Verteiltes Reference-Counting: Lésungen ~ Variante von Lermen und Maurer

copy
--> Jede increment-Nachricht bestatigen p q p q p q
(warten auf ack bevor das copy losgeschickt wird):
ine ok 7 dec
copy \
r r r
P q P q P q an 9.
: an p!
'”C% @ Idee:
r ack |y r Senden einer dec-Nachricht (bei Léschen der Referenz)
Referenz- 5 > erst dann, wenn das Objekt bereits eine zugehdoriges ack
zahler (bzgl. inc) vom Zielobjekt der Referenz empfangen hat

- Korrektheitskriterium erfiillt: ==> Korrektheitskriterium erfullt

inc wird vor einem kausal abhangigen dec empfangen _ geachte: Referenz kann stets geldscht werden, nur das

(d.h. Objekt r erfahrt tGber die Existenz einer Kopie einer r-Referenz, e
bevor es vom Loschen dieser oder einer "solchen" Referenz erféhrt) Senden von dec muss verzogert werden

- Nachteile der Methode: - Implementierungsskizze:
- Zahlen von empfangenen copy und ack-Nachrichten

) .. S )
COpY W!I’d Verzoge.rt R/ tenlgrsc?ics)gyt()?)p’e\lrz(t:igrr?h - dec-Nachricht erst senden, wenn Zahler ACK und COPY Ubereinstimmen
- zusatzliche Nachricht (ac ) - dann die Z&ahler ACK und COPY beide dekrementieren
- "individuelle™ Zuordnung von copy zu ack nicht notwendig!
- Abschwéachung |ACK|>01 |COPY|>0 mdglich? Konsequenzen?

- Vorteil: kein Verzogern von Basisakt
- Nachteil Ack-Nachricht und FIFO-Kanale notwendig
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Varianten von Rudalics Die Referenzgewichts-Methode

1) 3-Nachrichten-Protokoll (*zyklisch"): (WRC: "Weighted Reference Counting")
3) ack Idee q bekommt Referenz auf r von r
p - g selbst; nachdem r seinen Zahler inkre- ) _
mentiert hat (veranlasst durch inc). Neues Objektgenerieren("new"):

Bedingungp darf seine r-Referenz
1) inc% A erst ldschen, wenn alle erwarteten @ @
2) copy  ack-Nachrichten eingetroffen sind.

:> RW= 8 ReferencéVeight

Frage Ware es auch moglich, dass das

ack an p von r (statt q) gesendet wird?
ReferenceCount
. . . o . (obwohl dadurch die Referenzen
- Vorteil: kein FIFO notwendig (falls FIFO garantiert ist: ack-Nachricht nicht tatsachlich "gezahlt" werden)

einsparen ==> nur zwei Nachrichten pro copy!)
- Nachteil Kopieren dauert langer (2 Nachrichten)

2) 4-Nachrichten-Protokoll: Referenzkopieren ("copy “):

3) ack
@) & - Idee: ack erst senden, wenn @ @ @

p q beidecopy-Nachrichten RW= 8 RW=4  RW=4
1) copy empfangen wurden :>

) M\ /2) copy - g installiert die r-Referenz Splittenvon RW

) inc ) bei Empfang degrsten (...solange das geht!)
entspricht copy-Nachricht ansonsten (hier nicht
"ack" bei genauer behandelt):

Lermen / - Unter welchen Bedingungen dirfen " .

Maurer p bzw. g dec-Nachrichten senden? 1) "Recharge

2) Indirektionsobjekt

- Vorteil: kein FIFO notwendig; keine Verzdgerung
- Nachteil: 4 Nachrichten (aber nur 3 "sequentiell") - Beachte: Es wir#teine Increment-Nachrichitendtigt!
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Referenzloschen("delete"):

® @ ® @

Kredit-Methode und WRC

RW=2 'RW=4 RW=4 Terminierungserkennung ~ WRC-
== [rRe) it der Kredumethorde; . Gamage-Collection
:> - Send.en einer Nach.rlcht<_;_> - Kop.leren einer Referenz
Decrement-Reference- (Splitten des Kreditwertes) (Splitten des RW)

Count-Nachricht _ _ E
- Passiv werden (Kredit <—|—> - R-Referenz 16schen
an Urprozess zurtickgeben) : (Decrement-Nachricht an R)

. Invariante 3 Kredit =1 ~-—— Invariante RC => RW+3 DRC
Invariante RC = RW + ) DRC i

. . - Gesamtkredit beim 4—»5 -RC=0beiR
RC = 0 --> Objekt istGarbage Urprozess =21 |
--> alle Referenzen dieses Objektes auf andere Objekte '

I6schen (DRC-Nachrichten senden) Terminierung 4——» R ist Garbage

- Logarithmische Kompression (Zer_Potenzen!) von RW Also: Kreditmethode entSpriCht WRC-Garbage-ColleCtion!

- mit nur 2 Bit pro Zeiger lassen sich so RW bis max. 8 darstellen
- statt 8 kann ggf. auch ein (etwas?) grosserer Maximalwert gewahlt werden
- RC so nicht komprimierbar ==> int-Variable mit "vielen" Bits pro Objekt

- Keine Verzdgerung bei copy / delete und bei copy keine
zuséatzlichen Nachrichten!

- RW = 1 sollte ein eher seltenes Ereignis sein (--> Zusatzaufwand)

- Analogie zuiKredit-Methodebei vert. Terminierung!
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Problemtransformation

- Es wird dag”roblem nicht derAlgortihmustransformiert!

Garbage-Collection und Terminierung

| nicht notwendigerweise verteilte

Theorem: /
JederGarbage-CollectiorAlgorithmus kann
automatischn einen Algorithmus zur Feststellung Termini Garb
derverteilten Terminierungransformierwerden erminierungsr arbage-
entdeckungs- Collection-
o o problem > Problem
Bemerkung: Fir beide Probleme wurden viele nicht-triviale dna
(und auch manche falsche!) Lésungen publiziert
einfache
Ein Garbage-Collection Transformation Anwendung dep
4 (aber wie?) <
Algorithmus Garbage-Coll.
triviale Algorithmus
Interpretation
Y
Losungdes <+ ? Losungdes
Terminierungst Garbage-
entdeckungs- Collection-
problems Problems
mechanische X
Transformation
Vereinfachung automatisch
und Optimierung manuell
rermimenngs) | [FEn0ces |
entdeckungs- ' [ entdeckun sg
problem 9
problems

Ein verteilter Termi-

nierungsentdeCku ng@lgorithmus Algorithmus zur Feststellung
der verteilten Terminierung! Vert. Algo. 02103, F. Ma. 320
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Vom Ende einer Geheimniskramerei

Die vier goldenen Regeln der Geheimniskramerei:

1) Es gibt undunein-
Geheim—@Q geweihte mf
nistrager Personen

2) Nur ein Geheimnistrager kann dasheimnis
weiterverbreiten: A

®@/®V)
.

Geheimnis: Or
des Schatzes

—

3) Wer das Geheimnierfahrt wird zumGeheimnistrager

4) Ein Geheimnistrager kann dagheimnis
(endgultig)vergessen

es gibt keine Geheimnistrager und
keine Nachrichten mit dem Geheimhis

Geheimniskramerei terminieg==>
Schatz nicht mehr zugreifbg==> Schatz ist "Garbage"

--> "watchdog" beim Schatz meldet Terminierun%.l..

Vert. Algo. 02/03, F. Ma.

Die Transformation

- JederProzesswvird in einWurzelobjekttransformiert
- Ein zusatzlichesirtuelles Objekt Rwird hinzugefigt

PI—~— [P2] | 1) prozess Rktiv <==>
P besitzReferenz auf R
tuell 2) JedeNachrichtenthalt
Objekt . | Referenz auf R

- Die beiden Regeln lassen sich ("induktiv") erfillen:

- ein (aktives) Objekt / Prozess sendet eine Kopie seiner
R-Referenz mit jeder Nachricht

- ein reaktivierter Prozess erhélt eine R-Referenz
- ein Prozess, der passiv wird, I6scht seine R-Referenz

R Garbage==> Es gibt keine Referenz auf R
<==> Alle Prozesse passiv und keine Nachricht
unterwegs <==¥erteilte Berechnung terminiert

- Also: verwendergendeinenGC-Algorithmus

--> interpretiere Berechnung als GC-Problem
--> melde Terminierung, wenn R als Garbage erkannt

- Ubung man mache dies fiir konkrete GC-Algorithmen aus der Literatur
- beachte: es entstehen keine Zyklen von Referenzen, daher sind auch

Referenzzéahlverfahren anwendbar!

Vert. Algo. 02/03, F. Ma. 322



Dijkstra
et al. ’78@

@ \ Variante
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Bevan / Watson Ben-Ari
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@ Recovery

Dijkstra
et al. '83

@ ("DFG")

AN

y

GC-Algo.

mechanische
Transformation

Algo. zur Entdeckung

Dijkstra /
Scholten '8(

)

der verteilten
Terminierung

®

Bekannte Garbage-Collection-Verfahren werden so in bekannte und brauch-
bare Algorithmen zur Erkennung der verteilten Terminierung transformiert!
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Die Patent-Story

WRC-Garbage-Collection-Algorithm patentiert:
Européische Patentnummer 86309082.5

Ist der resultierende Terminierungs-
erkennungsalgorithmus auch durch

das Patent geschiitzt?

Vert. Algo. 02/03, F. Ma. 324



Das WRC-Patent

.m.u.
]
Europaisches Patentamt (-
@ Publication number: 0 225 755 (40
European Patent Office A2 =
Office européen des brevets m
=
@ EUROPEAN PATENT APPLICATION
@) Application number: 86309082.5 ) mt.c:G 06 F 12/02

@2 Date of filing: 20.11.86

/ 20.11.86

ICL

X

@ Priority: 04.12.85 GB 8529890 @ Applicant: INTERNATIONAL COMPUTERS LIMITED ICL
House, Putney, London, SW15 1SW (GB)

\ Watson, Pau

® Date of publication of application: 16.06.87 @ Inventor: Watson, Paul, 146, Hilda Park
Bulletin 87/25 Chester-Le-Street, Co-Durham DH2 2JY (GB)
@ Representative: Guyatt, Derek Charles et al, STC
(83 Designated Contracting States: BE DE FR GB NL Patents Edinburgh Way, Harlow Essex CM20 2SH (GB)

@ Garbage collection in a computer system

@ A computer system is described, having memory cells or-
ganised in a directed graph structure by means of pointers.
Each cell has a reference count, and each pointer a weight
value. If a new pointer to a cell is created by copying an existing
pointer, the new and existing pointers are given weights whose .
sum equals the old value of the existing pointer. In this way, the _\_ mo:m.ﬁm _HO _ _ mlln
sum of the weights of the pointers to any cell are maintained
equal to its reference count. If a pointer is destroyed, the refer-
ence count of the cell to which it points is reduced by the
weight of the pointer. Thus, when the reference count of a cell
reaches zero, it is safe to assume that there are no more exist-
ing pointers to it, and hence that cell may be reclaimed (gar-
bage-collected) for re-use.

\"4

value. If a new pointer to a cell is created by copying an existing
pointer, the new and existing pointers are given weights whose
equal to its reference count. If a pointer is destroyed, the refer-
ence count of the cell to which it points is reduced by the

weight of the pointer. Thus, when the reference count of a cell
ing pointers to it, and hence that cell may be reclaimed (gar-

ganised in a directed graph structure by means of pointers.
Each cell has a reference count, and each pointer a weight
sum equals the old value of the existing pointer. In this way, the
sum of the weights of the pointers to any cell are maintained
reaches zero, it is safe to assume that there are no more exist-
bage-collected) for re-use.

@ A computer system is described, having memory cells or-

Designated Contracting States: BE DE FR GB NL
Garbage collection in a computer system
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Ein hierarchisches Patent

CLAIMS:-

1. A computer system  having storage means containing
a plurality of memory cells, at least some of which contain
pointers to others of the cells thereby defining a directed
graph structure in which each cell represents a node of the
graph, wherein
(@) each pointer hasa variable weight value
associated with it,
(b) each cell contains a variable reference count
value,
(c)  whenever a cell is allocated  in the storage means,
its reference count is initially set to a
predetermined value and the weights of any
pointers to that cell are set to non-zero values
such that the sum of those weights (or the weight
if there is only one such pointer) is equal to the
reference count of that cell,
(d)  whenever a new pointer to a cell is created by
copying an existing pointer, the new pointer and
the existing pointer are given non-zero weight
values whose sum equals the old weight value of
the existing pointer, but the reference count of
the cell is unaltered,
(e) whenever a pointer is destroyed , the reference
count of the cell to which it points is reduced by

the weight of that pointer, and

(f)  cells with reference count equal to zero are

reclaimed.
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2. A system according to Claim 1 wherein the weight

of each pointer is a power of two , and wherein, whenever a
pointer is created by copying an existing pointer of weight

greater than one, the weight of the existing pointer is

divided by two and the result is stored as the weight value

of the new and existing pointers.

3. A system according to Claim 2 wherein the weight
of each pointer is encoded in a compressed form as the

logarithm  to the base two of the weight.

4, A system according to any preceding claim wherein,
whenever a pointer is to be created by copying an existing
pointer of weight equal to one ,a dummycell is created
into which the existing pointer is copied along with its

weight, the dummy cell is given a reference count greater

than one, and the new and existing pointers are both made

to point to this dummy cell, and are given non-zero weights

whose sum equals the reference count of the dummy cell.

5. A system according to any preceding claim in which
the system is a multi-processor distributed computer

system .
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10 CLAIMS US-Version 4755939: hier wird nun eiMethodepatentiert,

I claim: nicht mehr, wie im européischen Patent,@amputersystein

1. A method of garbage collecton in a cormputer system having storage means
containing a plurality of memory cells, at least some of which contain peinters to others of
the cells thereby defining a directed graph structure in which each cell represents anode
of the graph, wherein the method cemprises steps as followrs:

o ia) each pointer is provided with a variable weight value,

o ib) each cell is provided with a variable reference count value,

& {c) whenever a cell is allocated in the storage means, the reference count of the
cell is iniially sef to a predetermined value and the weights of any pointers to that
cell are sef to non—zero values such that the sum of those weights {or the weight if
there is only one such pointer) is equal to the reference count of that cell,

< id) wwhenever a new pointer fo a cell is created by copying an existing pointer, the
nesv poinfer and the existing pointer are given non—zero weight walues whose sum
equals the old weight value of the existing pointer, but the reference count of the
cell is unaltered,

o (&) whenever a poinfter is destroved, the reference count of the cell to which the
pointer points iz reduced by the weight of that pointer,

o (f) and cells with reference count equal to zero are reclaimed.

2. A method according to claim 1 wherein the weight of each pointer is a power of two,
and wherein, whenever a pointer is created by copying an existing pointer of weight
greater than one, the weight of the existing pointer is divided by twwo and the resultis
stored as the weight value of the nes and existing poinfers.

3. A method according to claim 2 wherein the weight of each pointer is encodedin a
compressed form as the logarithm to the base two of the weight.

4, A method according to claim 3 wherein, swwhenewver a pointer is to be created by
copying an existing pointer of weight equal to one, a durnmy cell is created into which the
existing pointer is copied along with its wweight, the dummy cell is given a reference count
greater than one, and the new and existing pointers are both made to point to this durmrmy
cell, and are given non—zero weights whose sum equals the reference count of the
dummy cell.

5. A method according to claim 3 in which the systemn is a muli—processor distributed
computer system.

6. A method according to claim 2 wherein, whenewver a pointer is to be created by
copying an existing pointer of weight equal to one, a durnmy cellis created into wwhich the
existing pointer is copied along with its wreight, the dwnmy cell is given a reference count
greater than one, and the new and existing pointers are both made to point to this dummmy
cell, and are given non—zero weights whose sum equals the reference count of the
durnrmy cell.

7. A method according to claim 2 in which the system iz a multi-processor distributed
cormputer system.

8. A method according to claim 1 wherein, whenever a pointer is to be created by
copying an existing pointer of weight equal to one, a durnmy cellis created into which the
existing peinter is copied along with its wreight, the durnmy cell is given a reference count
greater than one, and the new and existing pointers are both made to peint to this dummy
cell, and are given non—zero weights whose sum equals the reference count of the
durnmy cell.

9. A method according to claim 8 in which the computer systemis a
multiple—processor distributed computer system.

10. & method according to claim 1 in which the computer system is a muli—processor
distributed computer system.
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Patentsuche

- Sucht man nach Garbage-Collection-Verfahren (z.B. bei

den WWW-Sites der Patentamter), findet man einiges...

man héatte besser auch nach

Search Results "garbage collector" etc. gefragt

Query: (garbage collectiom—
139 of 2569032 matche@an. 2000: ein Jahr zuvor: 93 of 2461228)

5652883 Computer method and system for conservative-stack and
generational heap garbage collection

5561785 System for allocating and returning storage and collecting
garbage using subpool of available blocks

5560003 System and hardware module for incremental real time
garbage collection and memory management

5446901 Fault tolerant distributed garbage collection system and
method for collecting network objects

5819299 Process for distributed garbage collection
5832529 Methods, apparatus, and product for distributed garbage collectiot
5033930 Garbage collecting truck

5398334 System for automatic garbage collection using strong and
weak encapsulated pointers

4755939 Garbage collection in a computer system
5901540 Garden tool for collection and removal of debris
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Andere Garbage-Collection-Patente = Andere Garbage-Collection-Patente (2)

- Es gibt viele Patente zum Thema "Garbage Collection”,
und manches héatte man vielleicht selbst erfinden kénnen

- Man findet auch Querverweise auf viele andere Patente,
auf wissenschatftliche Literatur dazu etc., z.B.:

- Titel: Fault tolerant distributed garbage collection system and method for
collecting network objects

- Verdffentlichungsnr.: US5446901
- Veroffentlichungsdatum: 1995-08-29

- Erfinder: OWICKI SUSAN S (US); BIRRELL ANDREW D (US); NELSON
CHARLES G (US); WOBBER EDWARD P (US)

- Anmelder: DIGITAL EQUIPMENT CORP (US)
- Klassifikationssymbol (IPC): GO6F12/00

5355483 : Asynchronous garbage collection
INVENTORS: Serlet; Bertrand, Paris, France
ASSIGNEES: NeXT Computers, Redwood City, CA
ISSUED: Oct. 11, 1994

FILED: July 18, 1991

SERIAL NUMBER: 732453

...With this method, the process being collected communicates its memory
state ("a memory snapshot") to a garbage collecting process (GC), and
the GC process scans the memory and sends back the information about

A distributed computer system includes a multiplicity of concurrently
active processes. Each object is owned by one process. Objects are
accessible to processes other than the object's owner. Each process,
when it receives a handle to an object owned by any other process,
sends a first "dirty" message to the object's owner indicating that the
object is in use. When a process permanently ceases use of an object

garbage. As a result, the present invention permits garbage collection

to be performed asynchronously. The process being scanned for garbage
is interrupted only briefly, to obtain the memory snapshot. The process
then runs without interruption while the garbage collection is being
performed. The present invention makes the assumption that if an object
is garbage at the time of the memory snapshot it remains garbage any
time later,...

handle, it sends a second "“clean” message to the object's owner
indicating that the object is no longer in use. Each object's owner

receives the first and second messages concerning usage of that object,
stores data for keeping track of which other processes have a handle to
that object and sends acknowledgement messages in return. The receiver
of an object handle does not use the handle until its first message is
acknowledged. Periodically, the object's owner sends status request
messages to other processes with outstanding handles to that object to
determine if any of those processes have terminated and updates its
stored object usage data accordingly. A garbage collection process
collects objects for which the usage data indicates that no process has

a handle. The first and second messages include sequence numbers,
wherein the sequence numbers sent by any process change in value
monotonically in accordance with when the message is sent. Object
owners ignore any message whose sequence number indicates that it was
sent earlier than another message for the same object that previously
received from the same process.
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Beispiele fur Softwarepatente (1) Beispiele fur Softwarepatente (2)

Es gibt viel ganz offensichtliche Dinge, die patentiert wurden, das gilt auch ASSigning a client request to a server process by first examining all the server
fiir Algorithmen. Einiges davon ist in der fachlich beschlagenen Offentlichkeit Processes not handling the maximum number of clients, and then assigning
bekannt geworden, z.B. das LZW-Komprimierungspatent (US4558302) beim It tO the server process currently servicing the fewest clientfJS5249290]
gif-Bildformat. Es gibt aber auch noch viele andere "interessante" Patente. , ) . .
Vieldiskutiert ist die Frage, ob Algorithmen (oder ganz allgemein "Intellectual 'f‘pph%"’/‘{__‘ﬁ(s& ST&T_ Eéell LazbSOr?Sg'se/si:ng"zaéy nglNJ
Property") Giberhaupt patentiert werden soll. ssuea/Filed Dates: Sept. 28, en. 2z,
A server of a client/server network uses server processes to access shared
server resources in response to service requests from client computers

connected to j[he nejtwork. The server uses a measured workload indication tc
assign a received client service request to a server process... a busy

indicator provides a measured workload indication for each active process.
Any word processor with a separate mode that the user selects when they The server uses the busy indicator to assign a new client service request to
wish to type in a mathematical formula.[US5122953] the least busy process.

A word processor which marks and makes correction to a document using  Method for canonical ordering of binary data for portable operating systems.

two additional different colors. [US5021972] [US4956809]
BnuvneenElorfg:glNishi; Toshio Applicant(s): Mark Williams Company, Chicago, IL
A word processor, including a keyboard through which characters can be Issued/Filed Dates: Sept. 11, 1990 / Dec. 29, 1988

- - D ; ...The method includes converting all binary data accessed from a file
inputted, a memory device for storing inputted character arrays and a display g -
device capable of multi-color displays, is so programmed that corrections and o" communications channel from the canonical order to the natural order of

additions are automatically displayed in a different color from the rest for the host com”pg_ter beéore uﬂ-n%t-he bltglary data mft_lhe host computer and
the convenience of editing. ... When a completed document is finally stored gﬁg\éﬁg:r}?o?n thlg?{gtugiao%é? o:‘strtloe h?)sstegér?pﬁtelretgrtﬁgT;?]%rr]:i(i:aatllgr;ger
in a document file, however, such color codes are deleted such that the : :
document can be outputted in one color. before sending the binary data.

. . N . Remembering file access behavior and using it to control the amount of
Statically allocating an initial amount of memory when a program is first

loaded according to a size value contained in the program headfidS5247674] read-ahead the nexttime the file is openequS5257370]

Applicant(s): Fujitsu Limited, Kawasaki, Japan

Issued/Filed Dates: Sept. 21, 1993 / May. 13, 1991

A memory allocation system includes a unit for storing the information about
the amount of memory required at the time of initializing each executable . . : . . . .
program in the control information of the file storing the program. The Quicksort implemented using a linked list of pointers to the objects to
amount required is determined when the program is translated, assembled op€ sorted.[US5175857]

compiled and linked. The memory allocation system also includes a unit for

reading the information, indicating the amount of memory required at the timgytercepting calls to a network operating system by replacing the first

of initializing the program stored in the control information of the file, few instructions of an entry point by a call to an intercept routine[US5257381]
when loading of program is requested.

Using of multiple read only tokens and a single read write token to
control access to a portion of a file in a distributed file systenmfUS5175851]
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Beispiele fur Softwarepatente (3) Bemerkungen zum WRC-Patent...

Distinguishing nested structures by colorfUS4965765]

Applicant(s): International Business Machines Corp., Armonk, NY From: munnariltasis.utas.oz.au'ben@uunet. UU.NET (Ben Lian)
Issued/Filed Dates: Oct. 23, 1990 / May. 16, 1986 Subject: Watson & Watson’s Weighted Reference Counting
A method of distinguishing between nested expressions, functions, logic Date:19 Jun 891:55:52 GMT
segments or other text by using a different color for each nesting level.
... I thought you'd like to know that the Watson & Watson algorithm
e _ o was PATENTED (yes, patented) by ICL in the early '80s. According to
Das bertichtigte “xor-Cursor-Paterivlethod for dynamically viewing one of my colleagueshe patent covers all uses of the algorithm in
image elements stored in a random access memory arrddS4197590] which the reference weight is sgih some arbitrary ratio). This

Issued/Filed Dates: April 8, 1980 / Jan. 19, 1978 suggests that the patent covers most ANY application of the algorithm.

.An XOR feature allows a selective erase that restores lines crossing or ~ Bevan's algorithm, also in the PARLE 87 proceedings, is an elegant
concurrent with erased lines. The XOR feature permits part of the drawing to Subset of Watson & Watson's. (Ironically, Bevan won the "best paper

be moved or "dragged" into place without erasing other parts of the drawing. award at the conferenceljie patent permits the use of the algorithm
...supporting another image on the display without destruction of the in research contexts only; use in a commercial product is not allowed.
initially stored image... logically exclusively ORing together the accessed (Which means that our Department’s VLSI parallel combinator reduction
data for each element of the stored image and the data for the corresponding machine will never see the light of day.)

element of the image to be superimposed, and for reentering the resultant

logical data into the same memory locations, said display then being Ben Lian

generated from the resultant contents of said memory.

A parallelizing compiler that estimates the execution time for each of P.S. On hearing that the algorithm had been patented, my colleague
a number of different parallelization conversions and then selects the ran up and down the corridor of our hut, exclaimii¢pw could they
one that it thinks will be the fastest[US5151991] do this? They might as well patent the addition operator!"
Any document storage system that has a digital camera to scan in Benjamin Y H Lian ACSnet: ben@tasis.utas.oz
documents, stores the documents on an optical disk, and uses character Dept. of EE&CS ~ ARPA :ben%tasis.utas.oz.au@uunet.uu.net
recognition software to construct an index[US4941125] University of Tasmania BlITnet: munnari'tasis.utas.oz!ben@
GPO Box 252C uunet.uu.net
Hobart, Tasmania 7001 UUCP : {enea,hplabs,mcvax,uunet,ukc}!
AUSTRALIA munnariltasis.utas.oz!ben
Siehe auch:

http://www.freepatents.org/ (bzgl. der aktuellen Debatte, ob auch in Europa
Algorithmen patentiert werden sollen)

http://www.base.com/software-patents/examples.html (zu obigen Beispielen)
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Ein weiterer Brief von Ben Lian Watson war hicht der erste...

From: grit@carlos.linl.gov (Dale Grit)

T . . : . . Message-Id: <8907101526.AA12531@carlos.linl.gov>
As | see it, since the algorithm itself is patented, th@ntechnique which To: ben@tasis.utas.oz

makes use of weighted reference counts in any form is covered by the patent. Subject: weighted reference counting
This is regardless of different terminologgd/or the strategy used to split Status: R
reference weights.

I had heard about weighted reference counts in 1980 at a
I hope this has been helpful. If you have any further questions you might workshop at MIT, sd asked Arvindwhat he knew about them.
perhaps like to write to Andrew Partridge in my Department. He will be able to He responded with the following:
provide you with more accurate information—I am only an interested by-
stander! Alternatively, you can write to Derek Guyatt or Paul Watson (as per
the enclosed letter from the latter).

"On reference weights: | brought the idea to the
attention of Bob Thomas while he was doing his
thesis at Irvine. | had heard it from Ken Weng

in course of our many informal discussions. It

is explained in a foot note in Ken Weng’s Ph.D.

Yours sincerely thesis. | have mentioned the idea in my dataflow
course at MIT as early as 198Paul (not our old
buddy lan) Watson gave a talk about it at MIT in
1986 (I think). He was quite surprised to learn

that we knew about it so thoroughly. He acknowledges
it in his Parle paper. He for a while was erroneously
attributing the idea to me but I had him correct it.

| did not know about the ICL patent. | will be

surprised if it was filed in 1982n any case

| would not worry about it because it can’'t hold up

in court if challangedin fact 70 to 80% patents

don’t hold up when challanged.”

Ben Lian
(ben@tasis.uucp)

If you need more information, please contact Arvind at
arvind@au-bon-pain.lcs.mit.edu

Dale Grit,

Computer Science Dept.,
Colorado State University
on leave at LLNL
grit@lll-crg.linl.gov

Vert. Algo. 02/03, F. Ma. 337 Vert. Algo. 02/03, F. Ma. 338



LRC-Garbage-Collection-Verfahren

- ProMaschinewird (potentiell) fir jedes Objekt ein
Referenzzahler gehalten, z.B. fir Objekt A:

Local reference counting (LRC)

Y. Ichisugi, A. Yonezawa Distributed Garbage Collection
Using Group Reference Counting, TR 90-014, Univ. of Tokyo

Maschine 1 Maschine 2

M. Rudalics: Implementation of Distributed Reference Counts,

Internal Report, J. Kepler University, Linz copy to B A:0+—— Lokaler
_ _ _ > < Referenzzahler
J. Piquer: Indirect Reference Countingroc. PARLE 91, 150-165 fur Objekt A

®o
O

3

hier wird der lokal erzeugte und
dann versendete Zeiger mitgerechnet

. copy- . _ _

A3 Nachricht A2 B hat inzwischen
3 die A-Referenz

wurde lokal an C kopiert

gesendet
Q /CC> Bem.:3A =5,

/ obwohl nur 4
@ Q Referenzen

existieren

_ [/« pec-Nachricht senden, wenn
Dekrementieren des lokalen der lokale Referenzzahler

E.W. Dijkstra, C.S. Scholten Termination Detection for Eﬁfglrtegiﬁze?h(E?-Nbgclzhricht ﬁc\’r‘]’gg (Saennggﬂ)urspr[]ng-

Diffusing Computations. Inf. Proc. Lett. 11 (1980), 1-4

Beachte: Es wird angenommen, dasdalaie Referenzzahleatomarmit den
Operationen copy, delete, Empfang einer dec-Nachricht aktualisiert werden kann
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LRC: Weltervererben von Referenzen

Maschine 1 Maschine 2 Maschine 3
A:3 A:3| copywurde A:l
| .
? M gesendet %
@& | @
level O level 1

level 2 (bzgl. A)

- Maschine 1 muss nicht informiert werden, wenn z.B.
Objekt P eine (Kopie seiner) A-Referenz an Z schickt!

- Korrektheit (safety):

Lokaler Referenzzahler auf level i+1 >0
--> |okaler Referenzzéahler auf level i > 0

‘ Referenzbauﬁn

- wieso eigentlich
Baun®

- wie genau ist

==> Falls eine Referenz existiert, dann ist ~ " -nau 1S
level" definiert?

der Referenzzahler auf level 0 > 0

==> "Garbage-Kriterium": Referenzzahler auf level 0 = 0

- Denkiibungen: wie steht es mit digenes®
- was geschieht, wenn P eine A-Referenz an Q (Maschine 1) sendet? (--> Zyklen ?)
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Der "Remote-ref'-Baum

- Was geschieht, wenn X auf Maschine 1 eine copy-Nach-
richt mit einer A-Referenz an Y auf Maschine 3 schickt?
- Maschine 1 erhoht ihren lokalen A-Zahler beim Sende‘n\

- Maschine 3 erhoht ihren lokalen A-Zahler beim Empfangg:ﬁ :CAr]gé_
ferenz hat
M1 M2 K M3
A4 A:3 - Al
copywurde N
gesendet
Q@ 9@ e O
® | @

- Aber: Wann und an wen (hier: Maschine 1 und/oder 2) soll
ggf. eine dec-Nachricht von Maschine 3 gesendet werden*

(1) wenn Y seine A-Referenz I6scht --> an M1 senden, und
wenn Z seine A-Referenz 16scht --> an M2 senden

(2) wenn der lok. Referenzzéhler O wird auf M3 --> an M1 und M2 senden

(3) M2 "adoptiert" Y bei Empfang der copy-Nachricht --> bei Empfang
des copy eine dec-Nachricht an M1 senden (als hétte Y seine A-Referen:
gleich gel6scht und dann sofort eine lokale Kopie von Z erhalten)

- Beachte bei der Losung (3):

- eindeutige Vorgangerbeziehung; keine ZyklerBaem(“level" klar bestimmijt
- neuer "Adoptivvater" M2 braucht hierbei nicht informiert zu werden

- genausogut hatte M1 Objekt Z adoptieren kénnen (M3 sendet dann dec-

Nachricht an M2 bei Empfang der copy-Nachricht von X) --> Optimierungs-
potential: wahle stets den Vater mit niedrigstem level... (wieso?)
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LRC: Formale Beschreibung

- Ergagzen existierender atomarer Aktionen bzw. zuséatzliche Aktionen:

ist erreichbar und hat eine r-Referenz Anderung von
LRC "gleich-
zeitig" mit dem
Versenden der
copy-Nachricht

els‘e\{LRC (r). LRC,(r)+1; senddec(r)to q}

r-Referenz existierte schon
bzw. p befindet sich schon
im Referenzbaum

fi

Dp: {p hat eine r-Refere
Losche die r-Referenz,
LRCy(r) := LRGy(r) - 1;
if LRCy(r) = Othen call coll

{(r)fi

Xp: {Bei Empfang einer dec(r)-Nackyicht}
LRCy(r) := LRGy(r) - 1;
if LRCy,(r) = Othen call collect(r)fi

\ ggf. rekursive

eigeben!
- beimlokalenKopieren von r wird lediglich LRg&r) erhoht

- wieso wird eine dec-Nachricht gesendet, wenn schon eine \
r-Referenz existiert; kdnnte man darauf u.U. verzichten?ver agp.ozos, . va. 343

U

proc collect(r): ﬁ\ r wurde lokal erzefy
if FIRSTy(r) =0 then "r is garbagé

else sendlec(r)to FIRST(r); fi

atomare Aktion:

Implementierungssicht:
Remote-reference-Tabellen

Q\ “logisch
@‘ remote\
O/ Incomin i A-ref
\IRT g Outgoing
Reference Reference
\@ Table Table i
O <gf|funnnnnnnnnnnnnnnnnnnnnnnnnnnn ] 4_/@4/
/ Biindelung ORT \
aller Referen-
O zen auf das Q
LRC(A)=3 selbe Objekt || RC(A)=2

- ORT: enthalt Schattenobjekte als lokale Stellvertreter
("Proxy") fur alle entfernten Objekte

- beachte: hier ist LRC(A) = 5 = Anzahl A-Referenzen (inkl. bei IRT!),

- IRT / ORT: Die Eintrage bzgl. eines bestimmten Objektes
(z.B. A) lassen sich als e@inzigeObjekt,verteilt auf
mehrere Maschinen auffassen

| z.B. weil vomlokalen Collectorals Garbage erkarjnt

a
Idee Wenn ein Teilobjekt in OR§eloschiwird, dann wird

das entsprechende Gegenstlick in der IRT geldscht
(falls es sonst keine Teile in anderen ORT gibt)

--> ORT muss dazu eine Nachricht an IRT senden

- Remote-Referenzen sind ggfehrfach indirekt

- u.U mehrfache Adressumsetzung Begriff Gber eine Remote-Referenz,
falls der Zugriff tatséchlich entlang der Referenzkette erfogt
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LRC: Eigenschaften

- Vergleich zu Verfahren von Lermen/Maurer, Rudalics etc:

- keine Zusatznachricht bei copy : i
Generell gilt: zyklischer

- kein Verz6gern von copy Garbage zwischen ver-

- oft: keine Zusatznachricht bei delete schiedenen Objekten lasst
(gelegentlich: Abbau des Referenzbaumesich mit Referenzzahlern

I
- kein Verzogern bei delete nicht erkennent
- FIFO nicht notwendig

- Gesamtzahl der Nachrichten: genausoviele dec wie copy (wieso?)

- Vergleich zu WRC:

- Zahler einfacher handzuhaben als die Akkumulation
von beliebig kleinen Gewichtsfragmenten

- keine Komplikation bei RwW=1

- Nachteil (gegentiber anderen Referenzzahler-Methoden):

- Objekte besitzen i.a. mehrere (Referenz)zéhler (angesiedelt z.B. in
mehreren ORT-Tabellen) --> hdherer Speicheraufwand

- Implementierung:

- typischerweise je eindokalen Garbage-Collectgpro Maschine; kann
nach anderem Verfahren arbeiten, z.B. mark&sweep (Zyklenerkennung!)

- Proxyobjekte in der IRT werden dabei als Wurzelobjekte angesehen

- Migration von Objekten lasst sich einfach realisieren!

- nur Zielmaschine und Quellmaschine sind betroffen
- wie realisiert? (vgl. jeweils Objekte A und B in vorheriger Skizze)
- wieso einfacher als bei anderen GC-Verfahren?

- Denkiibung: Prazisierung (z.B. Zyklen?)...
....und Optimierung (z.B. Verkirzung von Indirektionsketten)
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