| EN 137 Danny Cohen
usdadl S
1 April 1980

ON HOLY WARS AND A PLEA FCOR PEACE

| NTRODUCTI ON
This is an attenpt to stop a war. | hope it is not too |late and that
somehow, nmgi cally perhaps, peace will prevail again.
The | ateconmers into the arena believe that the issue is: "Wat is the

proper byte order in nessages?"

The root of the conflict |ies nmuch deeper than that. It is the question
of which bit should travel first, the bit fromthe little end of the
word, or the bit fromthe big end of the word? The followers of the
former approach are called the Little-Endians, and the followers of the
latter are called the Big-Endians. The details of the holy war between
the Little-Endians and the Big-Endians are docunented in [6] and
described, in brief, in the Appendix. | recomrend that you read it at
this point.

The above question arises from the serialization process which is
performed on nessages in order to send themthrough conmuni cation nmedi a.
If the communication unit is a nessage - these problens have no neaning.
If the units are conputer "words" then one may ask in which order these
words are sent, what is their size, but not in which order the elenments

of these words are sent, since they are sent virtually "at-once". | f
the unit of transmission is an 8-bit byte, simlar questions about bytes
are neaningful, but not the order of the elenentary particles which

constitute these bytes.

If the units of communication are bits, the "atons" ("quarks"?) of
conputation, then the only neaningful question is the order in which
bits are sent.

oviously, this is actually the case for serial transm ssion. Most
nodern conmunication is based on a single stream of information
("bit-streant). Hence, bits, rather than bytes or words, are the units
of information which are actually transmtted over the communi cation
channel s such as wires and satellite connections.

Even though a great deal of effort, in both hardware and software, is
dedicated to giving the appearance of byte or word communication, the
basic fact remains: bits are conmuni cat ed.

Conput er nenmory may be viewed as a linear sequence of bits, divided into
bytes, words, pages and so on. Each unit is a subunit of the next
level. This is, obviously, a hierarchical organization

O

If the order 1is consistent, then such a sequence may be conmuni cated
successfully while both parties nmaintain their freedomto treat the bits
as a set of groups of any arbitrary size. One party nay treat a nessage
as a "page", another as so many "words", or so nany "bytes" or so nany

http://www.networksorcery.com/enp/ien/ien137.txt

Page 1 of 14

2/2/2004



bits. If a consistent bit order is used, the "chunk-size" is of no
consequence.

If an inconsistent bit order is used, the chunk size nust be understood
and agreed wupon by all parties. W wll denbnstrate sone popul ar but
i nconsi stent orders |ater

In a consistent order, the bit-order, the byte-order, the word-order
the page-order, and all the other higher |level orders are all the sane.
Hence, when considering a serial bit-stream along a comrmunication |I|ine
for exanple, the "chunk" size which the originator of that streamhas in
mnd is not inportant.

There are two possible consistent orders. One is starting with the
narrow end of each word (aka "LSB') as the Little-Endians do, or
starting with the wide end (aka "MSB") as their rivals, the Big-Endi ans,
do.

In this note we usually use the follow ng sanple nunbers: a "word" is a
32-bit quantity and is designated by a "W, and a "byte" is an 8-bit
quantity which is designated by a "C' (for "Character", not to be
confused with "B" for "Bit)".

MEMORY ORDER

The first word in nmenory is designated as W), by both regines.
Unfortunately, the harnmony goes no further

The Littl e-Endians assign BO to the LSB of the words and B31 is the MSB
The Bi g- Endi ans do just the opposite, BO is the MSB and B31 is the LSB

By the way, if nmathematicians had their way, every sequence woul d be
nunbered from ZERO up, not from ONE, as is traditionally done. If so,
the first itemwould be called the "zeroth"...

Since nobst conputers are not built by mathematicians, it is no wonder
that sonme conputers designate bits from Bl to B32, in either the
Little-Endians' or the Big-Endians' order. These people probably would
like to nunber their words fromW up, just to be consistent.

Back to the main thenme. W would like to illustrate the hierarchically
consistent order graphically, but first we have to decide about the
order in which conputer words are witten on paper. Do they go from
left toright, or fromright to left?

O
The English | anguage, |ike nbst nbdern | anguages, suggests that we |I|ay
t hese conmputer words on paper fromleft to right, like this:

| ---wordO---]|---wordl---|---word2---|....
In order to be consistent, BO should be to the left of B31. |If the
bytes in a word are designated as CO through C3 then CO is also to the
left of C3. Hence we get:

|---word0---|---wordl---|---word2---|....
| 00, C1, 2, C3| €0, C1, C2, C3| €D, C1, C2, C3] . . . . .
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If we also use the traditional convention, as introduced by our
nunbering system the wide-end is on the left and the narrowend is on
the right.

Hence, the above is a perfectly consistent view of the world as depicted
by the Big-Endians. Si gni ficance consistency decreases as the item
nunbers (address) increases.

Many conputers share with the Big-Endians this view about order. In
many of their diagrans the registers are connected such that when the
word Wn) is shifted right, its LSB noves into the MSB of word Wn+1).

English text strings are stored in the sanme order, wth the first
character in CO of W), the next in Cl of W), and so on

This order is very consistent with itself and with the English | anguage.

On the other hand, the Little-Endians have their view, whichis
different but al so self-consistent.

They believe that one should start with the narrow end of every word,
and that Ilow addresses are of Ilower order than high addresses.
Therefore they put their words on paper as if they were witten in
Hebrew, |ike this:

.| ---word2---|---wordl---|---wordO---|
When they add the bit order and the byte order they get:

.. ]---word2---|---wordi---|---wordo---|
....|c3, 2, cL, 00| C3, C2, CL, 00| C3, C2, CL, CO|
..... | B31......BO|B31......B0|B31......BO|

In this regine, when word Wn) is shifted right, its LSB noves into the
MSB of word Wn-1).
O

English text strings are stored in the sanme order, with the first
character in CO of W), the next in Cl of W), and so on

This order is very consistent with itself, with the Hebrew | anguage, and
(nore inportantly) with mathematics, because significance increases with
i ncreasing itemnunbers (address).

It has the di sadvantage that English character streans appear to be
witten backwards; this is only an aesthetic problembut, adnittedly, it
| ooks funny, especially to speakers of English

In order to avoid receiving strange coments about this orders the
Littl e-Endi ans pretend that they are Chinese, and wite the bytes, not
right-to-left but top-to-bottom Iike:

co: "J"
ci. "O
c2: "H
G "N
..etc..
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Note that there is absolutely no specific significance whatsoever to the

notion of "left" and "right" in bit order in a conputer nenory. One
could think about it as "up" and "down" for exanple, or mrror it by
systematically interchanging all the "left"s and "right"s. However,

this notion stens from the concept that conputer words represent
nunbers, and fromthe old mathematical tradition that the wi de-end of a
nunber (aka the MSB) is called "left" and the narrowend of a nunber is
called "right".

This mathematical convention is the point of reference for the notion of
"left" and "right".

It is easy to determ ne whether any given conmputer system was designed
by Littl e-Endians or by Big-Endians. This is done by watching the way
the registers are connected for the "COVBI NED- SH FT" operation and for
nmul tiple-precision arithnmetic like integer products; also by watching
how these quantities are stored in nenory; and obviously also by the
order in which bytes are stored within words. Don't let the BO-to-B31

direction fool you!! Mst computers were designed by Bi g- Endi ans, who
under the threat of crimnal prosecution pretended to be Little-Endians,
rather than seeking exile in Blefuscu. They did it by wusing the

BO-t 0- B31 conventi on of t he Littl e-Endians, while keeping the
Bi g- Endi ans' conventions for bytes and words.

The PDP10 and the 360, for exanple, were designed by Big-Endians: their
bit order, byte-order, word-order and page-order are the sanme. The sane
order also applies to long (multi-wrd) character strings and to
mul ti pl e precision nunbers.

O

Next, let's consider the new M68000 mi croprocessor. |Its way of storing
a 32-bit nunmber, xy, a 16-bit number, z, and the string "JOHN' in its
16-bit words is shown below (S = sign bit, M= MSB, L = LSB)

SMKXXXXXX YYyyyyyyyL SMezzzzzL "J" "O "H "N

| --wordO--|--wordl--|--word2--|--word3--|--word4--|....

| -CO0-]-Cl-]-C0-|-Cl-|-CO-]-Cl-]-C0-|-C1-|-CO-|-CL-].....
| B15....B0| B15....B0| B15....B0| B15....B0O| B15....B0|......

The M8000 always has on the left (i.e., LONER byte- or word-address)
the wi de-end of nunmbers in any of the various sizes which it may use: 4
(BCD), 8, 16 or 32 bits.

Hence, the Ms8000 is a consistent Big-Endian, except for its bit
designation, which is used to camouflage its true identity. Renmenber:
t he Bi g- Endi ans were the outl aws.

Let's |ook next at the PDP1l1 order, since this is the first conputer to
claimto be a Little-Endian. Let's again |ook at the way data is stored
in menory:

"N "H' "O' "J" SMezzzzzL SMyyyyyyL SMkxxxxxL
c...]--word4--|--word3--|--word2--|--wordl--|--wordO-- |
..... | -Cl-]-C0-|-Cl-|-C0-|-Cl-|-C0-|-C1-|-CO-|-C1-]|-CO-|
...... | B15. ... B0O| B15....B0O| B15. ... BO| B15. ... BO| B15. . .. BO|

The PDP11 does not have an instruction to nove 32-bit nunbers. Its

mul tiplication products are 32-bit quantities created only in the
registers, and my be stored in nenory in any way. Therefore, the
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32-bit quantity, xy, was not shown in the above di agram

Hence, the above order is a Little-Endians' consistent order. The PDPl11
al ways stores on the left (i.e., HGHER bit- or byte-address) the
wi de-end of nunbers of any of the sizes which it may use: 8 or 16 bits.

However, due to sone infiltration fromthe other canp, the registers of
this Little-Endian's marvel are treated in the Big-Endians' way: a
double length operand (32-bit) is placed with its MSB in the |ower
address register and the LSB in the higher address register. Hence,
when depicted on paper, the registers have to be put fromleft to right,
with the wide end of numbers in the LOAER-address register. This
affects the integer nultiplication and division, the conbined-shifts and
nore. Admittedly, Blefuscu scores on this one.

Later, floating-point hardware was introduced for the PDPl1/45.

Fl oati ng-point nunbers are represented by either 32- or 64- bi t
gquantities, which are 2 or 4 PDP11 words. The wide end is the one with
the sign bit(s), the exponent and the MSB of the fraction. The narrow
end is the one with the LSB of the fraction. On paper these fornats are
clearly shown with the wide end on the left and the narrow on the right,
according to the centuries old mathematical conventions. On page 12-3
O

of the PDP11/45 processor handbook, [3], there is a cute graphica
denonstration of this order, with the word "FRACTION' split over all the
2 or the 4 words which are used to store it.

However, due to sone oversights in the security screening process, the
Bl efuscui ans took over, again. They assigned, as they always do, the
wide end to the LOMr addresses in nmenory, and the narrow to the H GHer
addr esses.

Let "xy" and "abcd" be 32- and 64-bit floating-point nunbers,
respectively. Let's |ook how these nunbers are stored in nmenory:

ddddddddL ccccccccec bbbbbbbbb SMaaaaaaa yyyyyyyyL SMKXXXXXX
c...]--word5--|--word4--|--word3--|--word2--|--wordl--|--wordoO--
..... | -Cl-]-CO0-|-Cl1-|-C0-]-Cl-|-C0-|-C1l-|-CO-|-Cl1l-|-CO-|-C1-|-CO-|
...... | B15....BO| B15....B0| B15. ... BO| B15. ... BO| B15. ... BO| B15. . . . BO|

Vel |, Blefuscu scores many points for this. The above reference in [3]
does not even try to canouflage it by any Chinese notation

Encouraged by this success, as ninor as it is, the Blefuscuians tried to
pul | another fast one. This tinme it was on the VAX, the sacred nachine
which all the Little-Endi ans worshi p.

Let's |l ook at the VAX order. Again, we |look at the way the above data
(with xy being a 32-bit integer) is stored in nenory:

"N "H' "O' "J" SMzzzzzzL SMKXXXXXX YYYYYyyyL
.ng2------- [------- | ongl------- [------- | ong0-------
c...]--word4--|--word3--|--word2--|--wordl--|--wordO-- |
..... |-C1-]-C0-|-Cl-|-C0-|-C1-]|-C0-|-Cl1-|-CO-|-C1-]-CO-|
...... | B15. ... B0| B15....B0O| B15. ... BO| B15. ... BO| B15. . .. BO|

What a beautifully consistent Little-Endians' order this is !!
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So, what about the infiltrators? Did they conpletely fail in carrying
out their mssion? Since the integer arithmetic was closely guarded
they attacked the floating point and the double-floating which were
al ready known to be easy prey.

O

Let's look, again, at the way the above data is stored, except that now
the 32-bit quantity xy is a floating point nunmber: now this data is
organi zed in menory in the follow ng Bl ef uscui an way:

"N "H "0 "J" SMzzzzzzL yyyyyyyyL SMKXXXXXX
.ng2------- [------- | ongl------- [------- | ong0-------
c...]--word4--|--word3--|--word2--|--wordl--|--wordO-- |
..... |-Cl-]-C0-]-Cl-|-C0-|-Cl-]-C0-]|-Cl-|-CO-|-C1-]-CO-|
...... | B15. ... B0| B15....B0O| B15. ... BO| B15. ... B0O| B15. . .. BO|

Bl efuscu scores again. The VAX is found guilty, however with the
explanation that it tries to be conpatible with the PDP11.

Havi ng found t hensel ves there, the VAXians found a way around this
unaest hetic appearance: the VAX literature (e.g., p. 10 of [4])
describes this order by using the Chinese top-to-bottom notation, rather
than an enbarrassing left-to-right or right-to-left one. This page is a
marvel. One has to admire the skillful way in which sonme quantities are
shown in colums 8-bit wi de, some in 16 and other in 32, all in order to
avoi d the egg-on-the-face problem....

By the way, some engi neering-type people conplain about the "Chinese"
(vertical) notation because usually the top (aka "up") of the diagrans
corresponds to "low'-nenory (low addresses). However, anyone who was
brought up by conputer scientists, rather than by botanists, knows that
trees grow downward, having their roots at the top of the page and their
| eaves down bel ow. Conputer scientists seldomrenenber which way "up"
really is (see 2.3 of [5], pp. 305-309).

Havi ng scor ed so easily in the floating point departnment, the
Bl ef uscui ans noved to new territories: Packed-Decinmal. The VAXis also
capabl e of using 4-bit-chunk decimal arithmetic, which is simlar to the
wel | known BCD format.

The Big-Endians struck again, and wi thout any resistance got their way.
The deci mal nunber 12345678 is stored in the VAX nenory in this order:

78 56 34 12
..... | - Cl-| - CO-| - Cl-| - CO-|
...... | B15. ... BO| B15. . . . BO|

Thi s ugliness cannot be hi dden even by the standard Chinese trick
O

SUMVARY (of the Menmory-Order section)

To the best of ny know edge only the Bi g- Endi ans of Bl efuscu have built
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systems with a consistent order which works across chunk-boundaries,
registers, i nstructions and menori es. I failed to find a
Littl e- Endi ans' systemwhich is totally consistent.

TRANSM SSI ON ORDER

In either of the consistent orders the first bit (B0) of the first byte
(CO0) of the first word (W) is sent first, then the rest of the bits of
this byte, then (in the same order) the rest of the bytes of this word,
and so on.

Such a sequence of 8 32-bit words, for exanple, may be viewed as either
4 |1 ong-words, 8 words, 32 bytes or 256 bits.

For exanple, sone people treat the ARPA-internet-datagrams as a sequence
of 16-bit words whereas others treat themas either 8-bit byte streans
or sequences of 32-bit words. This has never been a source of
confusi on, because the Bi g- Endi ans' consi stent order has been assuned.

There are many ways to devi se inconsistent orders. The two nost popul ar
ones are the following and its mrror inmage. Under this order the first
bit to be sent is the LEAST significant bit (B0) of the MOST significant
byte (CO) of the first word, followed by the rest of the bits of this
byte, then the sane right-to-left bit order inside the left-to-right
byte order.

Figure 1 shows the transmission order for the 4 orders which were
di scussed above, the 2 consistent and the 2 inconsistent ones.

Those who use such an inconsistent order (or any other), and only those,
have to be concerned with the fanous byte-order problem [|f they can
pretend that their conmunication nediumis really a byte-oriented |I|ink
then this inconsistency can be safely hidden under the rug.

A few years ago 8-bit nicroprocessors appeared and changed drastically
the way we do business. A fewyears later a wde variety of 8-bit
conmuni cati on hardware (e.g., Z80-SIO and 2652) followed, all of which
operate in the Little-Endians' order.

O

Now a wave of 16-bit mcroprocessors has arrived. It is not
i nconcei vabl e that 16-bit comruni cation hardware will becone a reality
rel atively soon.

Since the 16-bit communication gear will be provided by the sane fol ks
who brought us the 8-bit communication gear, it is safe to expect these
two nodes to be conpatible with each other

The only way to achieve this is by using the consistent Little-Endians
order, since all the existing gear is already in Little-Endians order

We have al ready observed that the Little-Endi ans do not have consistent
menory orders for intra-conputer organization

IF the 16-bit conmmunication |ink could be nade to operate in any order
consi stent or not, which would give it the appearance of being a byte-
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oriented |link, THEN the Big-Endi ans coul d push (ask? hope? pray?) for an
order which transmts the bytes in left-to-right (i.e., wide-end first)
and use that as a basis for transnmitting all quantities (except BCD) in
the nore convenient Big-Endians format, wth the nost significant
portions leading the least significant, nmintaining conpatibility
bet ween 16- and 32-bit communi cati on, and nore.

However, this is a big "IF".

Wuldn't it be nice if we could encapsul ate the byte-communication and
forget all about the idiosyncrasies of the past, introduced by RS232 and
TELEX, of sending the narrowend first?

| believe that it would be nice, but nice things do not necessarily
occur, especially if there is so nuch silicon against them

Hence, our choice now is between (1) Big-Endians' conputer-conveni ence
and (2) future conpatibility between comunication gear of different
chunk si ze.

| believe that this is the question, and we shoul d address it as such

Short term conveni ence considerations are in favor of the forner, and
the long termones are in favor of the latter.

Since the war between the Little-Endians and the Big-Endians is
immnent, let's count who is in whose canp.

The founders of the Little-Endians party are RS232 and TELEX, who stated
that the narrowend is sent first. So do the HDLC and the SDLC
protocols, the Z80-SIO Signetics-2652, Intel-8251, Mtorola-6850 and
all the rest of the existing conmunication devices. |In addition to
t hese protocols and chips the PDP1lls and the VAXes have already pledged
their allegiance to this canp, and deserve to be on this roster

O 1

The HDLC protocol is a full fledged nmenber of this canp because it sends
all of its fields with the narrow end first, as is specifically defined
in Table 1/ X. 25 (Frane fornmats) in section 2.2.1 of Reconmendation X 25
(see [2]). A close exanmination of this table reveals that the bit order
of transmission is always 1-to-8. Al ways, except the FCS (checksun
field, which is the only 16-bit quantity in the byte-oriented protocol

The FCS is sent in the 16-to-1 order. How did the Blefuscuians manage
to pull off such a fiasco?! The answer is beyond ne. Anyway, anyone
who designates bits as 1-to-8 (instead of 0-to-7) nmust be gullible to
such tricks.

The Bi g- Endi ans have the PDP10's, 370's, ALTO s and Dorado's..

An interesting creature is the ARPANet-1MP. The docunentation of its
standard host interface (aka "LH DH') states that "The high order bit of
each word is transmtted first" (p. 4-4 of [1]), hence, it is a
Bi g- Endi an. This is very convenient, and causes no confusi on between
di agrams which are either 32- (e.g., on p. 3-25) and 16-bit wide (e.g.
on p. 5-14).

However, the IMP's Very Distant Host (VDH) interface is a Little-Endi an

The same docunent ([1], again, p. F-18), states that the data "nust
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consi st of an even nunber of 8-bit bytes. Further, considering each pair
of bytes as a 16-bit word, the less significant (right) byte is sent
first".

In order to nmake this even nore clear, p. F-23 states "All bytes (data
bytes too) are transmitted least significant (rightnost) bit first".

Hence, both canps may claimto have this schizophrenic double-agent in
t heir canp.

Note that the Lilliputians' canp includes all the who' s-who of the
conmuni cati on world, unlike the Bl efuscuians' canp which is very nuch
oriented toward the conputing world.

Both canmps have already adopted the slogan "We'd rather fight than
switch!".

| believe they nean it.
O 1

SUMVARY (of the Transm ssion-Order section)
There are two canps each with its own | anguage. These | anguages are as
conpati ble with each other as any Senmitic and Latin | anguages are.
Al'l Big-Endians can talk to each other with relative ease.

So can all the Little-Endians, even though there are some differences
anmong the dialects used by different tribes.

There is no mddle ground. Only one end can go first.

CONCLUSI ON

Each canmp tries to convert the other. Like all the religious wars of
the past, logic is not the decisive tool. Power is. This holy war is
not the first one, and probably will not be the |ast one either

The "Be reasonable, do it ny way" approach does not work. Neither does
t he Esperanto approach of "let's all switch to yet a new | anguage"

Qur comuni cation world may split according to the |anguage used. A
certain book (which is NOTI nmentioned in the references list) has an
interesting story about a sinilar phenonenon, the Tower of Babel

Little-Endians are Littl e-Endi ans and Bi g- Endi ans are Big-Endians and
never the twain shall neet.

W would like to see sone Gulliver standing up between the two islands,

forcing a unified conmunication regine on all of us. | do hope that ny
way wll be chosen, but | believe that, after all, which way is chosen
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does not nake too nmuch difference. It is nore inportant to agree upon
an order than which order is agreed upon

How about tossing a coin ???

O 1
time time
| |
\ | | /
\ | | /
\ | | /
\ | | /
\ | | /
\ | | /
\ | | /
\ | | /
\ | | /
\ | | /
\ | | /
\ | | /
\ | | /
\ | | /
| |/

\ | /
<-MBB--------------- LSB- -MBB------ - LSB- >
order (1) | | order (2)
tinme time
| |
/ | | \
/ | | \
/ | | \

/ | | \

/ | | \

/ | | \

/ | | \

/ | | \

/ | | \

/ | | \

/ | | \

/ | | \

/ | | \

/ | | \

/| | \

T [\
<-MBB-------------- LSB- -MBB-------e - LSB- >
order (3) | | order (4)

Figure 1. Possible orders, consistent: (1)+(2), inconsistent: (3)+(4).
O 1

APPENDI X
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Sonme notes on Swift's Gulliver's Travels:

Qulliver finds out that there is a law, proclained by the grandfather of
the present ruler, requiring all citizens of Lilliput to break their
eggs only at the little ends. O course, all those citizens who broke
their eggs at the big ends were angered by the proclamation. Civil war
br oke out between the Little-Endians and the Big-Endians, resulting in
the Big-Endians taking refuge on a nearby island, the kingdom of
Bl ef uscu.

Using Gulliver's unquestioning point of view, Swift satirizes religious
war s. For 11,000 Lilliputian rebels to die over a controversy as
trivial as at which end eggs have to be broken seens not only cruel but
al so absurd, since Qulliver is sufficiently gullible to believe in the
significance of the egg question. The controversy is inportant
ethically and politically for the Lilliputians. The reader may think
the issue is silly, but he should consider what Swift is making fun of
the actual causes of religious- or holy-wars.

In political terms, Lilliput represents England and Bl ef uscu France.
The religious controversy over egg-breaking parallels the struggle
between the Protestant Church of England and the Catholic Church of
France, possibly referring to sone differences about what the Sacranents
really nean. More specifically, the quarrel about egg-breaking nmay
allude to the different ways that the Anglican and Catholic Churches
di stri bute communi on, bread and wine for the Anglican, but bread alone
for the Catholic. The French and English struggl ed over nore mundane
questions as well, but in this part of Gulliver's Travels, Swift points
up the synbolic difference between the churches to ridicule any
religious war.

For ease of reference please note that Lilliput and Little-Endians
both start with an "L", and that both Bl efuscu and Bi g- Endi ans start
with a "B". This is handy while reading this note.

O 1
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OTHER SLI GHTLY RELATED TOPI CS (I F AT ALL)

not necessarily for inclusion in this note

Who's on first? Zero or One ??

People start <counting from the nunber ONE. The very word FIRST is
abbreviated into the synmbol "1st" which indicates ONE, but this is a
very nodern notation. The older notions do not necessarily support this
rel ati onshi p.

In English and French - the word "first" is not derived fromthe word
"one" but froman old word for "prince" (which means "forenpst").

Simlarly, the English word "second" is not derived fromthe nunber
"two" but froman old word which neans "to follow'. Cbviously there is
an close relation between "third" and "three", "fourth" and "four" and
so on.

Simlarly, in Hebrew, for exanple, the word "first" is derived from the
word "head", nmeaning "the forenost", but not specifically No. 1. The
Hebrew word for "second" is specifically derived from the word "two".
The sane for three, four and all the other nunbers.

However, people have,for a very long time, counted fromthe nunber One,
not fromZero. As a matter of fact, the inclusion of Zero as a
full-fledged nenber of the set of all nunbers is a relatively nodern
concept .

Zero is one of the nobst inportant nunbers mathematically. It has nmany
i mportant properties, such as being a multiple of any integer

A nice nmathematical theorem states that for any basis, b, the first b"N
(b to the Nth power) positive integers are represented by exactly N
digits (leading zeros included). This is true if and only if the count
starts with Zero (hence, 0 through bA"N-1), not with One (for 1 through

bAN) .

This theoremis the basis of computer menory addressing. Typically, 2N
cells are addressed by an N-bit addressing scheme. Starting the count
from One, rather than Zero, would cause either the loss of one nenory
cell, or an additional address |Iine. Since either price is too
expensi ve, computer engineers agree to use the mathematical notation of
starting with Zero. Good for them

The designers of the 1401 were probably ashaned to have address-0 and
hid it fromthe users, pretending that the nmenory started at address-1
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This is probably the reason that all menories start at address-0, even
t hose of systens which count bits from Bl up

Conmuni cati on engi neers, |ike nost "normal" people, start counting from
the nunber One. They never suffer by having to lose a nmenory cell, for
exanpl e. Therefore, they are happily counting 1-to-8, and not 0-to-7 as
conput er people learn to do

ORDER OF NUMBERS

In English, we wite nunbers in Big-Endians' left-to-right order. |
believe that this is because we SAY nunbers in the Big-Endians' order
and because we WRI TE English in Left-to-right order.

Mat hematically there is a lot to be said for the Little-Endi ans' order.

Serial conparators and dividers prefer the forner. Serial adders and
multipliers prefer the latter order

VWhen was the comon Bi g- Endi ans order adopted by npst nodern | anguages?

In the Bible, nunbers are described in words (like "seven") not by
digits (like "7") which were "invented" nearly a thousand vyears after
the Bible was witten. In the old Hebrew Bible many nunbers are
expressed in the Little-Endians order (like "Seven and Twenty and
Hundred") but nmany are in the Big-Endians order as well.

VWhenever the Bible is translated into English the contenporary English
order is used. For exanple, the above nunber appears in that order in
the Hebrew source of The Book of Esther (1:1). |In the King Janes
Version it is (in English) "Hundred and Seven and Twenty". In the
nodern Revised Anerican Standard Version of the Bible this nunber is
simply "One Hundred and Twenty- Seven".

| NTECERS vs. FRACTI ONS

Conput er designers treat fix-point nultiplication in one of two ways, as
an integer-multiplication or as a fractional-nmultiplication

The reason is that when two 16-bit nunbers, for exanple, are nultiplied,

the result is a 31-bit nunber in a 32-bit field. Integers are right
justified; fractions are left justified. The entire difference is only
a single 1-bit shift. As small as it is, this is an inportant

di fference.

Hence, conput ers are wi red differently for t hese ki nds of
mul tiplications. The addition/subtraction operation is the sane for
either integer/fraction operation

O 1

If the LSB is BO then the value of a nunber is SIGVA<B(i)*[(2)"i]>,
for i=0,15, in the above exanple. This is, obviously, an integer.

If the MSB is BO then the value of a nunber is SIGVA<B(i)*[(1/2)"i]>,
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for i=0,15. This is, obviously, a fraction.

Hence, after nultiplication the Integerites would typically keep BO-B15,
the LSH (Least Significant Half), and discard the MsH, after verifying
that there is no overflowinto it. The Fractionites would also keep
BO- B15, which is the MSH, and discard the LSH

One could expect Integerites to be Little-Endians, and Fractionites to
be Big-Endians. | do not believe that the world is that consistent.

SWFT's PO NT

It nmay be interesting to notice that the point which Jonathan Swift
tried to convey in Qilliver's Travels in exactly the opposite of the
point of this note.

Swift's point is that the difference between breaking the egg at the
little-end and breaking it at the big-end is trivial. Therefore, he
suggests, that everyone does it in his own preferred way.

We agree that the difference between sending eggs with the Ilittle- or
the big-end first is trivial, but we insist that everyone nmust do it in
the sane way, to avoid anarchy. Since the difference is trivial we may
choose either way, but a decision nmust be nade.
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