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一. 中文摘要

在實際的情況中，大部份網路的連接方式
都不是全連接的(fully connected)。而且，
處理機和通訊線路都會發生不同的錯誤模
式，稱為混合錯誤模式(hybrid fault 
model)。在本計畫中，我們將對垃圾收集
問題在混合錯誤模式下作研究。我們在本
計畫中提出了一個垃圾收集問題之演算法
FTGS，此演算法針對分散式系統物件能分
佈在每一個處理器的情況下作垃圾收集。
當每一個處理器執行完 FTGS 後即可將分
散在系統中之垃圾(可重新使用之記憶體)
重新使用。FTGS 能容忍最大數目的錯誤
單元（處理機和通訊線路），使得所有功能
良好處理機在一般性網路中都能解決垃圾
收集之問題。

關鍵字: 分散式協議, 容錯分散式系統, 
混合錯誤模式, 強一致性

Abstract

In distributed systems, actually, the 
processors can be subjected to different 
types of fault simultaneously, also referred 
to as hybrid fault model. The problem of 
distributed garbage collection is revised 
under hybrid fault model. An algorithm is 
proposed for the garbage collection in 

distributed systems with object sharing 
across the memory space of the processors. 
The proposed algorithm is executed with 
fully asynchronous manner at each processor. 
It requires no global synchronization or the 
status of the processors in the system. The 
inaccessible objects can be reclaimed as free 
space after the algorithm is executed. Finally, 
the correctness and complexity of the 
algorithm are discussed.

Keywords: garbage collection, distributed 
object-oriented system, fault-tolerant, hybrid 
fault model.

二. 緣由與目的

Object-oriented concept form a good 
basis for a rich data model for the 
new-generation database applications, such 
as CAD/CAM, CASE, multimedia 
information systems, interactive 
human-interface systems. In an 
object-oriented system, application 
programs can dynamically manipulate 
(create, delete and modify) the objects and 
share references to existing objects. 
Therefore, an object has the persistent 
property. That is, an object may persist in 
memory beyond the life of the creating 
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program. The notion of garbage in 
object-oriented system refers to objects that 
are no longer accessible by any program. 
Since the memory occupied by garbage 
cannot be used by any programs, the system 
resource is decreased if the garbage is not 
removed. The object-oriented systems 
should provide the garbage collection 
function to detect and to collect the garbage. 
After the function is executed, the memory 
occupied by garbage can be reclaimed as 
free space and can be collected to free 
storage pool. In distributed system, several 
algorithms have been presented for solving 
the garbage collection problem. Some of 
these algorithms require global 
synchronization, some cannot detect the 
cycle garbage, and some do not have 
fault-tolerant ability [7]. However, none of 
existing garbage collection algorithms are 
designed for the general network model, in 
which a distributed system is build upon a 
network that may not be fully connected, 
and of which the processors can be 
subjected to different faulty types 
simultaneously (also referred to as hybrid 
fault model). Two broad classes of processor 
faults, namely arbitrary and dormant, are 
termed by Meyer and Pradhan [8]. An 
arbitrary fault can exhibit arbitrary (included
malicious) behavior; while a dormant fault 
reflects the case when fault consists merely 
of omission of messages or delay in sending 
or relaying messages. We reexamine the 
garbage collection problem. Algorithm 
proposed for solving this problem is referred 
to as Fault-tolerant algorithm for the 
garbage collection problem (FTGC). The 

result of the proposed algorithm is free-from 
the influence of the faulty processors. That 
is, the detected garbage is really inaccessible 
object (no accessible objects are detected as 
garbage), and all garbage can be detected 
and be collected. FTGC does not require the 
faulty status of the system and global 
synchronization. Each processor in the 
system can schedule the garbage collection 
independently.  

三. 結果與討論

In a distributed system of this paper, a 
processor can be played as a sender, 
receiver, or relay depending on the flow of a 
message. A message sent from a sender to a 
receiver may be passed through some 
intermedium (relay processors). The 
message may be contaminated by either the 
sender (dormant or arbitrary fault), some 
intermedium, or both. In order to solve the 
garbage collection problem in such a 
network model, FTGC therefore should 
completely remove the influence caused by 
these faulty processors. 

The influence of the intermedium can be 
removed by using the protocol FTVC [8]. 
Due to the Menger theorem [4], at least c
disjoint paths exist between each pair of 
processor, say S and R, if the connectivity of 
the network is c. Hence S is able to send c
copies of its messages through c disjoint 
paths to R. In the worst case, R will receive 

dPc −  copies of messages sent by S. By 

applying the majority vote to these messages, 
R can determine the message sent by S if the 
constraint on connectivity, namely 
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da PPc +> 2 , holds. Thus, the message 

passing of FTGC is free-from the influence 
of the intermedium.

The garbage described in the paper can 
be classified into two types: local garbage
and global garbage. Local garbage in a 
processor refers to locally inaccessible 
objects. Such objects are either true garbage 
in the sense that they are both locally and 
globally inaccessible, or they are accessible 
to some other processor but are not 
accessible to the processor on which they 
reside. On the other hand, global garbage 
refers to the objects that are inaccessible by 
all processors. 

As for the data structure, FTGC uses 
the structure shown in Fig. 1 for the data 
objects.  The data structure is maintained 
by the object manager in each processor. 
The external-reference count of the object is 
the number of references to it from the 
objects in other processors. The reference 
list is a linked list that records the objects in 
other processors referenced to it. The 
access-time field record the time of the other 
objects referenced to it. The color field is 
modified during the mark local garbage 
phase in FTGC. The color field has three 
values: White, Gray, and Black (the 
semantic meaning of the color will be 
described later). It is set (making) for 
accessible objects during the mark phase, 
and is reset (unmarking) during the sweep 
phase. The data field contains the 
information encapsulated within the object. 
The pointers are reference links to other 
objects in the system. Each processor in the 

system has a variable of age-threshold1. The 
value of age-threshold is the upper bound of 
living time of the objects in the system; i.e., 
an object will be remove from the memory 
space if it exceed the age-threshold.

After the execution of FTGC, the garbage 
collected by the fault-free processors shall 
be the garbage defined in the following 
conditions:
1. Correctness: an object must not be 

reclaimed as long as it is accessible.
2. Completeness: all inaccessible objects are 

eventually reclaimed. 
To detect and collect the garbage, the 

protocol FTGC contains two phases: mark 
phase and sweep phase. The mark phase has 
two steps: mark-local step and 
mark-external step as shown in Fig. 2. The 
protocol FTGC possesses the graceful 
degradation property in the sense that if 
some of the processors are fail for garbage 
collection, the process in the others 
processors is still working. Thus all garbage 
objects in the fault-free processors will 
collected successfully. The garbage objects, 
which are referenced by the objects in the 
faulty processors, can be reclaimed by the 
age-threshold mechanism. Thus, the 
proposed protocol is kind of incremental 
garbage collection.
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Fig. 1. The data structure of an object.

Protocol FTGC (for each processor P)
Begin 
  /* Initial: set all objects in unmarked state */
  for each object o do 
       set o.color = “White” ;

/* mark phase */
for each root object r do

mark-local(r) ;
for each externally accessible object e do

mark-external(e) ;
/* sweep phase */

sweep() ;
end

Fig. 2. The main function of FTGC
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