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T0:; ALTO ALOHA DISTRIBUTION
FROM:  Bom Mevcalre
SURJECT: ETHER ACQUISITION

HERE 1S MORE ROUGH STUFF ON THE ALTO ALCHA NETWORK.

1 PROPOSE WE STOP CALLING THIS THING “THE ALTo ALDHA NETORK” s
FIRST, BECAUSE IT SHOULD SUPPORT ANY NUMBER OF DIFFERENT KINDS
oF STATION — SAY, NOVA, POP-11, .......  SECOND, BECAUSE
THE ORGANIZATION IS BEGINNING TO LOOK VERY MUCH MORE BEAUTIFUL
THaN THE ALOHA RADIO NETWORK — TO USE CHARLES'S "BEAUTIFUL".
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1 HOPE YOU WILL NOT BE OFFENDED BY MY ATTEMPTS TO MAKE THIS

THINKING AND DESIGN APPEAR THEORETICAL.
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WE PLAN TO BUILD A SO-CALLED BROADCAST COMPUTER COMMUNICATION
VA

NETVORK, NOT UNLIKE THE ALOHA SYSTEM'S RADIO NETWORK, BUT
SPECIFICALLY FOR IN-BUILDING MINICOMPUTER COMMUNICATION.

We THINK IN TERMS oF NOVA’s anD ALTO'S JOINED BY COAXIAL CABLES.

WHILE WE MAY END UP USING COAXIAL CABLE TREES TO CARRY OUR

BROADCAST TRANSMISSIONS, IT SEEMS WISE TO TALK IN TERMS OF

AN ETHER, RATHER THAN 'THE CABLE', FOR AS LONG AS POSSIBLE.

THIS WILL KEEP THINGS GENERAL AND YHO KNOWS WHAT OTHER MEDIA

WILL PROVE BETTER THAN CABLE FOR A BROADCAST NETWORK; MAYBE

RADIO OR TELEPHONE CIRCUITS, OR POWER WIRING OR FREQUENCY-MULTI-PLEXED
CATV, OR MICROAVE ENVIRONENTS, OR EVEN COMBINATIONS THEREOF,

THE ESSENTIAL FEATURE OF OUR MEDIUM == THE ETHER — IS THAT IT
CARRIES TRANSMISSIONS, PROPAGATES BITS TO ALL STATIONS,

WE ARE TO INVESTIGATE THE APPLICABILITY OF ETHER NETWORKS. \ 1:
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ETHER ACRUESITION

How DOES A STATION'S TRANSMITTER ACQUIRE THE USE OF THE ETHER
L] .
FOR A PARTICULAR TRANSMISSION? THERE ARE MANY POSSIBLE WAYS,

THe ALOHA RADIO NETWORK USES WHAT WE CALL "DE FACTO” ETHER
ACQUISITION, A STATION DESIRING TO TRANSMIT SIMPLY DOES, IT
JUPS RIGHT ON AND USES THE ETHER. IF THE TRANSMISSION GOES
THROUGH, THE ETHER HAS BEEN SUCCESSFULLY ACGUIRED, DE FACTO,
IF SOME OTHER TRANSMISSION CONFLICTS, THEN BOTH (ALL) ARE
LOST AND ARE RETRIED SOME RANDOM TIME LATER; THE ETHER HAS
FAILED TO BE ACQUIRED.

At LEAST Two FACTS ABOUT THE ALOHA ETHER AND TRANSCEIVERS
SUPPORT THE USE OF DE FACTO ETHER ACQUISITION, FIRST,

THE ALOHA ETHER IS VERY BIG, IT TAKES A LONG TIME FOR
TRANSMISSIONS TO PROPAGATE3 AND SECOND, ALOHA TRANSCEIVERS
ARE STRICTLY HALE-DUPLEX, THEY CANNOT DETECT INTERFERENCE
WHILE TRANSMITTING, MNEITHER OF THESE TWO FACTS IS TRUE
OF OUR ETHER OR OUR STATIONS AS THEY ARE ENVISIONED,
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AD NOW, FOUR AXIOMS: |AX‘\ON\5€

(1) THE ETHER AXIOM: THE ETHER CARRIES TRANSMISSIONS TO ALL STATIONS.

(2) THE PROXIMITY AXIOM: PROPAGATION TIMES ARE SOMEWHAT SMALL.
(3) . THE DETECTION AXIOM: STATIONS CAN DETECT, AT ALL TIMES,
TRANSMISSIONS OF OTHER STATIONS, AS THEY PASS, IN ABOUT ONE

BIT TIME,

(4) THE DEFERENCE AXIOM: WHILE DETECTING A PASSING TRANSMISSION,

NG STATION WILL BEGIN OR CONTINUE I1TS OWN TRANSMISSION,
NOT THE

o resaL Ly
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THE ETHER AXIOM FREES US FROM CONSIDERING NETWORK ROUTING.
THE PROXIMITY AXIOM ALLOWS US TO CONSIDER SOLUTIONS WHICH

WOULD BE TOTALLY IMPRACTICAL OTHERWISE = sAY As IN ALOHA rapIO,
THE DETECTION AXIOM DOES NOT IMPLY THAT CONFLICTS CAN BE
AVOIDED; SEPARATED TRANSCEIVERS CAN BEGIN TRANSMISSION ON

FREE ETHER ONLY TO DISCOVER LATER THAT THEIR TRANSMISSIONS

HAVE COLLIDED ELSEWHERE, THE DEFERENCE AXIOM FOLLOWS FROM
NOTHING MORE THAN OUR BASIC INTUITION — MAYBE IT SHOULD

BE DISCARDED SOMETIME..
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AND NOW, A DEFINITION:

A STATION IS SAID TO HAVE ACQUIRED THE ETHER WHEN AND ONLY WHEN
IT HAS BEGUN TRANSMITTING A PACKET AND ALL OF THE OTHER STATIONS
HAVE DETECTED THE TRANSMISSION AND ARE DEFERRING TO IT,

AFTER ACQUIRING THE ETHER, A STATION 1S SAID TO HOLD THE ETHER
AS LONG AS IT CONTINUES TRANSMITTING,

THE DEFERENCE AXIOM IMPLIES THAT ONCE A STATION HAS ACQUIRED
THE ETHER, IT CAN HOLD THE ETHER AS LONG AS IT WANTS, USING
IT WITHOUT CONFLICT FOR THE DURATION OF ITS TRANSMISSION,

A STATION VIOLATING THE DEFERENCE AXIOM COULD, OF COURSE,
BREAK A HOLD ON THE ETHER AND ACQUIRE IT, BUT FOR THE MOMENT
WE DISALLOW THIS BEHAVIOR.

IF THE ETHER 1S TO BE SHARED IN SOME REASONABLE WAY, THEN
FURTHER AGREEMENTS WILL BE REQUIRED TO REGULATE THE MAXIMUM
E——

HOLDING TIME, BUT THIS COMES LATER,
L]
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AD NOW, ANOTHER SO-CALLED AXIOM:

(5) THE DIAMETER AXIOM: FOR ANY GIVEN ETHER NETWORK,

. THERE EXISTS A DIAMETER D, THE PROPAGATION DELAY BETWEEN

MOST DISTANT STATIONS, THE MAXIMUM TIME FROM START OF
TRANSMISSION TO DETECTION OF TRANSMISSION BY A DISTANT STATION,

By THE PROXIMITY AXIOM, D IS “SoMEWHAT' smALL,
AND NOW A FACT:

How LONG AFTER BEGINNING TRANSMISSION MUST I DETECT NO

CONFLICT BEFORE | CAN BE CERTAIN THAT [ HavE ACQUIRED THE FTHER?

THE ANSwER: 2D, ONE ROUND TRIP, SAY THAT THERE IS THIS STATION
AT THE FAR END OF THE ETHER, D SECONDS awAY. AFTER I START

TRANSMISSION ON THE OPEN ETHER, IT CAN BE D SECONDS BEFORE

HE KNOWS ABOUT IT, BUT IF JUST BEFORE MY TRANSMISSION REACHES
HIM HE DECIDES TO TRANSMIT HIMSELF, THEN IT WILL BE D MORE
SECONDS BEFORE | FIND OUT ABOUT IT — IT can BE 2 SECONDS
BEFORE | SENSE CONFLICT AND THEREFORE FAILURE TO ACQUIRE,

HE WILL HAVE SENT A BIT OR TWO BEFORE DETECTING MY TRANSMISSION

AND WILL DEFER, BUT IT'S TOO LATE. HIS BRIEF TRANSMISSION

WILL CAUSE ME TO LET GO OF THE ETHER ACCORDING TO THE AXICM

OF DEFERENCE, [T TAKES 2D SECONDS OF ETHER TIME TO ACQUIRE.
{—---- .-.‘TQ_Z____.__.._)|
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DEFINITION: A TRANSMISSION IS SAID TO BE CONFLICT-EREE
WITH RESPECT TO ITS TRANSMITTER AND A SPECIFIED RECEIVER
(DISREGARDING ETHER NOISE) IF AND ONLY IF THE TRANSMISSION
PLACED ON THE ETHER BY THE TRANSMITTER IS LATER CORRECTLY
RECEIVED (I.E., WITHOUT INTERFERENCE) AT THE RECEIVER,
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FACT: IF THE ETHER IS ACQUIRED FOR A TRANSMISSION, THEN THE
TRANSMISSION IS CONFLICT-FREE FOR ALL RECEIVERS.

FACT: ETHER ACQUISITION IS NOT NECCESSARY FOR CONFLICT~FREE
TRANSMISSIONS, EVIDENCE ALDHA SUB-ACQUISITION TRANSMISSIONS,

FACT: THE LONGEST CONFLICT~FREE SUB~ACQUISITION TRANSMISSION
1s D SECONDS LONG,
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JFACT: A TRANSMISSION OF ANY LENGTH D (Even LESS THaN D) can BE
DETERMINED TO BE CONFLICT-FREE FOR ALL, RECEIVERS BY ITS TRANSMITTER
IF NO CONFLICTING TRANSMISSIONS AR:-IIJ.EI'ECTED FOR A PERIOD OF
2D SECONDS AFTER THE START OF TRANSMISSION.

Fact: A TRANSMISSION MAY BE CONFLICT-FREE WITH RESPECT TO
m— S——
ITS INTENDED RECEIVER EVEN IF AN OTHER TRANSMISSION IS DETECTED

BEFORE THE ZI) SAFETY PERICD, \l\/
ITRRRREN  TRONSN(TER RECEWER
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ROUND-TRIP CLOCK.

ETHER BARGAINIHG 0GIC

WE PRESUME WE KNOW THE ETHER'S DIAMETER AND THAT IT IS SMALL.
We PROPOSE THE FOLLOWING LOGIC FOR A STATION'S BARGAINING
WITH THE ETHER,

FIRST, A CLOCK; CALL IT THE ROuND-TRIP cLock (RC),
THe RC NEED NOT BE VERY GOOD; AN UGLY MULTI-VIBRATOR PERHAPS.
IT SHOULD HAVE A PERIOD OF 2DHEPSILON, FOR SOME SMALL EPSILON.

SECOND, A COUNTER; CALL IT THE SLOT COUNTER (SC).
THe SC 1S ALWAYS COUNTING UP, INCREMENTED BY THE

THIRD, A REGISTER; CALL IT THE LOAD REGISTER (LR).
THE LOAD REGISTER TELLS THE SLOT COUNTER WHEN TO RETURN TO ZERO.

THE LR HOLDS A NUMBER WHICH IS A MEASURE OF ETHER TRAFFIC LOAD.
IN COUNTING UP FROM ZERO, THE SLOT COUNTER RETURNS TO ZERO
WHEN ITS CONTENTS ARE EQUAL TO THAT OF THE LOAD REGISTER.

THE LOAD REGISTER DEFINES THE LENGTH OF THE SLOT COUNTERS
CYCLE,

FOuRTH, OTHER-DRIVE DETECTOR, 0D, ThE OD LOOKS AT THE ETHER

TO DETECT WHEN THE ETHER IS BEING DRIVEN BY SOME TRANSMITTER
OTHER THAN ITS OWN, AT THE POINT OF THE TRANSMITTER.

-—q—
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FIFTH, THE OTHER-DRIVE DETECT BIT; ODB. THis FLIP-FLOP
IS SET WHENEVER THE OTHER-DRIVE DETECTOR DETECTS SOME
OTHER TRANSMITTER’S DRIVE ON THE ETHER., BY THE
DEFERENCE AXIOM, THE SETTING OF THE ODB causes any
TRANSMISSION IN PROGRESS TO BE IMVEDIATELY ABORTED.

(THE ODB 1S CLEARED WITH EACH TICK OF THE ROUND-TRIP c:.ocx)

SIxTH, THE No-cONFLICT BIT, NCB, THIS FLIP-FLOP

IS SET WITH THE FIRST BIT OF A TRANSMISSION ONTO

THE ETHER BY THE LOCAL TRANSMITTER. THIS BIT

IS CLEARED BY THE OTHER-DRIVE DETECTOR, ONLY DURING
THE FIRST ROUND-TRIP OF A TRANSMISSION == ONLY WHILE
THE SLOT COUNTER IS ZERO,

SUB ACROISITION
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HHEN A STATION DESIRES TO TRANSMIT, IT WAITS UNTIL THE ETHER
IS BPTY AND THE SLOT COUNTER IS ZERO. [T THEN BEGINS
TRANSMISSION, THE PLACING OF BITS INTO THE ETHER.

IF THE OTHER-DRIVE BIT COMES ON BEFORE END-OF-TRANSMISSION,
THEN THE TRANSMISSION IS ABORTED ~- THE DEFERENCE AXIOM.
(WE MIGHT RECONSIDER THIS POSITION — THE CONFLIETING

—#_”

TRANSMISSION MAY BE GOING IN THE OTHER DIRECTION) , ®

AT THE START OF ACTUAL TRANSMISSION, THE NO-CONFLICT BIT

1s SET. IF THAT BIT IS SET AT THE FIRST TICK OF THE ROUND-TRIP
CLOCK, THEN A CONFLICT-FREE TRANSMISSION HAS OCCURRED.

THIS EVENT MAY BE SIGNALED DURING TRANSMISSION IF THE
TRANSMISSION 1S LONGER THAN ZD SECONDS, OR AFTER THE

END OF TRANSMISSION, IF THE TRANSMISSION 1S LESS THAN 2D LonG,
THUS THE STATION CAN KNOW TO SOME HIGH PROBABILITY THAT

M
7S TRavsission Has succemed. ( DISREGRRUING NOWSE)
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THE SLOT COUNTER HAS THE FOLLOWING PURPOSE, AS AN ONGOING
TRANSMISSION COMES TO AN END, ALL THE WAITING STATIONS WILL
WANT TO JUMP ON WITH THEIR TRANSMISSIONS -= AND THESE WILL
OFTEN CONFLICT ~- MORE OFTEN WITH LOAD, THE SLOT COUNTERS
IN THE VARIOUS STATIONS WILL TEND NOT TO BE SYNCHRONIZED

SO THAT THE SLOT COUNTERS WILL HOLD OFF SOME OF THE STATIONS
GIVING (HOPEFULLY) ONE OF THEM TIME TO ACQUIRE THE ETHER. (OR JUST 0SE (T)
FOR SHORT TRANSMISSIONS, ACQUISITION WILL NOT OCCUR AND

THE ETHER WILL EXPERIENCE RAPID TRANSMISSIONS, HOPEFULLY
ONE PER “SLOT”. FOR LONG TRANSMISSIONS, THE FIRST STATION
TO THE ETHER WILL ACQUIRE IT, THUS QUEUEING UP THE OTHER
STATIONS TO WAIT THEIR TURN,

A
IN THE EVENT THAT A CONFLRIT IS DEVECTED, THE STATION HAS (o,\\“o‘(\
TWO OPTIONS, FIRST, IT CAN CLOBBER ITS SLOT COUNTER TO
MOVE IT AROUND IN THE QUEUEING CYCLE; AFTER A WHILE THE
TERMINALS SHOULD BECOME DISTRIBUTED OVER THE VARIOUS SLOTS
OF THE LOAD CYCLE. (R, THE STATION MIGHT CHOOSE TO, IN ADDITION,
INCREMENTWEB THE CONTENTS OF THE LOAD REGISTER, TO REDUCE
ITS LOAD ON THE ETHER, AS THE ETHER BECOMES MORE
LOADED WITH TRAFFIC, ALL OF THE STATIONS WILL THEREFORE
BACK OFF TO SHARE THE ETHER ‘OPTIMALLY'. OF COURSE, WITH
SUCCESS ON THE ETHER, STATIONS MUST CONSIDER REDUCING THE

CONTENTS OF THE LOAD REGISTER, TO TIGHTEN UP IN THE FACE
OF REDUCED TRAFFIC, £ STATION <ON 261N TeoNSTMSSION
IN B SLOT WVTH Pengagiey L
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