S nt formearller file V\,here
t he proceedi ngb_( of f set g‘rélr Qéscrfggg Qﬁ §&g§ %’é@rﬁbﬁ’ﬁ@ imtRigves

is to be aYupRicate version of
Figure 8 describes the EXTEND procedure used in Figure
5. '

Figure 9 shows the inserted positions of the example
VERSION1 and VERSION2 data of Figure 2.



t he u‘pd ted file, [err] additions where the offset nunbers differ
fromthe proteeding ones by nore than the segnent size with the
information provided in the TRANSI TI ON Tabl e and substitutuions from
the TRANSI TION Tabl e where the of offset _nanhers are m ssi ng.

As observed earlier, the TOKEN Table [err] representations

of file segments mayikmrdie 10 OBHEWS [ E€hE] SSCUHS! VRsdSidd Ut tgﬁﬁwo“ded

characters in success
cyclic redundaﬁ8§%
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. file segments and of generatin

YA eaHg _ _
EREERERS %W_s‘lfor each ealier file segnent.
Detailed I ot _

A simplified analogjr will explain some of the more
fundatr_tent_al aspects of the invention. A technical
explanation of computer code which implements part of the
invention is given later, beg:i:n;;ing in the section entitled
"The Invention". |

Analogy

Assume that a newspaper reporter and a newspaper editor
are writing an article together, but at different locations.
Assume that they both have written VERSION 1, which is shown
in Figure 1A. Assume that the reporter has made the changes
shown in Figure 1B, resulting in VERSION 2, which is shown
in Figure 1C (the boxes indicate the locations of changes) ,
and wishes to send this version to the editor. The
following procedure will allow the reporter to send VERSION
2 to the editor, but without sending the entire contents of
VERSION 2.

: Procedure
First, the reporter assigns a position to each word in
VERSION 1, as indicated in Figure 1A. There are 50

positions, corresponding to the 50 words.

Second, the reporter ascertains the vocabulary of
VERSION 1. The vocabulary is a list, or table, of the words
used, as indicated in Figure 1A. -Note that each word
appears in the vocabulary only once. For example, the word
"them" at position 18 is not entered into the vocabulary,
because this word previously appeared, at position 16.

In order to assure that each word appears only once,
the reporter, as each word is entered, checks to see whether
that word already exists in the table. For example, the



¢ ‘ i i ted, but do not
Correspgndi ng XR products are nmost quickly generated, _

[err] 2ﬁaracfer order differentiating; a sixteen bit CRCw Il catch
nost of those transpositions; a relatively slowy generated thirty-two

: : As
bit CRC product will detect [err] all of thent
observedpearlier the MATCH Table is generat& by the [err] program

Porr] of the cqrPoHter; Btlne thia 2ty vere.r ABRESet afhens thearsporter
wi ndow wi th antrkeex' thasswmrdt att rpostbdnca, repupsagt atignyi R it
..=~f. bau WaMMinst. ¥he first word in the vocabulary, namely, "when".
There is no match, so the reporter enters "buying" into
5 position 2 in the vocabulary.
The reporter proceeds in this manner until the word
"them" is reached at position 18. When checking this wbrd
against the previous 17 enti‘iue-s in the vocabulary, the
reporter finds that "them" matches "them" at position 16 in
10 the VOcabulary: Consequently, the latter "them" is not
entered into the vocabulary, because it would duplicate the
previous "them." .
When the last word in VERSION 1 is checked for matches,
the vocabulary becomes complete. VERSION 1, which is 50
15 words in overall length, contains only 38 different words,
as indicated by the length of the vocabulary.
Next, the reporter establishes a vocabulary for VERSION
2, as shown in Figure 1C. VERSION 2 has the same vocabulary
as VERSION 1, with the exception of three additional words,
20 indicated as NEW WORDS. Now the reporter ‘is ready to
transmit VERSION 2 to the editor.
The reporter transmits VERSION 2 by transmitting the
following six messages, or instructions, each of which will
be explained by a respective Figure in Figures 1D - 11I:

25 1. COPY 2 1
2. ADD 1 Hawaiian
3. COPY 3 3
4. ADD 1 all
5. COPY 37 8
30 6. ADD 2 a brick.

Instruction 1
By pre-arrangement, the reporter and the editor se- i

instruction, "COPY 2 1" means "COPY the sequence of 2 wecr:s



thi sispermhit CMC product. On sixteen hit CMC match. it is
éggifg;$grtoydo a thPrty-tmo bit CMC natch fpr nost appllcatLpnﬁ g?
achi eve practically one hundred percent 'curtalns. _The gege&amkgre
the CMC product is a relatively slow process and is avoide e
possi bl e as on XM as swatch. However,the gréat benefit of avoiding

operations subsequent to

[ . . in _ ‘ _
gs?coggle(r:\ljlegt Iear :lugfria%é e detactBIFLOn K s ARt cHERSIONgndnt (In each

si zed wi ndow riEpPtereetion, binlis anpldcharaciekhd ﬁgk-_agegggtspfécégeat the
wi ndow i n the sarNesk {h1grkgIERELALEd HpoN Ct)oegaeéieém ne Itb o .
representations and conpare’t an‘Jﬁt e ? 1ORepPes nwat?gr igur
upon successortP. windows unitl a match obtains or the end of file is

' i ' y:.generated epolosive or (XX)
ety TB eher e LAk éﬂgrgy#ggkyﬁ%gnnre sl ow y generated cMC

B{ggﬂg::":ngigﬂ!yﬁggﬁgﬂ%ﬁgg%gp%f wog s;igbacahnggpssﬂeﬂon in VERSION 1].
Applicani haS'furtM@teﬁEﬁﬁmiﬁwihéh@&etfﬁstféfﬁféhyethe editor moves the
POINTER by the "number of words" in the COPY instruction,
which, in this case, is 2. The POINTER is now located as

10 shown in Figure 1E. -

Instruction 2
Instruction 2 states "ADD 1 Hawaiian, " which means "ADD

the one word 'Hawaiian'." This operation is shown in Figure
1E. Note that the syntax is
15 ADD [number of words, words themselves] .

After following the instruction, the editor moves the
POINTER by the "number of words" in the ADD instruction,
which, in this case, is 1. The POINTER is now located as
shown in Figure 1F.

20 Instruction 3
The third instruction, "COPY 3 3" means "COPY the
sequence of 3 words which begin at position 3 in VERSION 1."
This operation is shown in Figure 1F. Note that the syntax
is identical to that of instruction 1. '

25 | After following the instruction, the editor moves the
POINTER by the "number of words" in the copy instruction,
which, in this case, is 3. The POINTER is now located as
shown in Figure 1G.

Instruction 4 _
30 Instruction 4 states "ADD 1 all," which means "ADD the
one word 'all'." This operation is shown in Figure 1G.
Aﬁtef following the instruction, the editor moves the



. prdducts can-be expodited shift of the w ndow under
consixderation. Thus the dow XR product need not involves the
exclusive-[err] of such of the characters of the new w ndow rather
only the exciting character and the [err] character [err]
segnment. The second to a subtraction of it & romthe segnment product.

Another feature of the invention is that the ampunt ri;al___that. nust

be tranthteﬁP¥QF$%ebYoFF§ﬂ%Qyéb?F ?ngFrgs' lnrkhenxbsn&Pﬁﬁfﬁf%ﬁﬁﬁT@

| ess than fulvEcker tgnthis%ase, is0fl.theThd cPOINTEReis now located as
shown in Figure 1H.

Instruction 5

5 The fifth instruction, "COPY 37 8" means "COPY the
sequence of 37 words which begin at position 8 in VERSION.
1." This operation is shown’ig Figure 1H. Note that the

syntax is identical to that of inmstruction 1.
After following the instruction, the editor moves the
10 POINTER by the "number of words" in the copy instruction,
which, in this case, is 37. The POINTER is now located as

shown in Figure 1I.

Instruction 6
Instruction 4 states "ADD 2 a brick," which means "ADD
15 the 2 words 'a brick'." This operation is shown in Figure
1I. Now VERSION 2 has been constructed. '

' S8ignificant Features

VERSION 2,. shown in Figure 1C, contained 43 words,

which themselves contained 163 characters. However, the set

20 of six instructions contained 27 characters, plus the
instructions themselves (ie, COPY and ADD). If each
instruction and each character is encoded as one byte, then

the total message equals 27 + 6 characters, or 33
characters. Transmittiﬁg 33 characters takes a

25 significantly shorter time than transmitting 163 characters.

The Invention _

The previous analogy was a simplification, and does not
jllustrate all of the features of the invention. Figure 2
jllustrates two VERSIONs of a file, together with a

30 TRANSFORMATION, .which allows construction of VERSION2 from
the combination of VERSION1 and the TRANSFORMATION itself.

———
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DESCRI PTI ONSCF rRBIIRAUNGS One,, eachTRRa®add:0LHoLath GERS ol Gt Hinien anr
advant ages  of iR ered I‘éigﬁtogﬁ” 3% shown i B inine (3 ¢ heFdrretamsan 0gs

mgr fef’lnl oz Sgr YERSION. 14i bheafil oSt '8y YorrupEP plisit ich o1e FRYCPILED: vy
occupies position 1, and so of. _
. Two, the numbered positions in VERSION 2 begin after
10 the highest-numbered position in VERSION 1. Thus, since the
highest position in VERSION 1 is "15," VERSION 2 begins with
"ie. "

Three, a pointer (which isg a variable in the procedure

of Figure 3) indicates a current position, as indicated in
15 Figure 2A. '

Four, the TRANSFORMATION contains instructions. There
are two types of instruction, namely, ADD and COPY. The
operation of these two instructions will be explained by
-showing how VERSION 2 is constructed from VERSION 1.

20 . Instruction 1

In Figure 2B, instruction 1 of the TRANSFORMATION is
executed. This instruction, "COPY 4 0," states, in effect,
"COPY the FOUR characters beginning at position ZERQ in
VERSION 1 to the pointer in VERSION 2. (The underlined

25 words refer to the words in the instruction: EFQUR refers to
4, and so on.) Figure 2B illustxates the operation.

It is significant that, in this instruction, the
charscters used to generate VERSION 2 are obtained from
VERSION 1, not from the instruction itself. Thus, if the

30 instruction were obtained via a telephone transmission, an
eavesdropper would obtain no information usable in
ponstructing VERSION 2 because the eavesdropper is presumed
to have no access to VERSION 1.

The syntax is
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Fi'gure 3 is a representation of the contents of the
updated file: products of [err]

- 10 -

COPY [number of characters, starting position].

Instruction 2 _
In Figure 2C, instruction 2 is executed. This

instruction, "ADD 2 x,y," states, in effect, "ADD the TWQ

characters x and ¥ to VERSION 2, beginning at the pointer."

ft is significant that,;_in this instruction, the
characters used to generate VEREION 2 are obtained from the
instruction itself. Consequently, an eavesdropper does
obtain some information -about VERSION 2. However, in
practice, this type of instruction is expected to be
intermixed with so many types of COPY instructions (which
contain no information) that the eavesdropper would obtain
no significant information about VERSION 2. '

Nevertheless, it is possible, in theory, that the
TRANSFORMATION may contain ADD instructions exclusively, in
which case the eavesdropper would obtain VERSION 2 in its
entirety. Or the number of ADD instructions may be very
large. To prevent an eavesdropper from obtaining
information ftom these ADD instructions, an encryption
option is provided, which is discussed later.

The syntax is of the ADD instruction is

ADD [number of characters, characters themselves]

Instruction 3
In Figure 2D, instruction 3 is executed. This
instruction, "COPY 6 20", in effect, states:

generate a COPY, which is gix
characters long, using the characters
residing between position IWENTY and
the pointer, and place them at the
pointer.

The result is the sequence xyxyxy, as indicated.
(As another example, if the COPY statement read "COPY
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E%Elr\le-rgbls:t goport h a TRANSITION TAble reflecting the differences

Figure 7 is a
d 3;

inthe tw files of Figs.2 an 1Ficst or

flow chart setting forth the method of the1¥i| Figure 8 is a flow

TOKEN Tabl e gengr a s.ng REeRY &ffestoompuld have stateq ORENRTCH
chart setting fort ematf’fgd 4n o Figure O is a flow chart

Tabl e generating program Figure 9 is a
setting forth the method Q L_Qgt thhggfoﬁrl%!m whigh  is

8ix
flow chart setting forth cE , hat eiZ ot the
Figure 10 is a flow chartr§§§_ag_ﬂ % hél%ie%oﬁ chiagr rEfre

fourth 3 't @l%@éam themt o |
Fgure 11 sets forth a MG ERS &n@&p ure 12 set forth a TRANSI TI ON

that of Figure 5; T
Tabl e hawgg an alternate ([err]) fo

Figure 13 sets fort The TRANGEAEEN i & lﬂavt':ﬂ*g %n(%.trﬂ:%rr (vlvg/E}.d have been
dxydxy, because the Seéquence residing between position
nineteen and the Pointer is dxy.)

10 It is significant that, in this instruction, the
characters used t.o generate VERSION 2 are obtained from
VERSION 2 itsgelf. Thus, it is Nlow seen that the copy
instruction uses two sources, depending on the address
specified. 1In this instruction, the address (ie, the "20"

15 in "COPY 6 20") indicates VERSION 2 (ie, the address is
greater than 15). VERSION 2 is the source for this command.

In contrast, if the address were 15 or less, then
VERSION 1 would have been used as the source.
- This approach, in effect, allows one to expand the

20 vocabulary, using ADD J.nstructlons Then, when VERSION 2 is
found to contain characters which are (a) not in VERSION 1,
but (b) contained in the expanded vocabulary (because added
earlier), a cCopy instruction can be used. The CoOPY
instruction has two benefits.

25 One is that a CopYy 1nstruct:|.on can insert ‘a large
number of characters, merely by indicating their total
number, and starting position. In contrast, the ADD
instruction requires the characters themselves to be
transmitted, which entails a longer transmission.

30 A second is that, as discussed above, the ccry
instruction contains no information, unless an interceptor
of the instruction also happens to possess VERSION 1.

Instruction 4



The system concept of the invention is shown in Fig.1. A [err]
[err] a - data file 10 (Figs.l1l and 2) such as "This is a test file."
in a menory generally indicated by the nunber 12 of a conputer

14, woul d at the start of the working, "activate a fine programis
(My.7) also in the conputer nenory to potZition the earlier file

into five characters segnments, generate XR and CMC products_for [err]
In Figure 2E, .instruction 4 is executed. This

instruction, "COPY 5 9," in effect, states: "COPY the FIVE
characters beginning at position NINE in VERSION 1." This
instruction resembles instruction 1.

5 Reference to Process of Figure 3
Flgure 3 illustrates a process by which a computer can
construct VERSION 2 from the comblnatlon of VERSION 1 and
the TRANSFORMATION.
In Figure 3, line 2 initializes a variable ¢, which is
10 used to compute the pointer shown in Figures 2B - 2E. The
pointer is computed in lines 9, 13, and 14, as appropriate.

Instruction 1
Instruction 1 (COPY 4 0) of the TRANSFORMATION shown in
Figure 2 is executed in line 13 in Figure 3. The variable
15 "p" indicates the starting position of the source data, is
obtained from the instruction, and equals 0. Since "p" is
less than "an" (line 12), the source lies in VERSION 1.
Consequently, line 13 is executed, because of the IF-
statement, and the data is copied from VERSION 1, beginning
20 at position VERSIONl+p, which is position 0. The variable
ngn indicates the number of characters, is obtained from the

instruction in line 7, and equals 4.

. The pointer is updated on line 16.

Instruction 2
25 Instruction 2 (ADD 2 x,y), is executed on 1line 9,
because of the IF-statement on line 8. It places a sequence
of characters, which is of length "s" (which equals 2) at
the location VERSION2 + c¢. The pointer is updated on line
16.

30 ) - Instruction 3
Instruction 3 (COPY 6 20) is executed on line 14,
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Tabl e which [err] deflnes_mhat_ls or f38£§ﬁ$¥fggeg this by srcolling
not or was in the earlier file.

h the offsets'q?QqﬂFqWHR}41@bb&ecmmed'op 1ihgoF§’ai;&geﬁﬁéggg%giggr
thrOijgindices lghecking to see if it dlffer_st Lgn}es DEEVEONS
gsgget-by the’segnent el se. When it doesn't. i p

' he
[ rial between the end of t
fite mte 10 Generation of TRANSFORMATION

Figure 5 contains 4 procedure which examines .each
VERSION, character-by-character, and generates the set of
instructions which allows construction of VERSION 2 from the
combination of VERSION 1 and the instructions, which are

15 called a transformation. The transformation of Figure 2 was

discussed above. The general approach taken by this
pProcedure is the following.

. Run 1 .
VERSION 1 is processed first. VERSION 1 is shown at
20 several locations in Figure 2F. The code of Figure 5 agks
whether the four-character Sequence beginning at position 0
matches a four character Sequence beginning at a previous
position. Of coufse, since nothing exists pPrior to position
0, the answer is No. Thus, position 0 is flagged with a

25 carat, as indicated in the row labeled RUN 1.

Run 2 _ :
On the second run, the code asks a similar question,
namely, whether the four-character Sequence beginning at
pPosition 1 matches a foﬁr-character Sequence beginning at a

30 previous position. The answer is No, and a flag is placed
at position 1. '
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Runs 3 and 4
In a similar way, flags are placed at positions 2 and
3, resulting in the flagging shown at RUN 4 in Figure 2F.

Run 5

Run 5 produces different results. In RUN 5, the code
asks the usual question, Does ghe four-character sequence
beginning at position 4 match a four-character segquence
beginning at a previous position ? The answer is Yes, at
position 0, as indicated in the row labeled RUN 5. Position
4 is not flagged, and the EXTEND function (llne 16, Figure
5) is called into action.

The EXTEND function asks how long the match extends.
It asks whether the next position after the matched block
(the matched block occupies positions 4 - 7, so the next is
position 8) has a match located four positions earlier. The
answer is Yes, as indicated in trial TA.

It then asks whether the second position after the
matched block, position 9, has a match 1located four
positions earlier. The answer is again Yes, as indicated by
trial TB. This inquiry continues until a position is
reached, in trial TE, where no such match is found.

The EXTEND function has thus ascertained that the match
extends for eight positions, from position 4 through
position 11. Because of the logic of the code, the last
three positions of the extended match are flagged, namely,
the "BCD" located in "RUN 5 RESULT."

Run 6
Run 6 asks whether the four-character sequence
beginning at position 12 (ie, the rightmost "e") matches any
four-character sequence beginning at a position occurring
previously. The answer is No, and a flag is placed at
position 12, as indicated in the row labeled RUN 6.
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i ndi cated by the nunmber 34 which receives the TRANSITION Table in section
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the menory 34, representing the file as it 1s updated at the end of the
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duplicate file.; e te r er : , ]
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segnents (here h clFE® edLtidd t Bearch gppintei Are eliminated, the

overall searching time is reduced.

Processing of VERSION 2
_ First Four Runs
15 VERSION 2, the updated version, is processed next. The
code asks whether the four-character sequences beginning at
positions 16, 17, 18, and 19, shown in Figure 2G, have
matches which begin at previous positions. The four-
character sequence beginning at position 16 matches with
20 that beginning.at 0, but the latter three do not, so
positions 17, 18, and 19 are flagged, as indicated at the
top of Figﬁre 2G.
The EXTEND function finds no extended match. The code
of Figure 5 jumps to line 29, where it issues the "COPY 4 0"
25 instruction, which was explained above, and appears in
Figure 2. _ o _
The overall results are indicated by the arrow labeled
OUTPUT. Three characters have been flagged, and a COPY
instruction has been issued. It is important to note that
30 these flagged characters are later treated as search
~initialization points, just as are the flagged characters in
VERSION 1.



Characters of a segnent are

:the characters of each of the segnents. _ :
nornally represented by bytes of eight luvury bits each mGrch gerrg
are exclusive-[err] in turn, the first was being excl usi ved-ore a? I
then that product with the byte of the hext character, and so on un

the |l ast character (here the fifth) has - 16 been exclusrve ored, and the

stored in the
product (exclu5|ve1@{ baeﬂg % Ffbure 5 asks whether the four character

sequence "xyxy“, beginning at position 20 (which resides in
VERSION 2, shown in Figure 2G, in the section labeled RUN
5), has a match which begins at a previous position. The

5 code searches, starting at each fleg, including those now
existing in VERSION 2.

Further, at each flag, the code searches both forward
and backward. (This forward- backward searching was not
mentioned previously, for simplicity.) The overall

10 searching is indicated by RUN 5 in Figure 2G. Because the
searching (a) starts with each flag and (b) searches for
four characters, both forward and backward, every four-
character sequence of trial T1 through T12 is examined. 1In
addition, similar searching is done, starting with the

15 flagged positions in VERSION 2, namely, positions 17, 18,
19, and 20.

No match is found," so the "x" at position 20 is
flagged.

Run 6
20 The code of Figure 5 asks whether the four-character
sequence "yxyx", beginning at position 21 (which resides in
VERSION 2), has a match which begins at a previous position.
As for position 20, the code searches, forward and backward,
beginning at each flag, including those in VERSION 2. No
25 match is found, so position 21 is flagged. The currernc
flagging is indicated at the upper right part of Figure 2§.

Run 7
The code of Figure 5 asks whether the four-charac:-=r
sequence "Xyxy", beginning at position 22 (which resides :n
30 VERSION 2), has a match which begins at a previous posit::zn.
The answer is Yes, at position 20. Thus, position 22 is n::
flagged, as indicated in Figure 2H, and the EXTEND funcs: o
(line 16 of Figure 5) is entered.
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?ﬁat he right ®ERdiesuedn, t KThendegumentg "add® i@ Nwe :ilr?rlri]necoié”gésfer

i ndi cati ngo abeya-Hdepp H.rn%q:‘i‘ifci:i%rﬁ [ &L arguments "pos" and "len" refer
to the COPY instruction.)

Run 8-
The code asks whether the sequence "bcde", beginning at
position 28 (See' OUTPUT box in Figure 2I), has a match
15 beginning at a previous position. The answer is Yes, at
position 9 in VERSION 1 (see Figure 2G, upper left). Now
the EXTEND function is called, which determines that the
match extends to an additional character, the "f".
The code, at line 29, then issues the instruction "COPY
20 5 9r, The four instructions of Figure 2 have been
generated. VERSION 2 can now be reconstructed from VERSION
1, plus the instructions.

Characterization
The preceding overview illustrates the following
25 principles: _
ONE, once it is determined that a position represents
a previously matched sequence, that position is not flagged,
and consequently, subsequent searches are not initiated at
that position, because such initiation would be redundant.
30 Thus, a reduced set of searching positions is obtained (if
possible) . '
TWO, VERSION 2 is constructed from two types of
sources, namely, (a) sequences copied from either VERSION 1
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or VERSION 2 and (b) sequences ADDED to VERSION 2. Further,
the ADDED sequences can be used later, in copying
operations.

From another point of view, if a first user possesses

VERSION. 1, and if a second user possesses both VERSION 1 and

VERSION 2, the first user can construct a replica of VERSION
2, if the second user identifies the following sequences of

e
L]

characters:

(a) those to be copied from the first user's

VERSION 1, (b) those to be added to first user's

VERSION 1, and

(c) those to be copied from the first user's

replica of VERSION 2.

THREE, each flagged position represents the starting
point of a possible vocabulary word. Analogous words are
shown in Figure 1A. However, unlike the vocabulary of
Figure 1A, the vocabulary of each flagged position
represents numerous possible sequences.

For example, assume VERSION 1 is the following:

abcdeFghiijk.
If the upper-case F (position 6) is flagged, then it can
represent the folldwing sequences:

£ f£g fgh fghi fghij fghijk.

These sequences can contain other flagged positions.

- Therefore, a single flagged position can represent
multiple sequences for copying into VERSION 2. Thus, this
flagged position can appear in multiple COPY instructions.
For instance, "COPY 3 6" means COPY "fgh." "COPY 5" means
COPY "fghij". '

Security Aspects
As mentioned above, the ADD instructions contain
information as to the content of VERSION 2, and this
information may .need security protection. One approach to
security is shown in Figure 1J.



- The 'fol | owi ng expressions represent conbinational  pariations of
t he above rules which. in the context of this invention may be used to

provi de additional effeciency benfits: Wher eas t he
regul ar XR (segnent) product termis the XR sum of go-7] =
Q0-3] = HO-1], subterns (Qand H...) n‘aylfbe‘lntroducedto_l_h I f
add precision (qualjt to the XR test e quality o
the XR test is i np&r‘rl"t% D $pstruFtion of Figurechcl'ADD 2 x,y"), which ike

engi ne dependsenmqnlé)mbﬁﬂﬂméﬂ tby cohthha éprQﬁEfr?tHDéelicat%ont%étﬁ%?e
recise XRte on ess frequent .fallluc 0

gxpen5| ve CRC%%“‘%;?[}S&{]t 35 Ad ’%‘ a‘%‘fﬁlec‘* %H%Féhia}t’ﬂ%ed)@$%‘€%'r€@ﬂ .
be i npl ement eSENT ial Eu.gdrtaolét artharsl pm[rﬂ:(ent} ifserRel, which indicates the
Currently guppgmted processor enivornents favor a two team XR

test:
The information sent (ie, the bytes representlng "x"

and "y") is then EX-ORed with the data beginning with the
"c". Figure 1J, left side, lndlcates the EX-OR operation.
The instruction sent is "ADD 2 2" plus the result of the EX-
10 OR operation. This EX-OR result contains no information of
value to an eavesdropper, because the eavesdropper has no
access to VERSION 1.
The data contained in the received instruction,
indicated on the right side of Figure 1K, is EX-ORed with
15 the same data in VERSION 1, namely, that which begins with
the "c". This EX-ORing recovers the original data, namely
"x,y".
This procedure exploits 'a property of the EX-OR
operation, namely, that EX-ORing a first word with a second
20 word produces a third word. ED-ORing the third word with
the second recovers the first.
Thus, from the transmitted instruction, which is
ADD 2 2 [EX-OR result],
one obtains
25 ~ ADD 2 x,y,
‘which is the intended instruction.

Important Considerations

1. The order in which the COPY and ADD instructions

occur is, of course, important. If they are scrambled as to
30 order, a different VERSION 2 will be obtained.

From another perspective, the sequence itself is a type
of information. The sequence can be viewed as a permutation
of the instructions. The permutation contains information,
just as permutations of the Engliéh alphabet create words,



-[err] ' If sufficient [err] are included, the reliablilty

of the XR* ’ product or [err] may be [err] sufficienlty such
that the [err] . requirenents for the CRC tests may be rel ated
and the m ni num ' “reliability requirnent

achi eved in a nmore 4 tinme effé&@ive [err]

which convey information.

Of course, the instructions could be transmitted in a
scrambled order, if information is included which allows
reconstruction of the sequence. For example, each

5 instruction could be numbered.

Irrespective of how execution of the proper sequence of

instructions is attained, the ggecution produces a replica

of VERSION 2, by a concaténation process. That 1is,
returning to the example of Figures 2B through 2E:
10 1. First "abcd" is written into the
replica (Figure 2B). "abecd" is taken

from VERSION 1.
2. Then'"xy" is concatenated (Figure
2C). "xy" is obtained from VERSION 1.
15 3. Then '"xyxyxy" 1is concatenated
(Figure 2D). "xyxyxy" is obtained from
VERSION 2. (Alternately, four pairs of
"xy" could have been taken from VERSION
1 and concatenated in step 2. This
20 would be less éfficient, however.)
4. . Then "becdef" is concatenated
(Figure 2E). "bcdef" is obtained from
VERSION 1.

2, Further regarding Consideration Number 1, above,

25 the Inventors point out that each COPY and ADD instruction

contains the length of the passage to be COPIED or ADDED.

Thus, for any given COPY or ADD instruction, the address

within VERSION 2 where the COPYING or ADDING occurs can be

readily computed, based on the total preceding lengths.

30 (The code of Figure 3 illustrates this, because the pointer
is computed based on these lengths.)

3. The invention can be used to update any type of
data file. It is not limited to text files, or to files of



) w chart of Fig. 7 detlails the operation of the first

.ngg£;ﬁ1 Char acter's arg.read fromthe earlier file [err] and dmhe?héhe R
fifth character is encountered, an index counter is |ncrenent§ , et
and CRC products calculated,- the index counter contents an pr%nce S
stored in the TOKEN Table, and the charattét counter reset.
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not used. Only those representing alphanumerics, and some
punctuation, are used. .

In "binary" files, all possible 256 combinations are

10 used. The invention can handle binary files. 1In contrast,
differencing programs of the prior art can handle only text

files.

4. The invention is not limited to remote replication

of VERSION 2 from a stored VERSION 1. In addition, a later

15 version of a program can be stored at a single location, by

using the ADD and COPY instructions, rather than storing the

version in its entirety. This approach will save storage

space. ‘When a version is desired to be reconstructed, the
program of Figure 3 is executed. ) '

20 - 5. It is not necessary that the version of a file
which is reconstructed be the actual, chronologically later
version of an earlier file. For example, VERSION 1 can be
reconstructed from VERSION 2.

_ Technical Discussion
25 A  more technical discussion of the code given in
Figures 3 and 5 will now be given.

Overview
A data file can be considered as a sequence of bytes.
On virtually all current computers, a byte is the smalles:
30 natura; unit that can be compressed efficiently in terms -:¢
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Storage, communication, and in-memory data manipulation.
Though the term "data file" often refers to a file when
stored on-disk, the Present invention also allows such a
sequence of bytes to be some segment of main memory.

5 Figure 1 shows an example of using the present
invention to keep data in synchronization between two
compufers; First, on the sdurcg computer, the two versions
of the data, VERSION1 and VERSISNZ, are compared to produce
a transformation that takes VERSION1 to VERSION2. This

10 transformation is transmitted via some communications
channel to the target computer. Then, on the target
computer, the transformation and the local copy of VERSION1
are used to reconstruct VERSION2.

Coding and Decdding Transformation Instructions

15 The transformation computed by the present invention
consists of a sequence of two types of instructions, COPY
and ADD. During the reconstruction of VERSION2, the COPY
instruction defines the position and length of some existing
segment of data to be copied while the ADD instruction
20 defines a segment of data to be added. Figure 2 shows an
' example of two data files in which VERSION1 consists of the
Sequence of bytes "abc dab cda bed efgh" (spaces are added
here for readability). VERSION2 consists of the sequence
"abc dxy xyx yxy bcdef." Thus, VERSION1 has length 16, and
25 VERSION2 has length 17. The transform shown in Figure 2
shows the instructions needed to reconstruct VERSION2 from
VERSION1. Note that we use the convention that positions in
'VERSION1 are coded starting from 0, while positions in
VERSION2 are coded starting from the length of VERSION1.
30 For example, the third instruction of the transform in
Figure 2 is a copy instruction that copies 6 bytes starting

from position 4 of VERSION2, which is coded as 20.
Figure 3 shows the procedure of how the reconstruction
of a version is carried out in general. Line 1 initializes
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copy position in VERSION2 by the length of the newly
reconstructed data. The copy() function is a simple

15 function to copy data from one area of disk memory (or main
memory) to another. However, the readinst(), readsize(),
readpos (), and readdata()' functions must be defined, based
on some concrete definitions of how the COPY and ADD
instructions and their parameters are encoded.

20 Applying the procedure of Figure 3 to the exaﬁple of
Figure 1, we see that there are four steps in the decoding.
The first step copies four bytes "abcd" from VERSION1,
starting at position 0. THe second step adds 2 data bytes
"xy". The third step copies from VERSION2 6 bytes starting

25 at its position 4 (counting from 0 and coded as 20 by our
convention). Note that at the start of this step, only the
first 6 bytes "abcdxy" of VERSION2 have been reconstructed
as only the two bytes "xy" are available to copy; However,
since data is copied from left to right, whenever a byte is

30 to be copied it will have been constructed. The fourth and
final step copies the 5 bytes "bcdef" from positioh 9 of
VERSION1. '

We now give a description of the encoding of COPY and
ADD instructions. This particular embodiment of these
35 instructions are <chosen since in the Inventors'

———
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experimentation they perform well for many different types
of data. GIven the deécription, the readinst (), readsize(),
and readpos() functions above can be straightforwardly
implemented. Each instruction is coded starting with a
control byte. The eight bits of a control byte are divided
into two parts. The first four bits represent numbers from
0 to 15, each of which defines 2 type of instruction and a
coding of some auxlllary lnformatlon Below 1is an
enumeration of the first 10 values of the first four bits:

0: an ADD instruction

1,2,3: a COPY instruction with position

in the QUICK cache; |

4: a COPY instruction with position coded as
SELF;

5: a COPY instruction with position

coded as difference from HERE;

6,7,8,9: a COPY instruction with

position coded from a RECENT cache.

The QUICK cache is an array of size 768 (3 x 256) .
Each index of this array contains the value p of the
position of a recent COPY instruction such that p modulo 768
is the array index. This cache is updated after each COPY
instruction is output (during coding) or processed (during
decoding). A COPY instruction of type 1, 2, or 3 will be
immediately followed by a byte whose value is from 0 to 255
that must be added to 0, 256, or 512, respectively, to
compute the array index where the'actual-poéition is stored.

A COPY instruction of type 4 has the copying position
coded as a sequence of bytes.

A COPY instruction of type 5 has the difference between
the copying position and the current position coded as a
sequence of bytes.

The RECENT cache is an array having 4 indices, and

'stores the most .recent 4 copying positions. Whenever a COPY

instruction is output (during coding) or processed (during
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TRANSI T1 ON TabI e. fourth programin _creatl Version
of the origi naPRp¥olhenflifEermoced ifoiaased-he [err] of the offsets

For the ADD instructii¥ HH& Cbb?trﬂ%ﬂfﬁitldﬂl5¥t£&p
substltutethe TRA T ormati on for. that

the earlier fifEo8e nlé%{ougg 5 the second 4 bltsA°£IWc¢%??r‘a%t}éYY?nglf
t he operation nbtttnerd:hla:ddqartdgeasﬂwe&fﬂ the data involved. f DftbhéseFbitd

The MATCH I bl S f 'ngﬁ f.set inf.0 [ t he offset nunber
conpar ed vv| h geéreoo br érgs(# :fe(vé’“&ég i3 1i:od@d Egag é)tgbs?)gtéeﬁna THERSE
and the diffefehyteBs the segnent size, advances to

read the next indexgn jideg MEEGI1Ra0EE. Ithel NendbaifGe M CLAE" an aADD

instruction is never followed by another ADD instruction.
Frequently, an ADD instruction has data size less than or

15 equal to 4, and the following COPY instruction is also
small. In such cases, it is advantageous to merge the two
instructions into a single control byte. The values from 10
to 15 of the first 4 bits code such merged pairs of
instructions. In such a case, the first 2 bits of the

20 second 4 bits in the control byte code the size of the ADD
instruction and- the remaining 2 bits code the size of the
COPY instruction. Below is an enumeration of the values
from 10 to 15 of the first 4 bits:

10: a merged ADD/COPY instruction with copy

25 position coded as SELF,

1ll: a merged ADD/COPY instruction with copy
position coded as difference from HERE;

12,13,14,15: a merge ADD/COPY instruction with
copy position coded from a RECENT cache. ,

30 Figure 4 shows an encoding of the four instructions of
the transform shown in Figure 2. For each instruction, all
eight bits of the control byte are shown. For example, the
first four bits of the second control byte are zero, showing
that the byte codes an ADD instruction. The second four

35 bits of the same byte show that the size of the ADD



“A fIémLchart detailig the operation of the fourth programis set
forth in Fig. 10. TRANSITION Table indices and their offset nunbers
are read and offset nunbers checked for zero or for segnment-size
~differences fromthe previous index. 1f it is the case, the index

segnent is

copied fromthe earlier file< % Wwhat is to be the second

f th frke. JJf jt 1§ not the case, infgrngtion S
gggyeg fro§1?ﬁgﬁ%g%ﬁgk+?aNl%i4¥3ifh% tVﬁaﬁat?ngEeSe Kie somendritampthe
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control byte. All three COPY instructions are coded using
the SELF type, meaning that their copying positions are
coded in bytes (with shown values) following the control
bytes. The size parameters of all the instructions are
small enough so that they can all be encoded inside the
control bytes. This small example shows that VERSION2 which
is 17 bytes long can be coded inﬁé transformation using only
9 bytes. ’

Fast Computatién of Matched Segments .

Figure 5 shows the method to partition VERSION2 into
segments and encode them as COPY and ADD instructions. Note
that, for this encoding method, matches of short lengths are
not useful because they take up at least as much space to
encode as the data that they match. So the matching method
can be tuned to ignore short matches. The minimum match
length that we use is 4 and represented by the variable MIN
in the body of the encoding procedure.

Line 1 of Figure 5 initializes a search table T to
empty. For efficiency, T is kept as a hash table with
chaining for collisions. This data structure is standard,
and is described in any data structure and algorithm
textbook, such as pages 111 - 112 in "The Design and
Analysis of Computer Algorithms" by A. Aho, J. Hopcroft, and
J. Ullman, published by Addison-Wesley, 1974.

Table T contains certain selected positions in the two
versions. These positions are inserted with the procedure
insert () and used in the procedures search() and extendi)
for fast searching of longest matched data segments. Lires
2 and 3 call the procedure process() to select positicns
from VERSION1 and VERSION2 to insert into the table T. ICPY
and ADD instructions are also generated during =-he
processing of VERSION2.

Lines 4 to 45 define the procedure process(). Lines 3



~An alterate format for the MATCH Table is set forth in Fig. 11

The fofmat Visualizes not listing individually successi ve identi cal
segnents, but rather nerely indicating their nunber with the index for
the first of such segments. Thus, with-respect to the file of Figs.

2 and 3, the second and fourth segnments ef2FPhe curent file would not.

be listed; rather the jndexes for the first and third segnents would
have associ at eﬁi“i\n & Rt iR the orawiables Ba'eand ("md mmird leRigtttp of

i ndi cate that YBREEONT esahie algegeﬁte&mo\ﬂer%élggﬁtgfééébé - C&3fe 7
f thas vant age of being even . nore .
lp;thOLg?ntalﬁ%nﬁﬁﬁ%é§%ngﬁ? EHFFC positiont ¢ faf; oﬁheexera@onnbsant
is nmore conpa@rdagssed dgwo fa.l es;mheaelﬂﬂtﬁﬂﬂiieQHtMYSm @M d#t%‘ for @n
fhus, the sTRANY Erd¥lallfodrep Lclude QUgf 1R W0 $8 M nicia112e™

t he ver st on | nfor mat
the position and length of the longest match for the data

segment starting at position c. Lines 11 to 42 define the
main loop that process the gfv;h version. Lines 12 to 18
compute a longest, already-processed data segment that

10 matches with the data segment starting at c. The'procedure

| search() called on line 12 finds a match of length len+l.
"This procedure uses MIN bytes starting at position c+len-
(MIN-1) as a key to search for a matching position in the
table T. Then it matches backward the data in "seg" and the

15 data in the appropriate version to see if the match covers
everything from ¢ to c+len+l. .

If such a match is found, the procedure extend() called
on line 16 extends the match as far forward as possible.
Lines 14 and 15 correspond to the case when there is no

20 match and we break out of the search loop. Otherwise, the
loop is repeated to find a longer match. Lines 19 and 26
insert the current unmatched position ¢ into the table T.

Note that the actual value to be inserted is ¢ if seq
is VERSION1; otherwise, it is c plus the length of VERSION1

25 (which is the convention for encoding positions in VERSION2
that we described earlier). - The procedure
insert (T,seq,p,origin) inserts the coded position p+origin
into table T using as its key MIN bytes start:.ng from
position p in version seq. _

30 Lines 20 and 21 set the variable add to c, if it is not
vet defined, to indicate that this is the beginning of a
segment of unmatched data. Line 25 moves the current
position forward by 1 for the next iteration of the
processing loop. Lines 27 and 28 correspond to the event of

35 finding a longest matched segment. Lines 28 and 29 call the



o P - IBc (Fig. 13 i ndex _
i ndex, begi nning (offset) count EE (Fig 1%).9 éuccessive ® dent i cal

I'nni of f set end E (1
gggh@ﬂlggaﬁd t he Lffsets of their begiining characters. The IBC format sets

forth the index of the first offset of ‘a set_pf i dentical segnents and
t he number (count) of such identical segieRfs-in the

procedure writeinst() to write out the COPY and ADD
instructions according to the description given earlier.
The first two arguments to writeinst () define the data

for an ADD instruction if add is Z2ero or positive. The
5 second two arguments define parameters for the COPY
instruction. The working of this procedure is

straightforward so we shall omi; its description. Lines 30
to 36 insert into table T MINllubositions at the end of the
matched data segment. Lines 37 and 38 increase ¢ by the
10 1length of the match, and resets add to -1. Lines 40 and 41
terminate processing if there is not sufficient data to be
processed. Lines 43 and 44 output any final unmatched data
from VERSION2 as an ADD instruction.

Figure 6 shows a procedure to insert a position into
15 the table T. Line 2 of Figure 6 indicates that the key is
the MIN bytes of the Sequence "seq" starting at the position
P. Line 3 constructs the coded position. Line 4 inserts

the pair (key, pos) into the table T.
Figure 7 shows a pProcedure to search for a match.
20 Lines 3 and 4 construct the search key, which consists of
MIN-1 bytes at the end of the current longest match length,
plus a new unmatched byte. Lines 5 to 19 try to extend the
match length if possible. This is done by loocking at every
element of the table T that matches the constructed search
25 key and seeing if the part of the current match left to the
key position matches with the corresponding part of the
element being considered. Thig test is carried out on line
17. If this is true, then search() returns the starting
. Position of the match on line 18. Line 20 returns "-1" to
30 indicate that there is no match ldnger than "len". _
After the call to search() is successful on line 13 of
Figure 5, the match length is now known to be at least 1
more than the "len" value in Figure 5. Figure 8 shows the
extend () procedure, which extends the match to the right as
35 far as possible. Lines 2 to 10 set up the correct sequences

—



‘mnndOM/segnent for the updated file being burped one
either a match or end of file si gnal
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character until
I s detected where upon the next
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to search for matches. lines 11 to 13 perform the
extension. line 14 returns the entire matched length.
‘When applled to the example of Figure 2, the above
method will compute exactly the set of instructions
exhibited in the same figure. Figure 6 shows the positions
in the example VERSION1 and VERSION2 that would be inserted
into table.T

.

Security Enhancement

Given two versions, VERSION1 and VERSION2, and a
computed transformation, only the ADD instructions in the
transformation carry raw data from VERSION2. Such data can
be utilized by a snooper to gain valuable information about
VERSION2. 1In applications having high level of security
requirements, to prevent leakage of information, the ADD
instruction can be modified as follows. First, each ADD
instruction is modified to also have a copying address which
would be some position randomly selected from VERSION1 in
such a way that the data segment starting at that position
is at least as long as the length of the ADD data. If this
is not possible, the ADD data can be broken into smaller
units. Then, the raw data is xor-ed with data from such a
selected segment of data before output to the
transformation. For example, using the same ADD instruction
in Figure 2, if the selected position in VERSION1 was 2,
then this position would be output immediately after the
control byte, and the two data bytes "xy" would be xor-ed
with the two bytes "cd" before output.

On decoding, the same xor operation must be done to
each data byte before outputting. This works because the
mathematical property of xor guarantees that when a byte is
xor-ed twice with another same byte, it retains its original

.value. However, we can now guarantee that a snooper will

not be able to .gain any information from the transformed
data bytes unless he or she already has a copy of VERSION1,



“earlier file segnent index is conpared for. A Match Table is croated

i ndi cating*the indexes (ordinal nunbers) of the earlier file segnents

and the offsets (file character ordinal nunbers) of the first

characters of the identical updated-file segnments. Next the updated

file is strolled through, and the non-matching information i s copied
fromit. using the index nunbers and offset nunbers of the MATCH Tabl e
as a guide. into the TRANSI TI ON Tabl e. Tive 3BRANSI TI ON Tabl e may now

be shipped to he earlier file is to update it

accor di ng tc>t¥$§§§$§E§TP%ﬁ8% EI%o % FEWSurt h program

As observed earli erFlgméepr'bgaslamgsoftl'tehelmameuttmanca:ff bEJ.gure 4 encoded
i ncor porated i ng g npda

Certain files L{'frle&él; %ﬁse%gg%a%?%%?éerﬁéﬁﬁéértﬁ%é &éﬂdna% E?F{iﬁgn now has
these are |ar§e BRFEFLIPN 83 ([Te |datandaytes al'k" camieriyralaxiat shown being

bases creatse h@ygeed woeh tEhegngl agge fs follow the
1) The file nmust be imune to charactngFgg tlwlqi%ppllcatlons whi ch was

records and fields obey this conpention. changes or update to a
field or record will have not effect upon the | ocati on
(offset) of any other record in the file. 2) If the

file [err]Jto growin [err]to acconpdate records,

addi tional records are appended to the and of the file. This fornmat
permts recycling of early file [err] as [err] as the character

[err] rule is not violated a- small nodelfile ([err])
inny file which does not [err] - nodel file{err]rules.
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and conputer
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1. In a computer, the improvement comprising:

a) program means for producing instructions
which allow replication of a second version of a
binary file, based on a first version, without
access to the second version.

%=l
»

2. A method of repllcatlng a second version of a
binary file, which is derived from a first version,
comprising the following steps: _

a) creating a sequence of instructions,
each of which generates a character sequence,
which, when concatenated, replicate the second
version; and

b) executing the instructions.

3. For a digital computer, the improvement
comprising: |
a) first program means for
i) examining a first and a second

file 'and
ii) producing a sequence of
instructions which, when executed,
concatenate
-~ A) parts of the first
file with

B) parts of the second
file, without access to the
second file,

in order to repliéate the second file.

4. The improvement according to claim 3, and fur-cher
comprising second program means for executing the sequern:e
of instructions, for replicating the second file.

This Sheet H. Replaced
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‘ ' [ [ : "This is a
large nodel file exanple, consider an: [err]
?zs? filg.“ ,and a to be effected. Each matching character

it [ d current er
it the sane byte offset in curly file an "‘"ﬂ !“F”]
Large nodel file rule 2 alsois [err] The addltlonal ” m H

Consi dering further the above |arge nodel32fr

: ' are that three
and e safond o1 dor i The stallstics are that yimee
early file. 5. A method @ saving a later version of a computer
' file, comprising the following steps:
' a) comparing the later version with an
5 earlier version, and identifying

i) similar passages, where the
later version is 51m11ar to the earlier
version, and ’

ii) '~ difference passages, where

10 the later version is different from the
earlier version;
b) storing the address where each similar
passage occurs in the earlier version; and
c) storing each difference .passage,

15 together with the address of its occurrence in
the later version.

6. A process of information replication, comprlslng
the following steps:
a) finding, at a first site,
20 i) similarities and
ii) differences
between a first file and a second file;
b) maintaining, at a second site, a copy of
the first file;'

25 _ c) transmitting the following to the second
site: ' '

T

i) locations of the similarities,

ii) the differences themselves,

and _
30 iii) information to enable
replication of the second file, based
on (c) (i), (c)(ii), and the second
file. '
\
This Sheet Has B
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7. A method of updating an old version of a file into
a new version, comprising the following steps: '
a) receiving instructions which order one
or more of the following to occur:
i) copying a specified part of
the old version into a specified
location of the new version;
ii) copying & ;becified part of
the new version into a specified
location of the new version; and
iii) adding specified bytes to a
specified location in'the new version;
and
b) executing the instructions.

8. A system for generating data indicative of
differences between first and second versions of a file,
comprlslng

a) means for deriving a sequence comprising
the following instructions:
i) a COPY instruction which
orders that characters be copied from
A) a source location in
either the first or second
version, to
B) a destination
location in the second
version; and
ii) an ADD instruction which
orders that specified characters be
added to specified locatione in the
second version.

—_—
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~ Thi s met hod- of pretest substantial runtine reductions on |arger nodel

files.* The "wi ndowi ng techni quent results on files which follow
| arge nodel file rules. it is therefor : ' unnecessary to attenpt
to resolve such a large nodel file using the snel | nodel

file window ng technique. e" |l arger program enploys a two
pass techni qu I th Iar e nDdeI files
and smal | W@@; &PA %ECURE UPDATE lﬁél@%éégﬁs the smal |
nodel file w ndow ng technique The first pass that the file
is a large % Each corresponding file segnent from
TOKEN Tabl e i dto the : correspondi ng curent file
segment . Conpari sorfhs ainéentiomr eoncerns appamatusaificad. updating ahdata
user specifieg;ney cepiage a?xf éQPli?J:eversn.on fBt ghes, sl nge&‘gégﬁ ?h

les r wer e err] fhe

file rule for large nodel
smal | nodeP ffventdan gomparesofhe earkieppearsion th:h raeaesyr versing,

consi derabl e a%'ﬁ@ﬂwéseﬁoﬁkﬁﬁ§féﬂﬂai:h.6ﬁ which contains iﬁf&?’fﬁaﬁ:gﬁﬁt BS|
parts conpari s yi el i suff,|C|end|s ’f) f2
rules there i @ oRr}b%l stmiepritiefe andidiftoxnnrest o The 1n"ent1<P%g§|BePs
i nvol ved and phededses the eagddied ﬂelrﬁabhy using the transfbemiaa\ieﬁt | R
| ends itself t a n such i catio
[err] distri b&?‘d%é‘hgﬁp?g% V% &ih% 818% version, WIth°u§a§ggFr§§F§sgPakﬁe
rates forl0 [ datler version 1tself
The invention allows multiple versions of an original
file, such as bank records located at multiple locations, to
be updated by transmitting the transformatlon to the
multiple locations, instead of transmlttlng the updated
15 files themselves. The procedure is highly resistant to
interception of the ' updated data, because the
transformation, in general, does not contain the entire
contents of the later versions.

Sheet Has Been Rerlaced
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“and states,, which is periodically updated. A mail order business may be a
user of such a data base in order tto change the correct sales tax -~ on each

its various order fulfilnments. The data base nmi ntai ner would

of
initially send the mail order business thelZ#8plete data base. He would
al so generate a TOKEN Table of the data base as it then excited, using

the first program - Upon updating his data base, he woul d devel op a MATCH
Tabl e and a TRANSI TI ON Tabl e, using the second and third prograns, and be -

woul d transmt the TRANSI TION Table to the user. The user woul d update his
data base, using the fourth program The process woul d be repeated for '

subsequent update .

WORD —=When buying |
POSITION—== 14 23 §°°°'““_" e g g 77 g e o i |

have ne meid on them Shake th
. em to make sure
12 13 14 151§ 17 18 19 20 21 ZtZMtZ?eYZire VERSION
1

heavy with water. Now hoid a coconut i
. ut in i
8 26 77 28 29 3031 32 J%MSZM;SW .'5%.?;nk

and hit it around the center with the claw end of @ hammer

- 38 39 40 41 42 43 44 45 48 47 484950 J
VOCABULARY
1 When 16 them 31 it
2 buying 17 ' around'
J coconuts 18 to g% the
4 make 19 heavy 34 center
sure 20 with 35 claw
6 that 21 water 36 end
g :hr:y g ;low 37 of
old
g e an 38 hammer
10 free 25 in
11 ond 26 one
12 have 27 hand
13 no 28 over
14 mold 29 sink
1S on 38 hit
FIG. 14

i



In another, application, the invention is used to [err] file being

| ndependently update at two different |ocations. Each |location would
generate a TRANSITION Table to reflect its eéPanges, using the second and
third prograns, and send the Transition Tabl Bthe other location. The
receiving location then use the fourth program wth the other's TRANSI TI ON
Table to update its file wwth the other In an archi ve nai ntenance
application contionously nodified. say daily, and it is [err] to

mai nt enance a conplete daily .archive. Exitally, the data base as [err]

at the start. would be copied into storage nedia and devel oped the first
programat the first Jay, a '

H amﬂ a" . - -

When buyingfcoconuts, make sure/\Tb-4igy .
are crack f
14 2473 4 5 6 7 89c1(;eela1nd

have no moid on them. Shake them to make
12 1314 15 1§ 17 18 1920 ;;‘mZchdZtgeyzqf

heavy- with water. Now hold o coconut in ;
5708 27 28 29 031 3 e g Sk 2

o a bri
and hit it around the center with e

AR X AL T T

FIG. tB

I —————
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drive  (EASD) and a WORM Serval other conputers are connected to the
conput er server through a high speed network. At the end of the first day,
all data fromthe other conputers is copied onto the At the and of the
second day, the data on the other conputerg/Qg conpared to the data on the
MSD to generated the TRANSI TI ON Tabl e which®is copied on the WORM The
data fromthe other conputers is copied onto the DASD, either directly or
by updating, to replace that of the previous day. On the thirdday, the
process of the second day is repeated exceptfor the new TRANSI TI ON Tabl e
bei ng added to the TRANSI TI ON Tabl e already in the WORM The fourth and
further days essentially involve repeats of the third day. The data as it
[err] on a given day can be reconstructed by working [err] from
the current data on the IMSD and the TRANSI TI ON Tabl eon t he
[err] all history is maintained,and no additional supporting backup is

\:Inen bti)‘ing coconuts, make sure [all] are crack free and |
2 3 4 5 6 T8 9 10 i1t

have no mald on them. Shake them to make sure that
12 1314 1516 17 18 1920 21 22 Zt:?e"zc}tre VERSION

heavy with water. Now hold a coconut in one hand i 2
2 267 7/ 29 303 3233 34 g“S%%m :

and hit it around the center with -EIZIE! .
38 39 4041 42 43 44 4546 )

| VOCABULARY
1 When 18 them 31 it
2 buying 17 Shake 32 around

3 coconuts 18 to 33 the
4 make 19 heavy 34 center
5 sure 20 with 35 claw
6 that 21 water 36 end
7 they 22 Now 37 of
g :rr;k %2 hold 38 hamm
a 39 Howaitan
16 free 25 in 40 o NEW
11 and 26 one 41 brick |WORDS
12 have 27 hand
13 no 28 over
14 mod 29 sink
15 on 30 hit
FIG. 1C
_—
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- The'invention also is useful in word processing applications. om a

backup devi‘ce. A TRANSI Tl ON

4/18

—{When buginé coconuts, make sure that they are crack free and
3 4 5 6 7 8 9 10 1"

have no mold on them. Shake them to make sure that they are
12 1314 1516 17 18 1920 21 22 23 24

heavy with water. Now hold a coconut in one hand over a sink
25 26 27 28 29 3031 3233 34 35 3637

and hit it around the center with the claw end of a hammer. -

VERSION
1

-

38 394041 42 43 44 45 46 47 484950

—

When buying
12

_COPY21
INSTRUCTION_ 1 POINTER

FIG. 1D

When buying coconuts, make sure that they are crack free and
4+ 2233 4 5 6 7 8 9 10 1"

have no mold on them. Shake them to make sure that they are
12 1314 1516 17 18 1920 21 22 23 24

heavy with water. Now hold a coconut in one hand over a sink
25 26 77 28 29 303 3233 34 35 3637

and hit it around the center with the claw end of a hammer.

38 39 40 41 42 43 44 45 46 47 484950

!

"When buying Hawaiian
1T 2 3

. ADD 1 Hawaiian ;
INSTRUCTION_2 | POINTER

VERSION
1
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diffeneces;betmeen.the It and the preci ous updat ed service,

and it too is added to the back-up devgce. The backup device.
The backup device thus holds the orgi nal version of the docunent
and TRANSITION table reflection sgpquent docunents in a m ni num
of storage space, and any version of the docunent can be [err]

From a consi deration of the above, it is evident that it is not a
requirenent of the invention that the early file be retained. This

iy const der t ne ot EREGIEE, FRGRE Sl 60l By’ aecorec e )

file and current el owi g _t e eérlyﬁ‘i | & t o7 be &regtedmromthe

SEHFE‘& I'O'ne f‘[‘d ;h&ggmﬁth]ﬂn;&{éhg %@ﬁebﬁem to maklensuf;i g\h%rh?thg);%crg ;cal

pat h back to eve y relfllsfm 10? Ig Wo:i , i1d920 21 20et23ni o4 YERTION
1

the current fil e| anbeavyewitiRAbdber! | .t hat thu another, is
wor ki ng ont he fiFtI‘QSecggrgg apgd Cz?ﬁ;gmdea @hgﬂ% Jnfgﬁ'%f gYar: & intd
[ 18°2]

locally. The authr i earn generated @ T e 3or 3833. b)| and

conprises it vol| and hit itheround the center with the claw end of a hammer.

38 394041 42 43 44 45 45 47 484950 ]

y

When buying Hawaiian 'coconuts. make sure _

12
_CoPrs3 ’ f P
INSTRUCTION_3 | ~ POINTER

FIG. tF

When buying coconuts, make sure that th ]
) ey are crack free
4 22473 4 5 6 7 8 9 10 1°1nd
have no moid on them. Shake them to make sure th
. at th
12 1314 1516 17 18 1920 21 22 z.‘seyza{e VERSION
heavy with water. Now hold o coconut in one hand ' 1
25 26 27 28 29 3031 3233 34 305""3% .'?17"’(

and hit it around the center with the claw end of a h
38 394041 42 43 44 45 4§ 47 484953’“'"% )

When buying Hawaiian coconuts, make sure il

' -1 2 3 4 .
_ADD 1 ol — T ?
INSTRUCTIONJ ~ POINTER
FIG. 16 I
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‘ , i err
modul ej n UNIK Script representation andv&PFe[thrLe has been di scl osed

apprecitated that other

i n hexaderical representation. .
preferred enbodi matte of the invention,

t hat ot her subodi ement enygying principals qnghe I nventi on can

created by those skilled in the art
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4 2473

4
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S 6

i

nodul es in

obj ect code
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hem. Shake

claw end of a hammer.
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POINTER
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18 1920
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in one hand over g sink !
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wi t hout departing fromthe spirit or wording of. t he [err] cl ai ns.
[err] ’ ‘

7/18

When buying coconuts, make sure that they are crack free ang |
4 2273 4 5 6 7 8 9 10 1
have no mold on them. Shake them to make sure that they are
2 1314 1516 17 18 1920 2 22 23 24 lyepgion
heavy with water. Now hold a coconut in one hand over a sink | 1
25 26 27 28 29 3031 3233 34 35 3637

and hit it around the center with the claw end of a hammer,
J8 39 40 41 | 42 43 44 45 46 47 484950

When buying Hawaiian coconuts, make sure ail gre crack free and
14 247 3 4 5 6 78 9 10 1

have no mold on them. Shake them to make sure that they are
12 1314 1516 17 18 1920 21 22 23 2

heavy with water. Now hold a coconut in one hand over a sink
25 26 27 28 29 3031 3233 34 35 3637

and hit it around the center with a brick

o 3B 304041 42 43 44 4545
ADD 2 a brick-
INSTRUCTION_6 POINTER

FIG. 1T
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a first COPY command, which identifies (i) a

ver si on,

version into which the passage
second COPY conmmand which identifies (i) a 9/18
replication and (11) a
passage is to be copied;
string of

the replication

string is to be placed. 2. A net hogh nﬁﬂhbga
of-a binary file, which is derived fr m.agp ver

fol |l ow ng

in

whi ch
ver si on.

| ocation in the rep
is to be

and

(ii] a

| ocation in the rep
and
characters-and (ii), and identif

copi ed:
passage in the

passage in the first
ication of the second
a

l[ication into which the

an ADD command. which (i) contains a

ies a |location

into which a negsage

st eps: a) creating a sgguence i ng

i ndi cated by the
[ing a second version
Sion, conprising the
tructions, sone of

require copving of text fp8ma replicatl

of the second

concatenated, repli-cate the sec

and each of which generaj#s a guence, which, when
d TRANSFORMATION

SQURCE CQMPUTER
QUR( JARGET COMPUTER
VERSION 1}_‘ VERSION
TRANSFORMATION 1
VERSION 2 .
TRANSFORMATION SN 2
FIG. 1
[
. | -LENGTH 16
VER?DN CHA&MHE&: ; ? ;: d abcdaobp ¢ d e.f q ;:
| POSTON: 0 1 2 12
‘ | |
, LENGTH 17
VERSION ¢ 't
: Gmm_:::::yxyxvxybcdef
| POSIMON: 16 17 18 19 20 sfz
[ Copy 4 ¢
rormarian] A0 2 %y
RANSFORMATION) - o6 70
| COPY 5 9
| R
FIG. 24 |
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b) executing the instructions.
3. For" a di'gital conputer,
program neans for

i)
concat enat e
B) - parts
second file,

of the second

i nstructions conprise the follow ng commands:

command which identifies (i) a
and (ii) a
into which th

t he i nprovenent conpri sing:
i) exam ning a
produci ng a sequence of instructions
A) parts of the first file with
file,
in order to replicate the second file

- 32_
a) first
9b?7 and a second file and

whi ch, when execut ed,
Wi t hout access to the
wherein said -
af irst COPY
passage in the f irst version

| ocation |n the replication of the second

: i ed:
ver si on VERSION CRARACIER: ' l'—'-‘fl———%-% a b ¢ Cé)plae b cdef gh
1 B ' |
.| PosmoN: o0 1 2 3 6 ; 1’2 1f5
L-—-?
VERSION CHARACTER: c’r I’) : '
2
POSITION: 16 17 18
INSTRUCTION[ COPY 4 0 L-POINTER (4T 15)
FIG. 2B
VERSIONCHARACTER: c’:?rf::ab}:da!’)cdefgh
1 }
POSTION: 0 1 2 3 6 9 12 1’5
T '“""""t
VERSION CHARACTER: :cfx lf: : d x vy
2 | !
POSITION: | 16 17 18 20
]
! |
INSTRUCTION{ ABD 2 [yl Lpomrm (AT 20)
FIG. 2C
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a second COPY command, which identifies (i) a passage in the

replication. and (||) a | ocation in the replication into

whi ch t he passage to be copi ed; and - an ADD comand
which (i) contains a string of cﬂd/aﬂ&ers and (ii) , and

I dentifies a | ocation in the replication into which the string
iIs to be pl aced. 4. The inprovenent according to claim 3,

and further conprising second program nmeans for executing the sequence of
i nstructions, for replicating the second file.

- 33- 5. A nethod of saving a |later version of a conputer file,
conprising the foll ow ng steps: a) conparing the later version with an
earlier version, A i fying
VERSIONEHAM:?’E&;llf:t’::abcf:dabcdefgh
1 . $ } }
Ry |
[ CHARAC i —
VERSION TER'cbcéx_ﬂxyxyxy
2 I el
POSITION: 16 17 18 20 22
INSTRUCTION( COPY 6 20 tpom (T 22)
FIG. 2D
. FrTTE T
VERsion| CHARACTER: H ? : : a b ; d abcdefligh|
, S ] fo
POSMON: 0 1 2 3 6 9 12 15 )
. r°-
'm?oucm‘g';:d;Y:yxyxy'bcdef
POSTON: 16 1718 20 22 8
INSTRUCTION coPY 5 @ POINTER (AT za)-r
FIG. 2F
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|) 5|mlar passages of a first type, where t he later version

simlar to the earlier version, and simlar passa ’Fhssﬂ eco
tye, where the | ater version repeats other passages 'a"ed
| at er version and i) differ encézéégsages where

ri ng

version is differeat fromtb_e earlieryversion; o b) st9Q
pe occur—s in the earller

wher e each kg\lmpassage—qf the A=, first
versi on and s#orTrg the =addr ess’ where eachgsimlar’ ésage of the

second type = _aQgCUrS in e later version; and c) storing each
di fference pa,g,sage together with the addPtss of it® occurrence in the
| ater version="""" 6. A'rocess of=infornmatdion repligation, conpri sing

the foll ow ngsteeps: ay, finding, at aflrst site, i)
simlarities and i) dlfferences betweend’ t file and a
second file; =™ ) nmaintaPning, at™ Second Oidudm a CLPY =] the first
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-encrypted
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iii) adding specified bytes to a specified |ocation inthe

versi on: and

generating data indicative of differences
versions of a file,
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9. " Inprovenent according to claim1, wherein the string associated with
the ADD command conprises binary nunbers obtained ,by EX-ORing (1) binary
representations of data to be sent with (2)  _bjnary representations of text
contained within the first version, and thé5AP® command identifies the

| ocation of said text. 10. Process according to claim®6, wherein
the de-cryption is performed by EX-ORi ng each difference, in encrypted

f i t h f
32 37 #ifndel VO.ﬁff%gegs“ T8 B8 A Bob ¢ Bief b Wik

voi d 40: #el se : #deflne Void t . char 42: #endi f 43
#endi f/*void t*/ 4Y£R #lq néefXNm_ X 46 % y#aefynd NeL(dype) ¢
((type)0) 47 : #endi f /*NIL*/ 48 49 #endif /* _KPV_*/ 50

1. COPY 4 0

2. ADD 2 X,

TRANSFORMATION| 3* copy 5 s
4 COPY 5 9
FIG. 2

;. n= {;nqth(VERSIOM);
3. while(true)
4. { inst = reodinst();
5. if(inst == end-of-file)
g. returm; )
. mdsnze( ;
8. 0f(' nst == ADD)
9, readdotu(VERSlON2+c.s)
' }(1) ;lse oos);
. = read
12, |f(p < n)
13. copy(VERSION2+c,VERSION1+p,s);
: 45». i else SION2+¢,VERSION2+p—-n,s);
16. c=c+s;
17. }
FIG. 3
01000100 0
00000010 Xy
01000110 20
R Ty

_FIG. 4



51 : /* user-supplied functions to do io */ 52: typedef struct vddisc
vddi sc’t; 53 : typedef int(* vdio f) ARG ((int, Void t*, int, long,
Vddi sc t*)); 54: struct vddisc s 55 : Vdi o f readf; * to read
data */ 56: vdio f witef; - x to wibyd8data 57 : | ong
W ndow, /* window size if any */ 58: 59 60 : /*types that can be
given.to the 10 functions*/ 61~°-'n . 1 * 1o on the
source data */ 62 : #def%’nelr%gh- = XP%'%%EF&R ?'HB‘Yfarget data  */
63 :  #define VD DELTA 3 47 *PPOGeH Hta data */ 64: 65 :  1*
magi ¢ header for delta out pfrt PFOCEISAVENIIOND): i ne VD MAGI C "vdOI " 67 68:
_BEG NEXTERNS 69 extern*l o eSS\8ei ta ARG ((Void t*, long, void t*,
long, vddisc t*)); 70 :  é&xtetn momnden | YARG_((Void-t*, long, void
t* long, vddisc_t*)); 71: 6. _EMPEXT eqf 73  #endif / VDELTA H/
33 7. = 0 '
peregrine.zoo.att.com/n/ gra,/phon/c E/ gt')\y‘sof tware/src/lib/vdeltal/vdelta.h
1: #i fndef VDELHDR H 24 ﬁ@gf ine,VDELHDRH 1 3: 4 #i ncl ude
"vdelta.h" 5: 6: #if gE Cc P9 = =4 pclude <stddef.h> 8 #el se
9: #i ncl ude <sys/type§. > 10‘9‘} = MNrdif 11:
1. while{1
:g § ;lhile(l)
. p = search(T,seq,clen);
14, if(p < 0) )
15. break:
16. len = extend(T,seq,c,p,len);
17. pos = p;
18. '
19, if(pos < 0)
20. § if(add < 0)
21, ] add = ¢;
'g if(seq == VERSION1
. in ,5eq,c,0);
24. eise in:ﬂ&gscq,c,n};
25. c=c¢+ 1
26.
27. else
28, { if(seq == VERSION2)
29. writeinst(add,c,pos, len);
30. p = cHen—(MIN-1);
31. while”({) < cHen)
32 § i{seq == VERSIONT)
33. : insert(T,seq,p,0);
#. else inseri(T,seq.p,n);
35. p = p+t _
36. }
37. cCmc+lom
gg- add = ~1; pos = -1; len = MIN-1;
40, it(c >= m-MN) |
41, break;

-4
43. - if(seq == VERSION2 and add >= 0)
44, ! writeinst(add,m,~1,0);

rio. s I



12 #i f def DEBUG 13: # BEG N EXTERNS 14 : #extern int abort();

15: *# END EXTERNS 16 : #define ASSERT(p) ((p) ? 0. abort ) 17 :

#define DBTOTAL(t,v) ((t) += (v)) 18 : %Zflne DBMAX(mvVv) ((m (m >
#def [

(v) 2 (m: (v)) 19 #el se 20 : 18SSERT(p) 21 : #defi ne
DBTOTAL(t,v) 22 : #defi ne DBMAX(mv) 23: #endi f 24: 25 : /*
short-hand notations */ 26 : #define reg register 27 : #def i ne uchar
unsi gned char 28 : #define uint unsigned int 29 : #defi ne ul ong

unsi gned | ong 30: 31: /* default w ndow size - Chosen to suit malloc( )
even on 16-bit machi nes. */

34 32: #define MAXI NT ((|nt)(((U|nt) 0) >> 1)) 33: #define

MAXW NDOW  ((int) (((uint)-0) > 1»2)],133&(1- gﬂga DFLTW NDOW

(MAXWNDOW <= (1 < < 14) ? (1 ¢ <§14)ay &l flne HEADER( w)
((w/4) 36: 37: #deflne MMNZ { ng;y s} /'*"%MN er of bytes to
CtIO S S

match */ 38:. 39: .The hash fu ph + s[I] al phaA2 +
s[ 2] *al pha + s[3] / 40: #defl LPl!ﬁ’t POS) 'ﬂ?o 33 41: #if 0 42:
#def i ne Al(x,t) ALP x¥) 43: #define A2(x,t)

(ALPHA* ALPHA* (X)) 44: #deflne A#(X,t) (ALPHA*ALPHA*ALPHA*(X))
45:1 #el se [* fast multiplication using shifts&dds */ 46: #define
Al (x,t) ((t =(x)), (t + (t<<b))) 47: #define A2(xt)

((t = (x)), (t + (t<<6) + (t< < 10))) FIG.

1. search(T,seq,

2. § n =9i'eg;thJ('3|)-:Rs:ou1)

3. p=c +len - (MN-1);

4, key = seq[p,p+1. +PMIN=-1];

5. for(each entry e in T that matches key)

6. { pos = sltlon(e)

7. o if(p >=

8. { str= VERSIONZ

9. q = pos=n;

10. ;

11. else

12, { str = VERSIONI;

13. ¢ = pos

I;. fi (i MIN

. i(d f% )°" (UN=1) )

* t 1: 1 s poenld™ .
:g } |. sech c+pos p z] ?t&[:ff;l);.,q 1D
0. retum ~f;

21. }
FIG. 7
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48:  #define A3(xt) g(t = (x)), (t + (t< <B5) + ((t+(t< <4))<
t

<6) + ¥ 7 -((t+ (t << 4)) <<11))) 49: #endif 50:
#define H NI T(h, st) - ((h = A3(s[ O} 3}/)3 (h + = A2(s[1],t)), (h
-= Al (s[2],t)+s[3]) 51: #define HNEXT(h,s,t) ((h -= A3(s(-1],t)), (h
= A (h,t) + s[3])) 52: 53: #define EQUAL(sS,t) ((s)[O] ==

(t)[0] &% (s)[I] == (t)[1] &% \ 54:
2] == (t)[2] && 3] == &) Hpﬂd(ﬂsaq,cfﬁﬁlen)/* Every instruction wll
gtsél[‘t]V\lith(a)E:OLtI‘M (E;Ee 57:2, * Fn)r-nan tb(VERSIONI)Omy 8 bits of the byte

are used. 58: **The bits are Jsed a Q ws: 59: iiii SSSS 60:
** ssss: size of data involvedg 61: “stt Wm defi nes _16 i nstruction
types: 62: ** 0h an ADD |513trucé'§é)n 1,2,3: COPY with
KQUI CK addr essi ng schene. ..
3 64 s 4,5: COPY vvlth}( seLA k SHizre VERSIONZ: ng schemes. 65: **
6,7,8,9: COPY with K RECENT a drgsm&lﬁ%?néﬁ& 66: - R the
above types, ssss if not zeroodes e size;
the size is coded in subseque. bytas.= 6€ngth . | -1@ .i.lrenrqarg.ed ADD/YCOD:(h
wi th KSELF, K HERE addr essi ng 10 *n= n é({:)?{]gﬂ?on\é\n
K RECENT addr essi ng. 70 ” wm, "m
ssss is divided into "cc aa" : ff((;ﬁﬂ cc codes tlh'?'SS|82e ;)i
COPY and aa codes the size ofisADD 72: #defl ne VD B
# bits usable in a byte */ _
36 75 76: #define S BITS :;4 ; /’ems!‘%or_ the size field */-:

_ ) .
~ abcdabcdabecdef h
- VERSION1| 9. b ¢ d becdetfyg

b ¢ d -
VERSION2| 9 2 ¢ XXy xyxybecded

01000100 0

00000010 2 x%c yd
01000110 20

01000101 9

FIG. 10  ThisSheet Has Been

HIIIIH Wi



77: #define | BITS 4 /* bits for the i.nstruction type x| 78 79: |*
- The belom/nacros conput e the codi ng: for ‘a CEPY address. 80: ** There are
twd caches, a "quick" cache of (K QHYPE*256) addresscs 8t—*—anda

revol vi ng cache of K RTYPE "recent" addpésses. :
the quick cache to see if the address is't 'here ﬁ‘ln%ulmﬂ: B the
cache i ndex aglhhgagpde 84: ** Otherw se, we conpu rrent
-l ocation and 85:-. ** the "recent" cache.an address that i.s closest to the
bei'ng coded address 86: - ** then code the difference. The type is set =
accordingly. 87: *1.88: Infa AmmpuﬁsrﬁncﬁelfmjﬁdbéﬁiﬁiféoﬁpQEXEﬁg 1 == 16
89: */ 90: .#define KRTXEE éra o £ 4

types _ Pﬁi B aeans, eﬁgggo ucing 1nstructlons

*#0f K _QUI CK typeswhlch allow replicationd oP:a selebhdevérdERGECE &K

Fetne ize  PHRARER UMD A £ e pyenche

. *] 94: 95: #def,n@cgggscko the second version. /* start of
K QUI CK types . */ 96: #define K SELF (KCUICK+KCHYPE) 97:
#def i ne K HERE (K SELF+1) 1 98;  #define K RECENT (K _HERE+l) /* start.
of K RECENT types 2+ */Aggethsd GefITQrReIJ}GM(awwqr@eﬁershene)Of* '

‘cache decl s’ ipinaeyt aité,\ wRich i Db qaeek&&dCﬁ%EEh b”tfiﬁﬁéntkéfgng

i nt rher%( ¥ 102: - #def g gEE recent,rhere) /* cac §in
vdupdat e C?mﬁﬁ%$1ngoh§ PerPr H%ﬁm recent [K RTYPE]: int -
rhere/* */ 104..#def|neaK INbfequunb-r&cen&pﬁhﬂﬂﬁ)cf'liﬁgtrﬁgwigﬁgahere =0]

= (1< <7);\ 106: i ed ( [ | Z =.rhere +
(1< <7); \ '107: ?ae‘vé\{egnt‘% hce'{r'lg g] ge%%r;%g? %%g ew[ﬁm? $RERe + = 1)
< K RTYPE) recent [¥ihick] ﬂh(emecenca):enatedg &;epllds)ee thElOsedordi ne. K

UPDATE( qui ck, recen&éfﬁgégk a \ 111: " { quick[copy. %KQSIZE] = copy; \ 112:
|f((rheres+ = rhere = 0; recent[rhere] = copy; \ 113: }

37 _ 1l executlng the J.nstructz.ons

3. For a digiﬁai computer, the improvement : -
comprising: | | |
o a) flrst program means for
i) examlnlng a first and a second

20 file ‘and
' ' ii) produc1ng a sequence of
instructions which, when executed
concatenate .
| | ' A) parts of the "-first
25 | f:.le with o

B) parts of the second
file, w1thout access to the
_ second file,
in order to repllcete.the second file.

30 4." The: 1mprovement accordlng to clalm 3, and further

' compr1s1ng second program means for executing the sequence
of instructions, for_repllcatlng the second file.

- This Sheet 1. lood 3 | . | o |

l ” H’”H] ’IT _ This is the replacement sheet

Date: 95/4* (%6 |
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114 115 : . #define VD I SCOPY(K) ((k) > 0 && (k) <. (K RECENT+KRTYPE)) 116
#define K I SNERGE(k) ((k) >= (K RECENT+K RTYPE)) 117 118 —#rtefimeAS| ZE -

" */ 119
;&é: oA ;rg?_og%(s) ((s) <= A S Z/E) mi)égl OC_a'l.ADD-Smmm"I,HIMl)H{),!Hg g
(s) L M /s ed

| ocal ly 120 #define A  LPUT( s)

| ocal val ue : *[ 121 - #define A _PUT(S) ((s) - (ASIZE+

1)) A * code(% nor%gmeteh cf £ sav lave *) 122 123 #def i ne

Al SHERE(l) ((i) &’A_SI|.ZE) od of saving a afer| yezslipncofed somputey

124 #def Enden p@?(m)su(g iDhe E‘cSlch);_ﬁ@Ssteps(il#def |Sm|§I ?S)GE\F/I(S?\/I " (2§ s).
ASI ZE+1 126 127. e < <

7 *(rrax Ioc?al) COPY si ze Z%An&?aﬁ%ef 0% &FSEO&E{%}O{*(WtAt ans| ZE)

/* can be 2oded |o@aml>1er versizg, and AldarbfElRYT(s) ((s) - (MMN1)
] * *) 1 PUT(s (s (C Sl ZE+ 1))
5* -28323' lng(r:??lal Vi‘Li’ﬁe Y. 13%(313251“&%#'{12??%% %SHI’:’ﬁ:e(éﬂ %PGI) & ((1 < <S

BITS)-1)) /* si 18tREs veraden dsabimilar t83the ea#lgéine CLGET(i)
((i) & ((1< <S BITS)-1) yersiMd,Nahq 134 ~ sdefine C GET(s)  ((s) +
“(CSl ZE+ 1)) 135 136 #def,i,ne. KPUT( k) ((k) < <SBITS 137 :
#define K GET(i) ((i) > > &1 Tsfifferenre passagesdi mghereged ADD CO;’Y
i nstructildhs */ 140 thédthtae MrAon is dlffereﬁt Erom tk}e .
bits for tiny ADD 141 e l#defll’el%ATl NYSI Z NY) :
/* max tiny ADD size S#Fiig® Vv J-ﬁ:z’cﬁ'eflneA|ST|NY(s) : ((S) <= A

TI NYSI ZE). 143 #defbhe ALERUH®)thd (addresdl whére ea&ﬁjeéixﬂflfrTGET(l)

1 bl es for tiny GIRPads oclieiih rhe Sfuiial version; @nd <c Tiny) + W
MN1) 1* max tiny COPXhize Storings eachgt#ddifﬁér@anTLl‘ﬂiﬁiQa ?\M 1(5 (() s)
=CTl | ZE) 14 e X

/<def| neN\ésTGEzl'(l )Q:o e(t-zl?é‘ii @w&'&ﬁ %I{ﬁ)ugéa%?f (oi“, Jﬁ'?\IY? f}“)rrenlﬂel\/lw 151

er version.

_ 6. A process of lnformatlon repllcatlon, compr1s1ng
_ the following steps:
a) finding, at a first site,
20 ' - i)  similarities and
ii) dlfferences
‘between a first file and a second flle,
b) malntalnlng, at a second s1te, a copy of

the flrst file; _ _

1- 8 c) transmltting'the following to the second :
' site:

i) . locations of the similarities,

'ii)' the differences themselves, .
‘and . .
.30 - iii) - 1nformation to enable
R repllcatlon of the second file, based
on (e)(i), (c)(ii), and the second

file. : |

~ This ig the 're;l.aoo'mo;wt nﬁe'et |

.oaié:- 7_5( & ( L

eet Has Been Replaced

|||||||\ T |I|




152 . - #define K TPUT(K) (({k) +K|VERGE < <SBITS) 153 154 : -
soo e (i, Momy | dss L pwten) 1IllllﬁmlﬂlllﬂMllﬂﬁm?i;'-

: : * = *fron+:5\ " 189: *
from+= n; break;\ 158: case 7gg“tot++ > e
case 6: *to++ =*fromr+;\ 160: ease 5; *to++ *fﬁ(rjg%mr \ 1%3 -
case 4: :Eo++ = *frwm++ A rﬁ@@hed of uﬁfaﬁ-_eng% f1°iq 3$¥51°mf3|foﬁwﬁlle ines -
gg:g g brgak § nel"66verib9n'188mPr131P9 Bl;bo@orlé.mung eukpd or a buffered

170 :
1/ 0 subsystem to speed u@) |/ @etlivi®d 'instAlaliges ! wiiET Orde/r* 7

one
ffSﬁIl Rﬁa{imit or ,ﬁ&f R %‘F %"l%f‘aE%PﬁetPC@E(m‘) o
((.uchal‘_) ((8) &1 _MORE-1))) 1) bcc:fp]cyzl}z{(g‘:i ?(GQ )ﬁé&\ﬁl%fﬁ tﬁar'f‘yﬁgdef ctrons
i '1731:75 ; " {SL(r:ﬁgt e 10 98 ld' elf% into g@chgpecified endb; 177 :
bglj?scs: t*  disc; 178.ocation cm@ the new h@f@lon”%EADF( 10) UC??[ 0)-
e 18083 e Of;[n‘ TEE%?’%’)‘Q a s;hg‘!*e‘jll(‘!(]e -P3rgi 98- > wri tef)
Tha . -rezgfe% ne BUF(i o R "mew 'vetpopm >intd) W5 ap e%i#ggg') " (o>
BUFSI ZE(i by - si zeoflggBan)l—o)f Jrufy %?&%n‘%sfdefl ne N #d(eh he DI SC(10)
?(ei(ég - igrsc) ﬁggf e E;ilf\/-‘lde1g Fﬁé- R ﬁl %lSQQCJ-f:Llehytes’ endl =

- ((io)->next = (io)->t bu’spec‘n.fled locat:.on in the new version;

' - and

' b) executing the 'instructions._
15 8. A system for generating data indicative of
differences between fJ.rst: and second versions of a file,
comprising:

a) means for deriving a sequence comprz.s:.ng

_ the following 1nstruct:l.ons. _
20 - i) a COPY instruction which
orders that characters be copied from
" "A) a source location in
- e:.ther the flrlt or second
_ . vers:.on, to ' o
25 . - .~ B) - . a destination
. location in the second
_irefsion, and
ii) an ADD J.nstructlon which
 orders. that spec:LfJ.ed characters be
'_added to . spec:.f:.ed locations -_:Ln the
‘second version.

30 '
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39 191 : (io)- > here =0, (io)- > disc = (disc)) 192
#defi ne: MVNIT(lo dISC) ((io)->endb = ((io)->next = (io)->buf) + :
BUFSI ZE(io), \ 193 : . s -~ (io)- > here :'0, (io)- > disc =
(disc)) 194 #define REMAIN(i o) (ENDB(io0) - NEXT(io)) 195 — .
#define VDPUTC(io,c) . ((RENAIN(lo) > OjL (* VUfIsbuf)(lo) > 0) ?\ 196 -
(int)(*io)->next++ :-(c)) -1) 197 - #define VDGETC(lo) ' .
((REMAIN(i0)> 0 11 (*_Vdfilbuf)(io) > 0)? 198 . -
(int)(*(i0)->next++): -1) 199 200 : typedef. struct ydbufio s 201
{int(* vdfilbuf)_ARG ((Vdio t*));. 202 - int(* .

vdfl sbuf) ARG ((Vvdio t*)); 203 : - qung(* vdget u) _ARG ((leo t*,

ulong)); 204 int(* vdputu) ARG ((leot* ul ong));  205: .

Sint(* vdread) ARG ((Vdio t*, uchar*, int)); 206  °~ |nt(*'-- .
vdwite) ARG ((Vdio t*, uchar*, iot)); 207 -} Vvdbufio t; . 208
“#define Vdfil buf. deuflo.Vdfilbuf 209 #def i ne Vdf | sbuf - .
Vdbufi o. vdf | sbuf 210 #define Vdgetu - - Vdbufl 0. vdgetu 211 ;
#defl ne Vdputu - - -Vdbufio.vdputu - 212: #defi ne Vvdread
‘Vdbufio.vdread 213: #define Vwite Vdbufio.vdwite 214 215: BEG N
EXTERNS 216: extern Vdbufio t Vdbufio; 217 : - extern Void t* .
mencpy ARG ((Voidt*, const Void t*, size t)); - 218 : - extern Void t*
‘malloc ARG ((size t)); 219 :. extern void : free _ARG ((Vbld
t*)); 2200 -~ END EXTIERNS 221 222 : . #endif /* VDELHDR. H*I |

. COMMUNICATION
CHANNEL.

d TRANSFORMKHON

VERSION 1] ol  {-=VERSION 2
2 TRANSFORMATK | TRANSFORMATION |

_“This is the replacement sheet. =

o fefie



-

40 223
peregrine.zoo. att.com /n/gryphon/ gt/ kpv/ softwar e/ srcllib/vdel ta/ vdel t a. h

224 1: #include "vdel hdr.h" 2: 3 A Conpute a . _

" transformation that takes source data tg target data 4. . ** . 5 R
‘Witten by (Kiem)Phong Vo, kpvresearch=att.com 5/20/94 6 . . */. 7.
8  #ifdef DEBUG 9 Iong S copy, ‘S add; /* anount of input .-
cover éd- by COPY and ADD - ' - *F 10 :- . long - Necopy,, N -

~ ‘add;- /* # of COPY and ADD instructions . . o 11.
-long -~ Mcopy, Madd; * max size of a COPY or ADD [ nstructlon 12
| ong’ - N-nerge; - [*# of nmerged:i nstructions :

*/ 13. #endi f - 14 15 : #defl ne MERGABLE(a,c,k) ((a) > 0 && A .
.ISTINY(a)&&\ 16 ' ' (c)>0&&CISTINY(c) &&\-17':_'

(k) > - K SELF) - 18 1 :  typedef struct match s Match t; 20 :
typedef struct tabl e s Table t; 21: ~ struct match s 22 - (I\/atch-.
“t*  next; o I /* I|nked list ptr- 23 24 - struct tables

25 :-- {Vd| - 1* io structure -
x| WORD—UtWM buymg cocanuts, make sure that 4heys are cmcktﬁreengnd
o 27 PoSITION-emtd 22 ~ T src; 4 285 6 7uch8r*9 10t att .

/* target- strlng ntar;

g gmgt b et ke st ey ar

% 31 ) 18- 14 Jé. N9 ZQasezbf X c@Bnt 24 |VERSION
. S
| a3 %@V{vﬂ?\ oter \f'hﬁﬁka coconut i {fﬁg@gﬁﬁ fash) taple
- * 34: _ enc 5%d 3(9& put & . 37
#if _STD.C - -  and hit it around the center with the clow end of ¢ hammer. - '

38 o4 a2 4 44 45 46 47 484950

TWhen  16them 31 it
2 buying 17 Shoke 32 around
3 coconuts 18 to 33 the
-4 make 19 heavy 34 center
‘Ssure 20 withh 35 claw
6 that 21 water 36 end
7 they - 22 Now 37 of
8 are 23 hold 38 hammer
9 crack 24a -
- 10 free 25
fiand 26 one
12 have 27 hond
1306 28 over
. 14 mold 29 sink
. 1Som 30 hit
FIG. 14

This is the reptmmont nheet .

 Date: 95/ [%



41 - 38 ‘static vdputinst(TabLe t* tab,- uchar* begs, uchar * her e, Mat ch

t* match, int n copy) 39: #else 40 static vdputinst(tab, begs,
- hére, match, n_copy) 41 Table t* tab; 42 - uchar* - begs;
~/* ADD data if any . _ 3 */- 43 - “uchar* - here;
/* .current location 3% 44 - Match t* match; /*
~ best match if any - - *] 45 1nt - n_copy; .[* Iength of y
.match - : *| 46 - #endif 47 - { 48 : - ~reg int
" n:add,. i add, i copy,.k type; 49 : .. 'reg'int n, caddr, copy, best, d;
50. .51 .- -n add = begs ? here- begs: 0; -~ ' /* add size
*[. 52 : ¢ addr = (here-tab-> tar)+tab-> n Src; -/ * current address
*/ B3: k type= 0 54 55 :°  if(match) /| * process the COPY.
instruction */ . 56: - { : /**/DBTOTAL(N copy, 1), DBTOTAL(S.
copy, n copy); - DBMAX( M _copy, n copy) 57 58 . best = copy =
mat ch- t ab- >base; 59: : k _type= K. SELF 60 : . - C
i f((d= c addr - copy) < best) 61 : _ _ { ' best d; 62:
k type = K. HERE; 63: _ . } 64 = : for(n=0; n <
KRTYPE; ++n) 65: o A “if((d = copy - tab- >recent[n]) < 0.
d >= best) 66: o A conti nue; 67: '
‘best =d; 68: ' ' "k type = K RECENT+n; 69: . '
} 70: - if(best. >= 1 MORE && tab-> quick{n = copy%K CSIZE] == -
- copy) 71 . ' { for(d =KQTYPE-l; d > 0; - -d) 72
if(n > _(d< <\D BITS)) 73 o . - , br eak: - 74+~
‘best = (d< <VD BITS); /**/ ASSERT(best < (1< <VD BITS)); 75: o
-~k type = KCUICK+d{ 76: o ' _ . ' o
L “Hawgiian' all - Y
| When buymgAcacunuts, moke sure\(A-4F are crack free and
4+ 24 4 56 7.8 9 1011

have no mold on them. Shoke them to moke sure that they are -
12 1314 1516 17 18 1920 21 22 23 24 |verSION

" heavy with water. Now hold @ coconut in one hand over o sink | 2
25 25 27 28 29 303 3233 34 35 3637 |

' a brick '
and hit it around the center with T,
38 39_4041 42 43 44 4546‘7 484950 o
- FIG. 1B

This is the replactinient shest

omes 93[F[T6



42 77 18 / **| ASSERT(best > =0); 79 | |
[**] ASSERT((k type+K MERGE) < (1 < <I BITS) ); 80 .81 :* update ad

dr ess

caches */ 82. KUPDATE(t ab- > qui ck, tab-> recent, tab- ">

rhere, copy); 83 84 :* see if. mer gabl e 4t o | ast ADDlnstructlon x|
|f(IVERGABLE(n add, n copy, k type)) 86 — .

85 .

{
[ **[ DBTOTAL(N merge, 1); 87 A i add = K TPUT_(k'

- type); ATPUT(n add) ; C TPUT(n copy) 88 }..89
. else 90: . | copy = K PUT(k type); 91 -~ . .
if(C ISLOCAL(n copy)) 92:. . : i copy = C
LPUT( ncopy); .- 93: : } 94' -} .95 96: “i1f(n add-

97 (- 7] %+ DBTOTAL(N add, 1): DBTOTAL(s add, n add); DBMAX(M add,n

add); 98 99 ' if(! I\/ERGABLE(n add, n_copy, k type)) .100:
“iadd = A ISLCI:AL(n add) 2 A LPUT(n add) O;-_ 101: 102

|f(VDPUTC((Vd|o )tab,] gede 0) 10 return- 1;
i f(PA ITSLOCAL( N '& gcoconuts make (s’am.arh( é?ddkdrcé Xndd,

(ul ong) APUT(n ad#¥) 2 136: 4 5 6 rqiun-g; 3107 It
Lf((* derlte)((leot* tab, bt?;%n ad) <0)t 108:
return-1; 109: have,mo . P to- ogke sure that they ar

| N 12 1314 1516 17 18 1920 21 22 23 24

heavy with water. Now hold a coconut in ane hand over @ sinke
25 268 Z7 2B 29 303t 323 4 33 W

and hit it around the center with [a_brick] .

> 0) -
104

VERSION
2

38 394041 42 43 44 4548

~1When  16them 31 it
2 buying 17 Shake 32 around

.3 coconuts 18 to 33 the

4 make 19 heavy 34 center
o sure . 20 with 35 claw
Gthat =~ 21 water 36 end

Tthey . 22Now 37 of
- 8 are - '23 hold 38 hammer
ftand 26 one . 41 brick .
12 have 27 hand S
13 no - 28 over
- 14 mold . 29 sink
- 18 om 30 hit
FIG. 1C

This is the replacement .heelat'l _

gg/ﬂr (%
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112'{

(! IVERGABLE(n add n copy k type) && VDPUTC((Vd| o]

t*)tab,i _copy) < 0) 113: _ return -1; 114

43" 116
0) .117

(*: Vdputu)((leo t*)tab, (ul ong)C PUT(n copy)) <
return -1;5 118 119 |f(k type o
{

> = KQUI CK && k type < (K_QUI OK+K_QTYPE) 120
- i f(VDPUTC((Vdio t*)tab, (uchar)best) <0) 121 _ '
return-1;. 122: } 123 else 124

Cowrmt. 184 ERE gd&!ﬁﬁlt% tmdlleagure( %Hd%”g%?j?g)crﬁc@freel%ﬁ d..] 100
P 7%% 138 € |

i £((* Vdflsbyf)((Vdi §t*)tab) < 0)

131: -

reg ulong -
148
*ad, *endfol

return 1;

} haV82no ¥Ad on them. rShiaké them td ke suﬁe tﬂeﬁf_’theg 137 :

* Fol d a striln i ST C 9 st v d |
tab, int out utg;'2 12% 14 #lsl ‘sée DP 183sta‘t9 20vdf d 2ab Sou?pu&ﬁsiq&
Table t* tab;

. eavy with iwater. Now hold a codonut jin Tohé: hand #éeardiaf sikk> - 1146 :
ey25n' 287:27 28 B BOBr :5233554 emls 3637, [heade;’

25 26 27 28 29_3031 | 3233 34 35 3637

‘Ireg Match t *m *list, *curm *bestm reg uchar -
. and hit it around the center with the claw end of a hammer. |
38 394041 42 43 44 45 46 47 484930 ]
When buying -
. CcoPy 21 |
INSTRUCTION__1 - POINTER _
FIG. 1D

- When buylng coconuts, make sure thut they are crack free and
'1-42-3_ 4_5_67891011

have no mold on them. Shoke them to: make sure that they are{
1213 14 1516 17 18 1920 21 22 23 24 |VERSION

heavy with water. Now hold a coconut in one hand over a sink | 1

‘and hit it around the center with the claw end of a hammer. |
38 304041 42 43 44 45 46 47 484950 |

"~ “When buying Hawaiian
12 3 |

ADD 1 chanon — -

"INSTRUCTION_2  PONTER

h FIG .1E':' .- ..This' is the rM@mmt_érest
| o Dgie:_"a%l‘f'( ac -



150: | reg-int - head, len, n src = = tab->n src; 151 reg iht

'size =tab->size; 152 : reg uchar *src = tab-> src, *tar =
- tab->tar; 153 : . ‘reg Match t *base = tab- >base **table = tab- >tab|e_
This is the rep -al rmnt nihet 154: - . 6 _ o _
If - ' - .44 155:
|_f(|output) 156 A ._|f(tab >n sr_c<M MN) 157 P
return 0; 158 - . endfold = (s =src) + tab->n.src; 159 ST
. curnF base; . 160 When Id = (s =tar) -
+ tab->n tar; 16314 buymgk@‘%mm——g@é%t %’Fﬂ arelGEﬂCﬂ ree and .
i f(tab- >n tar - <"M'EM-H)—$6-5-—- r&t uBn 11 -
vdputl nst (t ab, s} end@ve aoNmoldViahcthehr:) . 7 168 :
add = NI L(ucharf);12 1688 14 15 1gbest @Okﬁlhg'?mto su %2#?9 they are l en=
M MN1; - 171 HI NI T(key, s, n 2hr 22 231734 VERSION

{0 for(s) 1| schae vith Wﬁtlﬂmfmfmt@éboﬁbt it h -
R T e sasajsggtis?efgﬁgﬁead '

. endsearch; - 174 of .

list *1. 177 178 and hit it around the centen w(tbetheralq* énd Bf @' Ramise! © frents

x/ 179: . .| 3B 39404t tor¢2: 3180;4 i f(m
>= best mtl en) |181: ® i 45 47 4% QQ 1182: J o
|f((m— m >nextll_==_list) 183 : L ' got o
endseargh 184 R R _ IR 515 M— j } _
When buying Hawcuan coconuts. make sure
12 3 4 5 6
COFY 3 3 . S . IR
INST RUCTION.S S L POINTER
FIG fF

have no mold on them. ‘Shake them to make sure that th '
12 13 14 _15 16 17 18 1820 21 22 . ueyza{e VERSION

heavy with water. Now hoid a coconut in one hand over @ simk | |
_25. 26 27 28 29 303t 3233 34 35 3533; '

and hvt it amund the center with the claw end of @ ham '
38 B4 e 44548 47 484950 e )

When buying Hawgiian coconuts, make sure all
12 3 4 5 6 7
ADD 1 al!-—* ' ' S

'msmucmN4 | S POINTER

" This is the replacement shest

B (e
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187 head = len - (M MN1); /* header before the match *|

188: ‘heade = s+head; 189 : ~for (;;) 190: o
{ - |f((n =r- base) < n_src) 191 : - N - if(n < head)
- 192: R - ~ goto next; : ' S
smsnt - eet 193 ; L _ . — SmE Ssrc.- N
Date: - . . o : o _ S . : .
_-EatLB-t(Qqc - o co _ ' _ a 45
- 194: S } 195 o : _ . else 196 . S
{ |f((n-— n src) < head) 197: : - - . . goto next;
-198 - _ . Sm=.tar - n; - 199 : I -} 200
201 ' ' ' * make sure that t he M "M N bytes match */  202:
'|fflEQUAL(heade sn)) 203 - o ~ goto next; 204 205
/* nake sure this is a r eal natch*/ 206:' ' _ ' ' for(sn}— head, o
Ss = s; ss < heade;) 207: . S |f(*snw+ = *ss++) 208
- goto next; 209 : . - . ss+=M MN 210 . 2
S sm +=. NNIN 211: ends = endfol d; 212
_ |f((n}base) < n-src && (n = (src+n src)- sm < (ends- s)) 213:
~ends = s+n;. 214: : . for( ss < ends + +ss, --sm. 215
Cf(r sn1 = *ss) ' 216 : ' - gofo extend;, 217 .
e o Whenb%v\g)cmwmd&lmmmeyaremckﬁeenm; iffl(m=
m >next) = Ilst)J 22 5 6 7 |8gofo0 eﬂMsaarch' 221

-} o hiave no "maid on them. Shake them to make sure that they r : |
| 12 1314 1516 17 18 1920 21 22 23 24| |veRsion

heavy with water. Now hold a coconut in one hand over a sink 1
125 26 27 28 29 303 3233 4 35 337 '

‘| ond hit it around the center with Ithe claw end of a hammer.

B RO 28 48 46 47 484350
POINTER

b% Havmmn coconuts. mcke sure gll [ai jare e crack free andy
1-’2 6,7|891011!

|12 13 14 1516 17 18 1920 21 22 23 24
I

l
—=i heavy with woter. Now hold a coconut in one hand over g sink |
'25 26 27 28 29 3031 3233 4 35 3637 |

'nnd hit_it_around the_center with{
@ RwN 248 B

CoPY 37 8
INSTRUCTION_S

FIC. 1H

'Thrs is the repl-acérﬁ'ont shest

{‘% (czf-

Date



202 °223:  _ extend; bestm = m head: 224: n =len: 225

"~ len = ss-5s; 226 o _lf(ss > = endfold) i* already natch
_:everythlng */ 227 : got o endsearch; 228 229 : .
o check for a longer match */ 230: 8 ss-= M MN-1; 231: .
Cifflen == -n+l? - . 232 0 —  HNTXM key, ss, n);
46 233 ' _ else H NI T( key, ss, n) 234: .~} 235 236 - .
.. endsearch; 237: i f (bestm) 238 - : ‘ {. : |f(output && - o
~fvdput|nst(tab add; s, bestnm en) < 0) 239 L .return I;
240 241 :* -add a suff|C|ent nunber of sufflces x| 242 L
ends =(s + =len);’ 243 : ~ ss = ends - (MMN1); 244
i f('output) 245- ' ' ~ - .curm= base #+ (ss-src),; 246
else curm = base + n src + (ss- tar) 247 248 - _ len-
MM N1, 249 = . . add = Nl L(uchar*); 250 .- '
bestm = NI'L( Mat ch_ t*) - ...} 252 . else 253
T i f(!add) 254 ' ' S add =s; 255: .
Ss =s; 256 . ends = (s += 1); - |* add one preflx */

When buqu coccnuts. moke sure that they ore crack free and |
1+ 243 4 5 67 8 9 10 11

have no mold on them. Shake them to make sure that they are |
12 1314 1516 17 18 1920 21 22 23 24 |veRsiON

" heovy with water.  Now hold a coconut in one hand over & sink | 1
25 26 27 28 29 303t 32 33 34_ 35 3637 :

and hit it around the center with the claw end of a hammer.
38 39404 42 43 44 45. 46 47 484930

When Halmum coconuts make sure all are cruck free and
-1-*23 4 5 6 78 9 10 11

“have no moid on them. Shake them to make sure thet they are.
12 1314 1516 17 18 1920 21 2 23 24

heavy with water. Now hold a coconut in one hand over a sink
25 26 27 28 29 3031 3233 # 3 3637

and hit it around the center with a brick
38 334041 42 43 44 4546

ADD 2 g brick DR |
WSTRUCION.6 . POINTER

| FIG. 11
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260

257

{

} 258 259 :
. ends =endfold - (>W N-1);

if(ends > (endfold - (MMN1)))

261

. 262

Dete:

i f(ss < ends) for (;,;')_- /* add prefices/suffices */ 263 - | - n
= keyé&si ze; 264: D i f(!"(gn = table[n]) 265 : o
curm >next = curn; 266 .- ~— else 267 - o .
curm >next = m >next; 26“%,. o m >next = curm 269: -
269:  } 270 (=<2 T hdpre[n] = curmr + -
St hwt 271 o : :- c_:_-: SR - r:—" . _
272 o - if(ass|+.a-1). >'=ends$273_|—-:- > o
“break; 274 - B |H\§?‘I(key, SS,N)= 23 | |=1"Q } 276
277 . : Ef(s > endif ol d-@IM'N) / too gnorg ;Dguatcﬁg *| 278
Cif(ladd) 27@| 2 A T = (RORREURNEY-v: e -
br eak; 281: s _}-_k82_| 2821 - 3  SH\EXi(key s, n); 284
}.285 286 :  E| of(output) 1% Tllush output %/ 287 1Tl 5 -
return vdputi n'stg al, add, endf bl d! NlE(Mat ch t*),Cg; 728l 131 g return O;
. O T =y el il
289: } 290.298| 4 | - 2 8lisel 3
| _ _ =Sl (Bl |
az oo L g - .‘.j' : S
g Lleo=o et la
8 & LiE &\
g g 15! 2 283
S 1) & 2 2REL
. = =1 I T R =2 =
b= - =S |5
£ BE o 2
)
o N _
1 — : ] .'
= =
o . o
: i
o SE 181 W
3 = .. |5
= . — '
e -1 18] 'Eséi g
- N d o |
= o~ W ld | =
A =] S o
a8 o | | b_g g =S
7 Holem —t I : I .
e = - R =1
w8 S S 8 S8
. A o -— —'-"":".-?'"I"_-f
- g ell = = 281
=] o S S ali19l
Z - S|IL=l = 3l
= 3 5 2
g 2 2 2
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1292: #i f STD C 293 : ‘long vddelta(Void t* src, long n src, Void t*

‘tar, long n tar, Vddisc t* disc) 294 ~  #else 295 :. . long vddelta(src,.

‘n src, tar, ntar, disc) 296 : =~ Void t* 'src; - /* source string if :
‘not NULL = */ 297 : | ong - src; /* length of source data 298 -
> Void t* ' tar; | * target s&ring if not NULL *[ 299

long- ntar; 1* length of target data 300 : - vddi sc ‘t* disc;

I* 10 discipline . - . X[ 301 - #endi f 302: -+ { 303:

reg int - size, k, n, window, 304: ' reg |long p; 305: - .

Table t. tab; 306 307: o if(!disc jl !'disc->witef |, 308 :

(!disc-> readf && ((n tar > 0 & Itar) Il (nsrc > 0 & !src)))) 309 ;
R s ' R - .48

returns-1; o : _ _ o :
311 - if(ntar < 0) 312 - ' return -1; 313 = if(n -
src'< 0) 314 ' ~ nsrc= 0; 315 316 tab.n src = tab.n

tar = tab.size = 0; 317 ~ .. tab:tar = tab.src = NIL(uchar*); 318 -

tab. base = NI L(Match t*); 319 - tab.table = NIL(Match t**); 320

"WNI T(& ab.io,disc); 321. 322 ~ . ~if(disc- > window <= 0) 323.- . .
~ w ndow = DFLTW NDOW 324 el se if(disc- >w ndow > MAXW NDOW - -325 .

wi ndow = MAXW NDOW 326 . el se w ndow = (int)disc->w ndow, 327

i f((] ong)wi ndow > n tar) 328 o wi ndow -. (i.nt)n tar;

VERSION1(a b ¢ d a b c dabcdefgh
VERSIONZ(a B ¢ ¢ x y x y x y x ¥y b ¢ ¢ e f

" COPY

1. 4 0
TRANSFORMATION §: é%gy | % - ;g
- 14 corr 5 g

FIG , |

- This is the ré‘ﬁl'achrfmt ihe'et



329 . . if(n-src >0 && (long)w ndow > n src) - 330: '
W pdow = (int)n src; 331: 332 . : /* try to allocate working space

%/ 333 o mhlle(mnndom1> 0) 334 ' { =~ |* spacen for the
~target 'string */ 335 _Si =(n tar =0 tar) ? O mnndomr
336. : . |f((|0ng)srze > n tak 337 ' o - 'size =
. (int) ntar; 338 S if(size > 0 && I(tab tar = - '
(uchar*)nalIoc(S|ze*S|zeof(uchar)))) 339 ' goto reduce _
wi ndow; 340 341 - | * space for. sIrdrng header or source strrng-_ -
*x[ 342 - _if(n src <= 0) |* conpression only */ 343 L
- size =tar ?0 HEADER(mrndomo 344 - else . ' | *
dlfferenC|ng *| 345 . R size-=src ? 0 wi ndow, 346:
.|f((Iong)srze > nsrc) 347 - . - size =(int)n src;

348 S : } 349 o |f(srze > 0 &% I(tab src =
(uchar*)nalIoc(slze*slzeof(uchar)))) : _ . _
This is the r~t . ment eet : ' ' _ _

Date: - S : ' L 49 350 .

got o reduce mnndomr 351 352 S T space for the. hash table
=e|enents */ 353, o ~Size = mrndOM/< n tar ? w ndow: (|nt)n tar;
354 | if(n src <=.0) 355 l£NGﬂ116 o size + =
wi hdow < n r..4 HEADER(W ATOW U; 356 . else ~ size‘+ = -
~wi.ndow < nég%LONGHARA (iot)h ercd 857b: ¢ d abc d.¢(|f(t9abhbase =
- (NMat ch t*)naﬂloc(srze*slzeof(MatQh t)))) 358 } ‘goto
reducewi ndow; 3‘ aﬁngN 0 1 2 /* space for t he hash t abl e1§/
T | LENeTH 17
VERS'ON_CHAR_ACTER:abc'dx_'yxyxyx'ybcdef
2 ISR D |
- POSTION: 1617 181920 - | B 2
COPY 4 0
ADD 2 xy
TRANSFORMATION COPY 6 20
. |coPY 59

" This is the replacement djee't' -

B Dot 23{‘\’ e



361:- .
. &+ n-i) '=0); 363:
size =64; 365 : .

n = sizel/2; 362 :

t**)nalIOC(S|ze*S|zeof(Nhtch t*)))

>= 1) <= 0) 367 :
[* if get here,

suécessful *[ 370

i 1 (!
)3

(
! (
6

6:

m——"

~‘tab. S|ze = size-|;

“do (size = n); mhile((n
size < 64) 364: C
tab.table = (Match :
|f((S|ze > .
12 . goto reduce mnndomr 368 369 @

371:.

- break; 372 373: - reduce window 374: |f(tab tar)
- 375: { - free((Vbld t*)tab tar) :
tab.tar = NIL(uchar*) 377: _ } 378 '
I f(tab,src) 379: { '_ free((Vbld t*)tab. src)
tab.src = N L(uchar*) c’) ]RA el 382 . -
i f(tab. base) 38 HA CTER io_ _b g,rép(QVctht*dtaﬂ) base);d3s f g h
tab. base = NI L( ?PN*) 385: { b ¢ 44 ) 389 $ S |
i f((w ndow > >= 1 3 0 . : ' : returmei; 388;
.Thfg is the repln% _hé pdﬁﬁbN.,.O 1 2 3 , 6_ L g 12 15
Dat e: 3 X l—-"-.--1 - _ B B
50 389 390 - /* anount processed$*/ 391 n =0; . 392 393:
out put magl c bytes ancr@.y;ag‘rgg. 84!7 c Bor(k = 0; VD MAGI Ctk] K+ +)
-VERSION | RNR] _
2 PQSH'ION. 61718 |
INSTRUCTION{ COPY 4 o PONTER (AT 15)
FIG. 2B
CHARACTER" ¢ bcdabcdabcdefagh
"ER,S"’" O N O I by
PoSTON: 0 1 2°3 6 9 12 15
- —— o _
b . r—lﬂ
N | POSTION: | 16 17 18 20
I
msmucnou[mn 2% x,y 4 PO!NTER (AT 20)
FIG._-zcl'
 This is the réﬁlwé?ﬁ’“‘ shest

_Déieﬁ . ?5(“" [%

T



395 396 S if((*_Vdwrite)(&tab. |o (uchar*)VD MAGI C, k) | = k' 397

(*Vdputu) (& ab.io, (ulong)n tar) <= - 398 :
(*Vdput u) (& ab.i 0, (ul ong)nsrc) <= 0 j 399 : o
(*Vvdput u) (&t ab. i o, (ul .ong)w ndow) <= 0)1 400 ' E goto done 401
402 | * do .one wi ndow at-'a time*/ -403 : mhlle(n < ntar) 404 -
{ | * prepare-the source string */ ~405 e if(n src <= 0)
/* . data conpression */ 406 : R |f(n <= 0) 407
~tab.n src = 0; 408 o - "else 409
g size = HEADER(wi ndow); 410 - : R
if(tar) 411 . e o _ ' ~tab.src = tab.tar +
tab.n.tar - size; 412 Lo - _ el se : :

mencpy((Void t*)tab.src, 413 . :
~(Void t*)(tab.tar +tabntar - size), 414

size); 415 o _ S tab.n src_; Si ze; 416 .
} 417 .} 418 . - - el se /* data di f f erencing x1
- 419: . { n <nsrc) 420 o : { :
i'f (n+wi ndow > nerEHRS] chAdAHER cdab e d b
‘src-window, 422: 1. f f bt Telsg p 9f23i e f g h
if(src) - 424 . Pognoﬂ tlab. src 4 (ucharf)src +fp
425 ePse 4% 3 6 12 {5
size = (*disc- >readf)(VDSCURCE tab src, 427: (o o e -
. .W ndow, p,. disc); E is the replacenet shdet ' ¢ )
Dwe- - Iens @ b 51
428 o VERZSION - $ : iq‘ ‘fs-lzie .=YW| ¥1d3w)x Y :
| . o POSION: - 16 17 j8 20 2 '
- INSTRUCTION( Copy g o [ o
. | [_  2° LPONTER (AT 22)
FIG. 2D
I rCHARACTER. - S - N
POSITION : f t 4t 4 _?-‘---:—_fl 9 ;‘ ’[
. '\ M o ' ; ' . _
VERSION 4 ;:F? : Y : Yy XY xybocdeft
-~ L Posman 161718 2 2 A
INSTRUCTION{ CoPY 5 ¢ | o j
FIG. 2F
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429

'}

462:

goto done; 430:
431 . : -} 1* el se.use |ast window / 432 433
tab.n src =.wi ndow 434 435 436 @ - 1* prepare the target
-string */ 437 : - size = (n ar-n) <vmndov\/7(|nt)(ntar-n) -
w ndow; - 438: tab.n 'tar ---5| ze; 439 . [ f(tar)
. 440 - tab.tar (uchar*)tar +.n; 441: _
else 442 . , { slze = ( di sc- >readf)(VDTARGET tab.tar,
size, (long)n, disc); 443 444 D |f((Iong)S|ze =
tab.n tar) 445 : - goto done; . 446:
} 447 448 :»5 f—n-, i * réﬂ’-nltlall&tableﬂ&efore processi ng /449
: T=tfor(k Stab. siz€ k>—0, --k) 45@ .
tabtable[k] :NII(I\/atcht*) 451 _
I'NI T(t ab. qai Bkt ab. r eceTh , t ab. rlfﬁre) 41?2 453 .°". |f(tab n -
src > 0 &vefwel d( & ab,«e) < 0) -454 - - goto done; 455:
i f (vdfol d(.cga_abol) < 0) o456 @ - o ot o done; 457 458:
n +. size, 459: 460 " done: . 461 o if ar && tab.tar)
free((Voi d—t‘")"E'ab tar) @463 . , |f'Ft"a'bf.";rc"-&& src < =0 && ftar)
( src >(E&&dasrc))) 464 T o frep((Veidgf)tab.src);
- L it St -Thi§}is theJkiacnent 1e 465:
-|f(tab basey’zt%es “""", frs((v&dg-)taﬁ._bas), ..
_ « ST &S 2] Ml ST -
N BN |"°| o ] =5
il BT e el R g
R A o S R I~
vl g L KT ) =1
- <} = : |l
S TS
- _ o< é
o-- o v< &
t ' ’ ' o< g
: [
— o~ ) - wn 'ng - i‘é’l : f
s 5 5 5 S5 S8 3 ot _J
& = & = & e & 1.~
e o s = = = - = :"I
T o o o o o o Rl
N @ K e e I > = ©® a< =<
v v w® v © % < w©< o<
Sw RET I o © é o< o< ac<
S—-a o o a a 2 a< "'ac o<
P o < 8 o | § e o |
N ® 2w 0 ] o - =
o ca-u'_' X NI I Q § o Q- .
- a a a a '&" a a <
<=0 . a a u o g o =) N
"= D o v ©< ©O< z o< ©L QS
N-b. o T we we  w< o< o< : E
——=a 8< o< o< o< a< o< B
S=0¢< ©< ©< ©< O< o< o<
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'52.467 - if(tab.table) 468

free((Void t*)tab.table);
469 470 .. return n; 471 ) : _ o

- -
- Qes =2 yY= = = = vy . °
Te-o o |lo & o o ©
= SBeocioc o ¢ ®< o<¢ -
- _ . . o
~—*v<¢oc v VU< uv<)oc< =
< Qe 0c v< 0 ove< o<| vc ol
N Neea<c < ac Q<Cia<|aoc >‘
. » . o : ' >
L] _ Q- O o o | ® Jo
Iy S : ) S
&, h=>w w =B |vjv =
) > : ' _ : "
. o W@=e0o o0 o0lJo o o _
: Ne-a o &a & a a -
» S } 3|
oS O © e e o
o< : ©
[~ M-+V< U< U< U< v< =<
- ©9F€ : o : _ o
: N-® 0O<C 0<¢ V< V< V¢ e _
r e< | | SO a
' L T8 < 8< 8< 8< 8¢ o<
e O-®» 0¢ O¢ Ue¢e ¢ o< o< B e
'5 : N/ Vet N\d et ek Nt -
g A - =
g ST R EER L
- . ’ -
- ®© o
| P E 8 R x oo
v-3] Bes = = & ‘=2 2 B
L] . .
o< -
©w< .
> S a<c 0v¢ ¢ 0< o< o< >
S-e-aue e - 3 S -
B TC Ve ¢ e Uelwe el
a< ' _ : -
. S Sw0¢ Ve 0 Ve o<l o< >
° _ =" _ .
: e Nwac a< A< a< a<lac | o >
- . < - .
_ > W->o @ @ @ © o Sl >
. T o @ o @ :
V- a > : o - < >
] B- O L I 7 < Q <
. e Nea o aYala a .
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53 16

" peregrine.zoo.att.conl/ n/ gr yphon/ gt/ kpv/ soft_war e/ src/li b/vdel ta/vdel t a. h

~1: - #include "vdel hdrh" 2: 3. 4 ~ /* pl y the .
5-4 '

“transformati on source-> ti-arget to recons,:l':r uct target
even if th'E'\I ocal

Thi s code is designed t
word size smaller than that

r

t he machifie ftere the dettaen?

the | ocal g

82

mac hi ne—has 6

* *

* %
* *

‘was conputed. A requirengfit that "l ong"
machl ne nust be.large enq.ygl‘@o hol d sourceghmnd target SI z -9 Lokx
It is al so-assuned that if &8 array is g"?ve> the size ®f 0 : **
't hat array in bytes must e storable i n an |nt-". Thi s j_,s 1 L *x
used in various cast frog'long" .to "int, LEE13
Witten by (Kiem)Phong Vo, kpv-~ researct‘Patt com 5/ 20/-94—-]:71. 15 o
typedef struct table s 26 : (VORp-st > ey i 0] o /* io
structure G oy 170 uchar * Sre;
/* source string . %18 3t Io‘ng S n_src;
- > = Il [ =~ |2
3¢ <G . < L
@< o< o< -
":..-.‘g< :".-°< N-.‘g‘ - t
©—u o e o o o .
— | P
-~ - N CR
e = : -
=] o =
- 2 3
_ §. © &
o o >
= . g=a
> § R—. g
>* g | *x <
> 2 ay ><
: 5 g -
_ — _
=
o > & S . o>
g"' < '35 = [ >
N X<t = Qe x<
'v<_ § g P
o< : Q< ;:
S Eeac Ne-ac¢ :3:
L o Cowo 28
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.19 ¢

.*|

uchar * tar; /* target string
20: | ong nLtar; 21 .: | ong ' S org;
“/*"start of window in source o 22 long t Lorg;
/* start of windowin target *. 23 uchar data[ 128];
" /* buffer for data transferring 24 17char. s all oc; _
/* 1 if source was-.allocated 25 char = t alloc; o
1if target was allocated 26 .: char . - conpress; - 1* 1.
if - conpressing only 27 : - K UDECL( qui ckrecent, rhere); [* addr ess '
caches 28: } Table t; 29 30: #f _STDC 31 . = static -
.vdunfol d( Tabl e~ t* tab) 32: #el se 33 stati c vdunfol d(tab) - 34
- Table t* tab; 35: Aengy &= 1@, reg |l ong size,’
copy; ' 2 c qth(VERSlQN?iS the repl aént eSt S
Dae ex o : : ' S 54 38
_reg.int . . st l‘(ﬁvﬁ)e * . reg uchar - :
“*tar,. *src, *to, *fr O.ong ' t, c addr, n tar, n
src;.41. - -reg Vd$-o f 'f('ITSt == g m.gltEf 42 . reg Vddi sc t*
disc; 43 *44 : _tar taetum; tar; .4 - tar .=tab->tar; 46
n src =tab->n src; 47. izellab-> src; 48 49 disc = tab->
- to. disc; *50 . - - 8.eadf j g’ Se=>iyydf ; 51 witef = dise->witef;
2 : for = r -
5 53 or(t =@, c ad réﬁdﬁﬁfa(\ﬂ-fksfoﬂzi&)
10. else
1. {  p = readpos();
:2 if(p < n) -
,} , :yyggsvoum.vmsmmp s);
15 se co SION2+c,VERsno~2+p-n,s)
16 c=c+r
17. }
FIG. 3
- Q1000100 (I
00000010 - xy
01000110 - 20
01000101 9
FIG. 4
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| |f((|nst = VDGETC((Vdi 0 t*)tab)) < 0) 55

54 ( = KGET(I nst); 57 58
return-i; 56 o) < type = K&ETL |f(|K|SNERGE(ktype))
,f(lVD|SCCP( yp - 18 */ 60

1 *rrerge/add i nstruction else if(A I SHERE(I nst)) | *
'size A ATGET(inst); 61 ¢ |owoi table caf positions T to empty;

= oded ADD si ze L
lsfjggl l yACEGET(i nst); 63 § process VERSION1); ; eI se | » o
~non-1ocal ADD size pr VERSION): -
i f((size _VDGET((leot*)t;ab)?mseseseﬁ; . N e 67
return-l; 66 %0t QJGS MORE
(size = (I ong) (* Vdgetu) ((gdi 0 t iy tah, (s ze) 2o Lo
liethirn 1 69 8?((t+saéefdg’.n+t_a;|)ze/ 7?1Ut750f sync.. 2
| 73 ! |
rlft Eégy' data fromthe deI{ stre'ﬁgft;oa"t;&iget / 7%“8 s the rep\mgnf %geet _
| | n |
ng{é )( | ) - “ ;‘M:gulli(i) { i f((long)(n = L
{ i f( tar - | =
f(tab- >data)) >S|ze[)3 Jen): - n 81, "
?:ﬁtegsu(ze T Vdrqqd)((leo t ﬂ(a@eg?bﬂ;s%?&!fn% W“%ef)(VD — .
return -1; 82 - 18, break; (\oi d-t *) t ab- >d;a]'5?r In,_ n§34 6. By
tsgb >t-org+t, disc); 5:? 'z" f e"te"dﬂ'.seq.c.P.len) ) M
return-1; 87: . } 18 - ., Ppos =p
| 190 if(pos < 0)
0. | if(edd < 0)
20 add = ¢;
a 'f(seq == VERSION1 )
24. - ds"
a0 c=c+ 1
- 26. | 5
27. else
28 | if(seq == vmsuouz)
9. wntemst(add.c.pos,len)
30. P = cHlen—(MIN-1);
31. - wh < c+len)
f( seq == VERSIONT)
33. insert seq,p,og
% . else insert(T,seq.p,n);
35. pﬂ B |
36. }
7. cmsctlm
B8 add = ~1; pos = -1; Ien MIN~1;
39, 3
40. - iflc >= m-Mm)
41. break:
42. -
43 ifseq == VERSION2 and add >= 0)
4. wntemst(add.m -1 0)

 FIG. § Thisistie roplacement shieet -
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88" - else 89 . S e n =

(|nt)S|ze 90 : : ' _ .,f((f Vdread)((Vdio-.-
“t*)tab,tar+t,n) !'=n) 91 ' L o ' :
return-i; 92: _ I he 930 - . ot
+=n; 94 . o ' Cif((sFzé-= n) <= 0) _
-~ break; 96 . yoo9r 98 |f(K
| SMERGE(k type)) 99 : _ S -{ si ze —CTGET(lnst) 100.
-k type-= K MERCGE;, 101 - ° - goto do- copy; 102: .
103 “} 104 - else 105 : o
i f(CLI SHERE(i rist)) .1* locally coded CCPY S|ze */ 106
size=.C LGET(inst),; - 107 ed(fs . 108 ;
{ if((size = VDGETC((leo t* ta )) '
return-1; 110 : 2 P ke? :9+J-~+P*MME’11& 111
(size = (Iong)(* Vdgetu)((leo *)ta §u% ) 112 :
-return -1; 1130 dtze) ;. -
1 ' This
S the ref pl.ambnt sheet
Date: 2 - o ' 56
. 115 . : ' do copy' 1i 16 |f((t+5|ze) > n_tar)
1* out of sync x 117 return | ; 118 119 :
if((copy = VDGETCX(VUIO t*)tab)) < 0) {?gl; E; . '
~return-i;

1 ,seq.c.len)

2 ! n = length(VERSION1);

3 p=c+len — (MN-1);

4 key = seq[p,p+1. PHMIN=1];

3. for{each entiy @ in T that matches key)
6. .} pos = position(e);

g " str = VERSION2;

0. ;'q:pos-m

:;‘ : flse' | -

: stra

15, d =g - (len - (MIN-
| }3 . 'f(d(q [(en (MN=1) );

. if(seq[c.c+1,....p-1] == tr[ (d+1,...q~1
B e - (e ))'“D
20. retum -1;

a1

FIG. 7
~ This is the replacerment shest
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121. ; _ |f(ktype>-KQJICK&&ktype<(KQJICK+KQTYPE))

122 o copy = tab->.quick[copy + ((k type K QU CK <
<VD BI TS)] 123: o el se - 124 : : :
if(copy > =I MORE&& . 125: ' 20 . - (copy = (iong)(*

Vdget u) ((Vdi ot *) t ab, copy)) < 0) 126:. a ' L -

return -1; : 127 : 1 .t k type > = KRECENT && k type

< (K RECENT+K RTYPE)) 128 extend(T, seq.C»PJen | copy + =

tab-> recent[k type - K RECENET; § e len th(VERSlONi) : else if(k

“type = = KHERE) 130 : S l(p < r% - copy = ¢ addr -
copy; 131 3 4, sﬁ-*sevw%pe == K SELF *|132:.

} 133 . K ﬂPDATEé[sgb > qui ckt db-> recent,tab->. . S
- rhere, copy); 134: 135 136 . ' _
~if(copy < n src) - I* copy from sl)ur e dg{@ﬁl}"ﬂl S {

if((copy+size) > nisrc) .I* 081t of =P o :

return-1; 139: - if(src) 140: '

{ n =(int)size; 141 :. m = len ength(seq); i-c+!enf-FFSfC+C0py

142: 3 10. n = i143=p+ten+ 1,

: to = tar- t, 144: 11, while(i < m and j < ng
- MEMCPY(to, fr,n); 145 12. ' = } 146: '

. else 147 .. : - 1§_- o f(seq['] : seq[-'Dr = ( Wi tefj (VD TARGET,
(Void t*)fr, n, 148 : . : '
tab->torg+t, disc); 149 : ;; ' _mt“m"cv : : ' i f(r 1—"
n) 150 ' : e } o : return- 1 151 _

: } 152: ; I t += n;

B Th| s is the rapl acprmt heet 153: _ R b _
DaC~tss . - < 1 r - : o '

57. 154 . _ql | e IG. 8

| VEﬁsmmrd bedab e d ab c.. def
B (A A A A : A A AR 9 h
VERSION: (o b ¢c d x ' b :
_,SION2~ AA;.AAZ_*.YXX:Iy\.bc.d_e f.
FIG. 9
ol000100 o = .
- 00000010 2 xe yd
-- Q1000116 20 _ o
o1000t61 . g
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155 C } { . if(tab- > conpress) 156
PP "~ copy +=tab->t org - tab->n src; 157 -

T _ T 158 o } 159 .
Ielni)'te 162)/D TARGE : ' { -copy-+= tab->s org;
161 o . : o " inst = VD SOURCE, 162:

% 163 f (t-é r ')Erlrgé::m AND SECURE UPDATE oF°5bFmimsd’ amp DATA ¢

(int)size; 166: r =
(*readf)(inst Abstr ;g_t168 _ _ o |

(nglyd Eii )sg; . ‘1%29 The invention concerns apparatus for updatiddOa data
~else 171 ;. file, from an earlier version.to a léter \'rersrzl.on..' The
sz ?'( Izgg;§ Eg‘g gﬂ?gﬁk}ygébmpares the earlier version with a later version,
n = (int)sizeand7derives a transformation, which contains information as
(*readf) (i nsted7Bhe simi ™ and dj ces. C .
(Void t*)tab->data, n, 11“}15181;1 .19j$ | a. ..J.__ff_eren.ces. The _;.nvez;t:.on th.en.
- copy, disc); Byqeesses the earlier version, using the transformation, in
if(r '=n) lig¥der to derive the later versi
return-1;-17 : '

= (*writéf (%@%@?Sieeitsel‘f- |

on, without reference to the

- (Voidtx)tab-: >datThe Nind&dtion allows multiple versions of an original

- Rl ; 2: _ _ :
; a?BEt org-t ’f-Tl-qlles,c)Su(:].I'i3 as bank records located at multiplé(loéstDdnaS4io

return-1; 18%e updated by transmitting the trans??ﬂ%?é%n-;‘)‘ézgé%?
186: - ' _ "

187: . mulltl_i_ple" locations, instead of transmitting bheakypd#Bed

T : . _ . . s 190 .
copy += h#5 18dles themselves. The procedure is hlgh%fs%gsf"st@&ﬁy_??om

"%arlgel't data Frocreeption éf_' Eh&i s Wpdaked epidakdt shbecause  the i

Dat e transformation, in general, does not contain the' entire
B contents of the later versions.

Figure 1

———————agey
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. S . REPLACED SHEETS ,SG . | _ . HE#QEMENT SHEE:
58 198 _ 2 L R I E,KQFME_{\Q%SHEETS
| f (copy| @Descriptior( coaded Skz8to pagedt.a1.). |/ * out -o SCFipLpR ¢ Wgeg CE’pW .....
ret Ulr n‘%’CIalrﬁﬁ) ]Pagf 7.;" to paged 33 Ford: Cldlm(g ? P 0 Pa%g
2\9/? ap q}rawmg {s) : paged \5.... to paged ..7... if((s 1 F] Pgﬂa‘gmg(sgr E@e EQ@ pagpd -----
= Sj ze Df@gract paged ... t0 paged ... ) - 31 - PWW ppaged .. to paged """
{ Bt £ =t-ar+copy.—n :(Yi_mt)s; 202 1 S JAN ,gg7
I\/EI\/CPY(togJF,—"'ﬁ%s,—ZOB 't +=n; 204 DATE OF &?CEIPT ...................
Z 207
/ggt gapgxf’ .y Wr | ¢ e *al coﬂ?g.ter, the improvement con{prls:tng : a =copy; 209:

f((long
for(;;) 210, rogram ns for roducin {1nstruct1 ns Mﬁlch allow
S|zeof(tab >dataf3 gt By, P g

(int)s; I%tﬂ,lcatlon of a second version of a binary f:[fe, basaedc{ )én
TARGET, 213 :

(Voi dt *) t ab- Sdatsd, versi@idef said binary file, without access to the s'ecor%c%
a + tab->t org. disc.); 215: . | 'r
I=.n) 216: Version. _ _ return-i; 217:

= (*wite) (VD TARGET, 218 :
Void t*)tab- >data, n, 219 :
+

: . if(r 1=
) tzgg >t 0bg. gﬂ ﬁig):hodzgg replicating a second versionr gfupnbinary me,

t +=n; wk43h is derived from a first version of the b é"(}ﬁ _]gZG 0
break; 225 i L 55 *
} 227 2BR8. follow:.ng steps : next: if((si Ze'— s) == 0)
br eak; This is the ropint d 230e

a) creating a sequence of instructions, each of which generates

!
(V
t
n

a character sequence, such that when the character Sequences are
concatenated they replicate the second version; and

b) executing the instructions.

3. For a digital computer, the improvement comprising :

a) first program means for-
i) examining a first and a second binary file and

ii) producing a sequence of instructions which, when

executed, concatenate

A) parts of the first file with

B) parts of the second file, This Sheet Has Been Replaced

without access to the second file, . ”lIII

in order to replicate the second file.

4. The improvement according to claim 3, and further comprising
second program means for éxécutiné the sequence of instructions, for

replicating the second file.

I — 3
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2§1: - : 59 232:
' : [ 39 :

233: 234 235 : return G 236: '} 237 238 #if STD C 2 |
%ong vdupdate(Void t* src, long n src, Void t* tar, long n tar, Vddisc t
di sc) 240: #el se 241 | ong vdupdate(src, n src, tar, n tar, disc)
242 Void t* Src; | * s@arece sting if any *J 243 :I'/ | ong

; * th of src *| 244 . void t* tar;

?afégi s;acgqgg dhymerhodsof saviggga later versiom tafi;a tdmphzesfEple 246:
Vddi sc t* ; 247 di f, 248: { 249 : Table t tab; 250:
uchar *d‘:a(%illk ln%dllgc[tﬁe ?g owing stepg : 252 : ljong t, p,
wi ndow; 253: d 254 5 Idi sc
| di sc- >r eadf If (ftar %&4 d@%c{%\:/vrﬂte? 3102?6‘:12&1 dan ei’;?‘:ifﬁ’%’g@g‘ﬁ;%éa?ém
; readf iddlitiEypimgadf; 258 wite i sc- >\ ;
[* initialize 1/0O buf?gf */ 261: RINI T(& ab.io,disc); 262 263

/* check magi c heddderidentd@él passagaba =whegbarhé VOMNR L) : vebSion is

for(n =

0; data[n]; ++n) 266
substantlally identical to the earlier version, and

ii) different passages, where the later version is
different from the earlier version;
b) storing the address where each identical passage occurs in
the earlier wversion; and
¢) storing each differenée passage, together with the address

of its occurrence, in the later version.

6. A process of information replication, comprising the

following steps :
a) finding, at a first site,
i) similarities and
ii) differences
between a first file and a second file;
b) maintaining, at a second site, a copy of the first file;
c) transmitting the following to the second site :
i) locations of the similarities,
ii) the differences themselves,
and
iii) informgtiqn ﬁo enable replication of the second file,

based on (c) (i), (¢)(ii), and the second file.

Sheet Has Been Re‘ilaced
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. REPLACEMENT SHEE
267 i f((* Vdread) (& ab.io,magic,n) ! = n)

the r Weet 268 :return -i;anshe 269 : for(n--l n>-0,
--n) e 234* [ gx0 270 :

if(data[n] ! = magic[n])

60 271 return-1;, 272 273 /* get true target
. sie*/ 274 ' Pf((t (Iong)(* Vdg-etas)(-&tablo 0)) <Ol I (tar & n
tar '=1t) ) 275 return-i; 276 ntar =t; 277 278
/* get true sburch @?%%OdIOf Zmatlng an fql@ vergiongpf* avdgaeu)lhtbah. new0))
<01l I (src && n 11113 return-1; *281

src =t; 2871983 comprls éjé‘le wfoHBW%gz%tePS 284 i f ((wi ndow =

I * Vdge O return-1;, 286 287
,E agngz)irp r esg 52}1) (r‘gtc%gﬂgg )gnsi&u)cti.ggs ifgg.Ch ordelf* one \@r h%ﬁesﬁ%ﬁ:ethe
it'Il be fastesii iy 90 . tab.tar = tab.src = N L(uchar*);
291 Carot ﬁ:}&igz@fagcgrgl loc =0: 292 293 if(ntar >0 &&

l'tar && window < {) oBgpMdTh sp4ified part of tHe = oflUNIIMALANV, 1 012955
el se n =0; 296 1f(n >0 & (tab.tar =

(uchar *) mal | oc( n*spewidfiad Haxcpt)ipn 887the new version; tab.t alloc= 1; 298
299: if(nsrc >0 & src & wi ndow < (Il ong) MAXINT) 300:
(i nt)wi ndow, iBpicopying g| §EePi€h%ch&Et00&&blwendmw «werdiam &ntd aa &&

| nt HEADER( W ndow]
EEQDER(WI ndg\lN)se< épl OI’% N@(I c)atlon of the new vers:Lon, ( ) ( )

iii) adding specified bytes to a specified location in the

new version; and

b) executing the instructions.

8. A sgystem for generating data indicative of differences
between first and second versions of a binary file, comprising :
a) means for deriving a sequence comprising the following
instructions :
i) a COPY instruction which.causes characters to be copied
from
A) a source location in either the first or second
version, to
B) a destination location in the second version; and
ii) an ADD instruction which causes specified characters to

be added to specified locations in the second version.

This Sheet Has Been Reﬂlaced
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304 REPLN:(EP 55}65%&8( t ab@r c

: (uchar*)fralloc(n*>|ﬁ i”ptlon g’ SP%‘S SG

42008 bRfior] pags 00 % pagea o for (1201 t < n tar ed 5 fo paged .
t ab gﬁ%@r‘b o : pag rtreahe " ggat ion in target streh laimfp) 5 |E?af41e’ to paged 22
r ed (Sgheé?agge,g ------ 0 paged .%.x.. ‘ O Drawing(s) : paged =.. to paged .-..
r n/ 2 Qrawing(s) : paged ....... to paged ..«... 31- [ Abstract : paged.r.to paged ...
Dat {1 @bstract  : paged ...—.. to paged ...%.. }86 SEP '998
310 '”“ sre==_0) /¥ data conpr epSDATE OF RELEIPT ...................

{ tab S O,Jg R 23F9TPYLer, "the improvement conp:g‘gga?; —O—3 1%

tab. n

tab.n src W n

src; 318 : replication of a second vdrdilod bt glﬁlnary file pased
tab.src = (uchar*)tar + p; 320 el s
if(tab.src) 32Pn a first version, without access{tc then sac(:ndt?ené)idinﬁr (o

tab.n rsc = HEAéR( pro gw mesns, for producxnf l:ﬁa tr%::vl::‘é:.ons whictb _a.][low

322 if(tab.tar) 323
{ dat a LIS e
mencpy((Void t* Hﬁﬂ%mﬁhﬁ"(Vb'd t*)data n) 325:
}  326: el se 327
{ r= (*readf) @VRiEA 3 2 hE6H ; iders
if(r '=n) .329 : goto
done; 330:
} 332: . i i )
el se [* data différen IR —Eaa=s Al —SS%emn Ssrc=
wi ndow; 336: version into wHildh! En@S' is to be
i f((t+w ndow) > n src : p =n
src-w ndow, 339: covied: : el se p =t;
seco ( les
passage in_ the replication, and (i1) a
passage is to be copied: and
u W i) conta : o
characters and (4i). and identifieg a location
indicated by the string is to be placedqd.

2. A mathod of replicating a second version of-a binary file,
which is derived from a first_version. comprising the following
steps:

a) creating a seguence of instructions, some of which

equire copv m 2 ra i e
yersion, and each of which generates a character
sequence, which, when-concatenated, replicate the second
version; and

b) executing the instructions.

Has Been Re‘laced
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340 341 tab.s org =p 342
I.f (src) 344: tab.src = (uchar*)src + p;

(0~ (mytab.n sro; a4 e'se'f“a“m\mm\un\nmnun\

(*readf)(VD SOURCE, tab src n, p dISC) 34R-

i1 f(r '=n) -~ This ;, the repnt eet

Dat e: ft . Seer s
.62 348& (@ 3. For a digital computer, the zmprovemengogsmagﬁgfn%SO

} 351 - : } 353 354

i f(tar) 355: a) first pr ;:ad'ﬁﬁé%s fBrtar (uchar*)tar+t; 356

tab.n tar = window <ijfn éedmining & rfd.m endt ardégend3Fi1acand
K I NI T(tab. quick,tab.recent,tab.rhere); 359:

i f (vdunfol d( &t ab) < G;)360produc1ng' a sequence ogotkpqgﬁggtzggf

|f(|tar &% tab.tar) 362 D3 é writef) (VD TARCET,(Vbidc
t*)Ytab.tar, (int)tab. Hh%‘é‘l’-'t?léﬁ%cﬁxe%’é’?d" concatendte if(p !+
tab.n3tar) 364 : £ir8et #10OREELn365: :

} 366 367 A} paztg of The SRS 569 370 done: 371:

i f(tab.talloc) 372-: B) partd I & (thied Bédmd. t£ide, 373

if(tab.s alloc) .
without access to the second file,

in order to replicate the second file

oy i 3 ns._com i om

sopied:
seco m W identifi i) a
assage in ¢ jcation. and (ii) =
location in the replication into which the
'als e is ¢ ied: an
ommand, wh i ontai tring ©
‘ d nd _§ £
eplicati into whi e
ba_placed.

4. The improvement according to claim 3, and further comprising
second program means for executing the sequence of instructions, for

replicating the second file.

L
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374

free((Void t*)tab.src); 375 376 : return t; 377:

}.
This is the replacenent sheet
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S
pr ogram neans f(%'r plr(r)]dﬁcfggpﬂ]g'[ruf:??olngg\%gyghnegltIiwi"”m”mt”m,umll on-of a

SG
second version of a binary file, based on a first ver &t of, wi t hout
access to the second version. wherein said instructions conprise

the foll ow ng

connq
S. oé;or saving a later version of a computer file,
comprising the following steps:

a) comparing the later version with an earlier version,

and identifying
i) similar pPassages of a first type, where

the later version is similar to the earlier
version, > _Dpassage on
where the later w ion re ts_othe
passages within the jlater version and
ii) 'Adifferance passages,  where the later
version is different from the earlier version;
- b) stoxring the address wharae each. similar passage of the
Lirst tvpe occurs in the earlier varsion,_and storing the
W ch simi
eccurs in the later version: and

C€) storing each difference passage, together with the

address of its occurrence in the later version.

6. A process of information replicatzon, comprising tha

following steps:
a) finding, at a first site;
i) similarities and |
ii) differences
betwean a first file and a second file:

b) ﬁaintaining, at a sécond.éite; a copy of the first
Lile;

This Sheet Has Been Rer
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a first COPY command, which identifies (i) a passage in the

first version. and (ii) a | ocat i n of the
second version into which the pas a
second COPY command, which identifies (|) a imllmﬂl m EE in -the
replication, and (ii) : | ocat3den in |nto whi ch
t he passage is to be copied; and an ADD commrand,
which (i) contains a string of characters and (ii). and

identifies a | ggati [ epl,i i on int mhlch a message
i ndi cated by tﬁg Stfl’)l nsmittltng l%‘e ?8@28"‘"‘9 aé’ ¢ RSFEPABLE® repl i cating a
second version of aipi rlmdaﬁ‘zldn% o!'htﬁé 5Sm OB MG 4,T OM @ Tirst version,

conprising the follow ng steps: a) creating a sequence of
i nstructions, some b¥) witeh differendesthammlweg . ofint extripeaga replication
of the second ver5|on and each or mhlch generates a character
sequence, which, . tisEee gllpghetersncashdospassads nversion; and
b) executing the i Ju iLons.
: e, W s de-
Sryption of the passages, and

iii) information to enable replication of the
second file, based on (¢) (i), (c)(ii), 2nd the

second file,

7. A method of updating an old version of a file into a new
veréion, comprising the following steps
a) receiving instructions which order one or more of the
following to occur :
i) copying a specified part of the o0ld version into a
specified location of the new version;
1i) copying a specified part of the new version into a
'specified location of the new version; and
iii) adding specified bytes to a specified location in the
new version; and
b) executing the instructions.

8. A system for generating data indicative of differences

between first and second versions of a file, comprising:
a) means for deriving a sequence comprising the

following instructicns:

i) a COPY instruction which orders that

‘This Sheet Has Been R

[l i e




3: For a digital conputer, the inprovement conpri si ng: a) first
ppogran1nean§ for i) exam ning a fITTﬁ‘Tﬁﬂ}—&—SeGOHd_LLle and

B) parts
second file,

i) produci ng a sequence of instructions |ch when
execut ed, concatenate : A) parts! o”"’w m W|th

of the second file, -35- to the
in order to replicate the second flle wher ei n said

instructions conpri se chiagat@eke8VhaJsEPIRBR Y copied fromd first COPY
command, which identifies (i) a- passage in the first version,

and (||) a

| oca)i on soutrde Yembical iianedthepetsecond

version into which the passage is to be copi ed: a
second COPY command, whi chfig&kt P¥isecend version, to  passage in the.

replication,

and (i ') a B) a destination location in the

second version; and _
ii) an ADD instruction which orders  that
specified characters be added to specified

locations in the second versien.

9. Improvement according to claim 1, wherein the string

associated with the ADD command comprises binary numbers cbtained

Dy EX-ORing (1) binary representations of data to be sent with (2)

Jpinary representations of text contained within the first version,

and the ADD command identifies the location of said text.

10. Process according to claim 6, wherein the de-cryption is

performed by EX-ORing each difference, in encrypted form, with cne

of said passages.

This is the ropfmrhant sheet
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| ocat ionin the replication into whi gh \me - 0 Bees midot openg o1 (0 pagod =
IR B TORRY 7o "2 1 oceti'on & Cieimn t:aged 4. o pageai
) & Dstving () : paged .m4to Paged .7

copi ed; and
characters an _
replication into Wihith Thef string is to

LACEMENT SHERGS  SG

i mprovenent according to claim3, and fuycther congrilsAbstractecopdged.ogtapaged ..

means for
second fil e.

Ut i ng the sequence of in ctions, [for replicating 2

5. A nethod or sgvipgre opteicresr

0 ABR 1999

frrevarescisnane

conputer file, 1.comn aStgphbgrf Ao : a)y - Conpartag—t
later version with an earl |per vers%%n‘,&ﬁggggﬁdc?%%ﬂﬁhﬁhg
simlar passages ofPragfar siednp@or\PLéfucing instructions which allow

2z

> b. ’ - >
replication of a secend varsion of a binary file, baseq

on a first version, without access to the secaond version,

wherein said instructions comprise the following

2.

~

version inte which the passage is ‘to be
vied:

a_second CORY command, which :anﬁigigs (3) a

h eplication o W h
passage is to be copied: and
W i) contains fe)
cgagactg;s ang ¢34y, and ;ggn;izigs a lgsggion
j e W a

indicgtgg by the string is to be placed

e 0

A method of replicating a second version of-a binary file,

which is derived from a first version, comprising-ihe following

steps:

a)

creating a sequence of instructions, of wh

require copving of text from a replication of the second

Yexsion., and each of which generates a character

sequence, which, when concatenateq, replicate the second

version; and

b) executing the instructions.



the later version is simlar to the earlier : version, and simlar

passages of a second type, where the |ater version repeats other
passages Wi t SI on and | i) di ff erence passages,
where the I ILJH‘""“I[I rsion is different fromthe earlier version;

b) storing ness ere each sim| passage of the first type
occurs in the earlier version and storihg-the address where each

sim |l ar passage of t he second type occurs in the |ater version; and

c) 'storing eac ?ference assage, together with the address of its
occurrence in gF et @%ﬁ $2n Computers the\ inmxsowment comprimingn
replication, rrp | |_ow st eps: a) finding, at a first
site, S? E%lé%r?g%%?aeé%aﬁﬁs #dr ii) differences bet ween

afirst file and a spcomla;ii,{ﬁ,g a £irbl afR PMANH0£;3L gogec0nd site, a
copy of the first
11) _produc:.ng a sequence of instructions

which, when executed, concatenate
A) parts of the first file with
B) parts of the second filae,

i

without access to the second file,
in order to replicate the second file

W ns com i com H

seco D Omm W identifi i) a

Passage in the replication. and  (ii) 2

assa s t ed:
ommand, w contains tring o
d nd_i cat
e i w e s
be _placed.

4. The improvement according to claim 3, and further comprising
second program mean_s for executing the sequence of instructions, for

replicating the second file.



70 c) transmtting the followng to the second site: : 1)

|ocations of the simlarities,: i1) the differences thenselves, in
ehcrypted form—together with references to passages in

the second fj ' abl e for de- cryption of the
passages, am!'mlmr!““!ml [Tl“tl nformat i Onggt O enabl e replication of the
second file, s LOMM (CG) (+), (c) (ii)s—and the second file.

7. A nmethod of updating an old version of a file into a new version,
conprising the foll ow ng steps a) receiving instructions which order
one or nore of the follow ng to occur : 1) copying a
specified partsof She ddversion into a specified | ocation of the
new ver si on; . ReLnpd. 85y FRY 1ATs BedREREIVRESLOBT Ofhe FomPUSeEi §Alent o
a cobPREh LA del O Al 19y WRg DEW Version; and

a) comparing the later version with an earlier version,

and identifying -
i) similar Passages of a_ first tvve, where

- the later version is similar to the earlier

varsion, > _passage (=]}

wh the later version repe ‘othe

passages within the later version and

ii) differance passages, where the later

g

version is different from the earlier version;
b) storing the address where each similar passage of the
2irst tvpe occurs in the earlier varsion.and storing the
eccurs in the later version: and

¢) storing each difference passage, together with the

address of its occurrence in the later version.

6. A process of information replication, comprising tha
following steps: ' '

a) finding, at a first site,
i) similarities ang
ii) differences
between a first file and a second file;

b) maintaining, at a second. site, a copy of the first
tile;



|||) addi ng speC|f|ed bytes to a specified location in the new
version; and- by—executing the instructions. 8. A systemfor

génerating d dlfferences bet ween first and second
versi ons of mmﬁ “i% sH Ig means for deriving a sequence
conpri sing ng |nstru9b|ons 1) a CoPY

I nstruction which orders that : ' 71
characters be selectively copied from _ A) a source |location
in either the first or second version, to
B) a destination_location in the second version; and
ii) an ADD {Sist FEePsBAttinG ithe doldowiay to the sacorfideflitd ed char act ers
be added to speC|fh§d loc | ocations in the second version.

ations of the similarities,

ii) the differences themselves, in encrypted

toget With rafe e assadge
the . ile, w e _usabl or _de-
cryvption of the passages, and
- iii) information to enable replication of the

second file, based on (e) (i), (<o) (ii), and the

-second file.

7. A method of updating an old version of a file into a new
version, comprising the following steps
a) receiving instructions which order one or more of the
following to occur :
i) copying a specified part of the old version into a
specified location of the new version;
ii) copying a specified part of the new version into a
specified location of the new version; and
iii) adding specified bytes to a specified location in the
new version; and
b) executing the instructions. ’

8. A system for generating data jindicative of differences

between first ang sSecond versions of a file, comprising:
a) means for deriving a sequence comprising the

following instructions:

i) 4 COPY instruction which orders that



-

9. | nprovement—according—te—elaim1l, wherein the string associated with

the ADD co s bi nary nunbers obt ai ned by EX-ORing (1) binary
represent ati ﬂ IlEmﬁ Ill)"uﬁ sent with.(2) binary representations of text

cont ai ned WI I‘SI on, and the ADD conmand identifies the
| ocation of sai d t ext. Procggs according to claim®6, wherein
the de-cryption is perforned by EX-CRl ng—each difference, in encrypted

form with one -of shattapRa¥8JB8 selectively copied from
A) a source location in either the
first or second version, to
B) a destination lecation in the
second version; and
ii) an ADD instruction which orders that
specified characters be .added to specified

locations in the second version.

S. Improvement according to claim 1, wherein the string

associated with the ADD command comprises binary numbers cbtained
by EX-ORing (1) binary representations of data to be sent with (2)

binary representations. of text contained within the first version,

and -tha ADD command identifi.e_s the location of said text.

10. Process according to claim 6, wherein the de-cryption is

performed by EX-ORing each difference, in encrypted form, with one

of saidgg;ssages.




