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CLAIMS 

 1.  A system configured for memory management using secondary objects, 

the system comprising: 

a memory; 

a processor in operable communication with the memory, the processor 

configured to perform steps for memory management which include (a) 

indicating in dedicated spaces embedded in multiple objects whether 

respective ones of the multiple objects are primary objects, each dedicated 

space being smaller than an object reference, a primary object being an 

object which has at least one secondary object which is deemed alive by 

garbage collection if the primary object is alive, without being a 

referenced object of the primary object, and (b) during garbage collection 

marking, treating secondary objects as referenced objects at least by 

marking as alive both (i) all referenced objects of each alive object X and 

(ii) all secondary objects of each alive object X; 

whereby the system integrates marking of referenced objects with marking of 

secondary objects during garbage collection to recover memory for further 

use, without requiring objects that are not primary objects to embed a 

reference-sized space for holding a reference to a secondary object. 

 2.  The system of claim 1, further comprising a hash table having entries, 

wherein a hash table entry includes a primary object reference to a primary object and a 

secondary object reference to a secondary object, thereby indicating that the secondary 

object is a secondary object of the primary object. 

 3.  The system of claim 1, wherein each dedicated space embedded in an 

object to indicate whether the object is a primary object consists of a single bit. 

 4.  The system of claim 1, wherein the objects include a primary object Y 

which has at least two secondary objects. 

 5.  The system of claim 1, wherein the objects include an object Z which is 

not a primary object, and wherein object Z has no secondary object and embeds no 

references. 

 6.  The system of claim 1, wherein the objects include a secondary object Q 



43 
 

which is also a primary object. 

 7.  The system of claim 1, further characterized in at least one of the 

following ways: 

at most ten percent of objects of a program which has at least partially executed in 

the system are primary objects; or 

a program which has at least partially executed in the system has at least ten 

thousand objects, each object X of which has a respective embedded 

dedicated space no larger than four bits to indicate whether the object X is 

a primary object and each object X of which lacks any embedded 

dedicated space larger than four bits to identify any other object as a 

secondary object of the object X. 

 8.  A method for memory management using secondary objects, the method 

comprising automatically: 

indicating in dedicated spaces embedded in multiple objects whether respective 

ones of the multiple objects are primary objects, each dedicated space 

being smaller than an object reference, a primary object being an object 

which has at least one secondary object which is deemed alive by garbage 

collection if the primary object is alive, without being a referenced object 

of the primary object;  

during garbage collection marking, treating secondary objects as referenced 

objects at least by marking as alive both (i) all referenced objects of each 

alive object X and (ii) all secondary objects of each alive object X; and 

avoiding embedding, in objects that are not primary objects, any reference-sized 

space for holding a reference to a secondary object. 

 9.  The method of claim 8, further comprising at least one of the following 

during garbage collection marking: 

following a code path that is shared by secondary object marking and referenced 

object marking at least to a point where individual objects are checked for 

aliveness; or  

following a code path that is shared by secondary object marking and referenced 

object marking at least to a point where object references are enumerated 
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to support checking individual objects for aliveness.  

 10.  The method of claim 8, further comprising at least one of the following 

during garbage collection marking: 

avoiding reliance on looping through a handle table that includes non-primary 

objects in order to collect secondary object handles; or 

avoiding reliance on an aliveness promotion counter value in order to collect 

secondary object handles. 

 11.  The method of claim 8, further comprising setting a bit that is embedded 

in an object, in order to indicate that the object is a primary object, prior to returning a 

handle to the object as a result of a request to create the object. 

 12.  The method of claim 8, further comprising using a hash table to specify 

that an object is a secondary object of a primary object. 

 13.  The method of claim 8, further comprising: 

using a data structure to specify that an object X and an object Y are each a 

secondary object of a primary object Z. 

 14.  The method of claim 8, further comprising receiving a command to 

substitute at least one object of a particular primary-object-secondary-object relationship, 

and updating a data structure which specifies primary-object-secondary-object 

relationships while performing the command. 

15. The method of claim 8 , further comprising treating a secondary object � as a 

primary object in its own right, by marking each referenced object of object X and 

marking each secondary object of object X. 

16. A computer-readable storage medium configured with data and instructions 

which upon execution by a processor cause a computing system to perform a method for 

memory management using secondary objects, the method comprising: 

indicating in dedicated spaces embedded in multiple objects whether respective 

ones of the multiple objects are primary objects, each dedicated space being smaller than 

an object reference, a primary object being an object which has at least one secondary 

object which is deemed alive by garbage collection if the primary object is alive, without 

being a referenced object of the primary object; 

during garbage collection marking, treating secondary objects as referenced 
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objects at least by marking as alive both (i) all referenced objects of each alive object � 

and (ii) all secondary objects of each alive object �; and  

avoiding embedding, in objects that are not primary objects, any reference-sized 

space for holding a reference to a secondary object, each reference-sized space being at 

least thirty-two bits in size. 

 17.  The computer-readable storage medium of claim 16, wherein the method 

comprises following a referenced object marking code path to mark referenced objects 

during a garbage collection, and comprises following a secondary object marking code 

path to mark secondary objects during the garbage collection, and wherein at least fifty 

percent of the referenced object marking code path overlaps the secondary object 

marking code path under at least one of the following overlap metrics, whether inclusive 

of library code or exclusive of library code or both, and whether along all executed paths 

or all possible paths or only shortest paths: number of lines of code, number of compiler-

generated instructions, number of routines called, or number of stack frames. 

18. The computer-readable storage medium of claim 16, wherein the method 

avoids imposing a stop-the-world condition, by performing garbage collection marking of 

secondary objects concurrently with execution of an application program. 

19. The computer-readable storage medium of claim 16, wherein the method is 

performed as part of a concurrent garbage collection. 

20. The computer-readable storage medium of claim 16, wherein the method 

avoids reliance on looping through any handle data structure that includes handles of both 

primary objects and non-primary objects in order to collect secondary object handles for 

marking. 

 

 


