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Claims 

 

1. A data processing system configured to store a plurality of data entities in volatile memories 

of multiple computing devices, the data processing system comprising: a first computing device 

having a first volatile memory configured to store a first data entity, the first data entity 

associated with a first identifier; and a second computing device, different from and 

communicatively coupled to the first computing device, having a second volatile memory 

configured to store a copy of the first data entity associated with a second identifier, wherein the 

first computing device is configured to perform: receiving an indication to update the first data 

entity; after receiving the indication, updating the first data entity in the first volatile memory, 

and providing to the second computing device an indication to update the copy of the first data 

entity; and providing an indication that the first data entity has been updated, after receiving 

information from the second computing device indicating that the copy of the first data entity has 

been updated in the second volatile memory, wherein the first volatile memory comprises first 

on-heap memory, and wherein the first computing device is configured to store the first data 

entity in the first on-heap memory.  

 

 2. The system of claim 1, wherein the first volatile memory further comprises first off-heap 

memory.  

 

 3. The system of claim 2, wherein the second volatile memory comprises second on-heap 

memory and second off-heap memory, and wherein the second computing device is configured 

to store the copy of the first data entity in the second off-heap memory.  

 

 4. The system of claim 3, wherein the first computing device is communicatively coupled to a 

third computing device having a third volatile memory, the third volatile memory comprising 

third off-heap memory configured to store another copy of the first data entity, wherein the first 

computing device is further configured to perform: in response to the receiving, providing to the 

third computing device an indication to update the other copy of the first data entity; and 

providing the indication that the first data entity has been updated only after receiving 
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information from the third computing device indicating that the other copy of the first data entity 

has been updated in the third volatile memory.  

 

 5. The system of claim 1, wherein the first computing device is communicatively coupled to 

multiple computing devices having respective volatile memories configured to store copies of the 

first data entity therein, the multiple computing devices including the second computing device, 

wherein the first computing device is further configured to perform: in response to the receiving, 

providing an indication to the multiple computing devices to update their respective copies of the 

first data entity; and providing the indication that the first data entity has been updated only after 

receiving information from each of the multiple computing devices indicating that its respective 

copy of the first data entity has been updated.  

 

 6. The system of claim 5, further comprising a plurality of computing devices, the plurality of 

computing devices comprising the multiple computing devices configured to store copies of the 

first data entity therein, wherein the first computing device is further configured to perform: 

identifying, based on the first data entity, the multiple computing devices from among the 

plurality of computing devices.  

 

 7. The system of claim 1, wherein updating the first data entity in the first volatile memory is 

performed prior to providing to the second computing device an indication to update the copy of 

the first data entity.  

 

 8. The system of claim 1, wherein the first volatile memory is configured to store a plurality of 

data entities including the first data entity, wherein the second computing device is configured to 

store copies of data entities in the plurality of data entities, and wherein the first computing 

device is further configured to perform: receiving an indication to perform resynchronization; in 

response to receiving the indication to perform resynchronization, providing to the second 

computing device information comprising an identifier and a version number for each of the 

plurality of data entities; receiving, from the second computing device, information identifying at 

least one data entity in the first volatile memory that is not synchronized with its respective at 

least one copy in the second volatile memory; and in response to receiving the information 
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identifying the at least one data entity, providing to the second computing device the at least one 

data entity stored in the first volatile memory.  

 

 9. The system of claim 8, wherein the information identifying the at least one data entity 

consists of a first amount of information, and wherein the at least one data entity consists of a 

second amount of information that is at least at least ten thousand times greater than the first 

amount of information.  

 

 10. The system of claim 1, wherein: the data processing system is configured to manage a set of 

at least ten million data entities, each data entity comprising at least a kilobyte of data; and the 

plurality of data entities comprise the set of at least ten million data entities.  

 

 11. The system of claim 1, wherein the first identifier and the second identifier are the same 

identifier.  

 

 12. A method, performed by a first computing device having a first volatile memory configured 

to store a first data entity associated with a first identifier, the first computing device being 

communicatively coupled to a second computing device having a second volatile memory 

configured to store a copy of the first data entity associated with a second identifier, the second 

computing device being different from the first computing device, the method comprising: 

receiving an indication to update the first data entity; after receiving the indication, updating the 

first data entity in the first volatile memory, and providing to the second computing device an 

indication to update the copy of the first data entity; and providing an indication that the first 

data entity has been updated, after receiving information from the second computing device 

indicating that the copy of the first data entity has been updated in the second volatile memory, 

wherein the first volatile memory comprises first on-heap memory, and wherein the first 

computing device is configured to store the first data entity in the first on-heap memory.  

 

 13. The method of claim 12, wherein the first computing device is communicatively coupled to 

multiple computing devices having respective volatile memories configured to store copies of the 

first data entity therein, the multiple computing devices including the second computing device, 
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the method further comprising: in response to the receiving, providing an indication to the 

multiple computing devices to update their respective copies of the first data entity; and 

providing the indication that the first data entity has been updated only after receiving 

information from each of the multiple computing devices indicating that its respective copy of 

the first data entity has been updated.  

 

 14. The method of claim 13, further comprising: identifying, based on the first data entity, the 

multiple computing devices from among a plurality of computing devices.  

 

 15. The method of claim 12, wherein updating the first data entity in the first volatile memory is 

performed prior to providing to the second computing device an indication to update the copy of 

the first data entity.  

 

 16. The method of claim 12, wherein the first volatile memory is configured to store a plurality 

of data entities including the first data entity, wherein the second computing device is configured 

to store copies of data entities in the plurality of data entities, the method further comprising: 

receiving an indication to perform resynchronization; in response to receiving the indication to 

perform resynchronization, providing to the second computing device information comprising an 

identifier and a version number for each of the plurality of data entities; receiving, from the 

second computing device, information identifying at least one data entity in the first volatile 

memory that is not synchronized with its respective at least one copy in the second volatile 

memory; and in response to receiving the information identifying the at least one data entity, 

providing to the second computing device the at least one data entity stored in the first volatile 

memory.  

 

 17. At least one non-transitory computer-readable storage medium storing processor executable 

instructions that, when executed by a first computing device having a first volatile memory 

configured to store a first data entity associated with a first identifier, cause the first computing 

device to perform a method, the first computing device being communicatively coupled to a 

second computing device having a second volatile memory configured to store a copy of the first 

data entity associated with a second identifier, the first computing device being different from 
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the second computing device, the method comprising: receiving an indication to update the first 

data entity; after receiving the indication, updating the first data entity in the first volatile 

memory, and providing to the second computing device an indication to update the copy of the 

first data entity; and providing an indication that the first data entity has been updated, after 

receiving information from the second computing device indicating that the copy of the first data 

entity has been updated in the second volatile memory, wherein the first volatile memory 

comprises first on-heap memory, and wherein the first computing device is configured to store 

the first data entity in the first on-heap memory.  

 

 18. A data processing system configured to store data entities in volatile memories of multiple 

computing devices, the data processing system comprising: a first computing device having a 

first volatile memory configured to store a plurality of data entities, the plurality of data entities 

associated with first respective identifiers; and a second computing device, different from and 

communicatively coupled to the first computing device, having a second volatile memory 

configured to store copies of data entities in the plurality of data entities, the copies associated 

with second respective identifiers, wherein the first computing device is configured to perform: 

receiving an indication to perform resynchronization; providing, to the second computing device, 

information comprising an identifier and a version number for each of the plurality of data 

entities; receiving, from the second computing device, information identifying at least one data 

entity stored in the first volatile memory that is not synchronized with its respective at least one 

copy in the second volatile memory; and in response to receiving the information, providing to 

the second computing device the at least one data entity stored in the first volatile memory, 

wherein the first volatile memory comprises first on-heap memory, and wherein the first 

computing device is configured to store the first data entity in the first on-heap memory.  

 

 19. The data processing system of claim 18, wherein the first volatile memory further comprises 

first off-heap memory.  

 

 20. The data processing system of claim 19, wherein the second volatile memory comprises 

second on-heap memory and second off-heap memory, and wherein the second computing 
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device is configured to store copies of data entities in the plurality of data entities in the second 

off-heap memory.  

 

 21. The data processing system of claim 18, wherein the second volatile memory stores local 

version numbers for copies of data entities in the plurality of data entities, and wherein the 

second computing device is configured to perform: receiving the information comprising an 

identifier and a version number for each of the plurality of data entities; identifying, based at 

least in part on version numbers in the received information and the local version numbers, the at 

least one data entity stored in the first volatile memory that is not synchronized with its 

respective at least one copy in the second volatile memory; and providing, to the first computing 

device, information identifying the at least one data entity.  

 

 22. The data processing system of claim 18, wherein the first volatile memory is configured to 

store a version number for each of a plurality of data entities including a first version number for 

a first data entity in the plurality of data entities, and wherein the first computing device is 

configured to: increment the first version number in response to updating the first data entity.  

 

 23. The data processing system of claim 18, wherein the second volatile memory is configured 

to store a first copy of the first data entity, and wherein the first computing device is configured 

to perform: receiving an indication to update the first data entity; in response to the receiving the 

indication, updating the first data entity in the first volatile memory, and providing to the second 

computing device an indication to update a copy of the first data entity stored in the second 

volatile memory; and providing an indication that the first data entity has been updated, after 

receiving information from the second computing device indicating that the copy of the first data 

entity has been updated in the second volatile memory.  

 

 24. The data processing system of claim 18, wherein the first respective identifiers and the 

second respective identifiers are the same.  

 

 25. A method, performed by a first computing device having a first volatile memory configured 

to store a plurality of data entities associated with first respective identifiers, the first computing 
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device being different from and communicatively coupled to a second computing device having 

a second volatile memory configured to store copies of data entities in the plurality of data 

entities, the copies associated with second respective identifiers, the method comprising: 

receiving an indication to perform resynchronization; providing, to the second computing device, 

information comprising an identifier and a version number for each of the plurality of data 

entities; receiving, from the second computing device, information identifying at least one data 

entity stored in the first volatile memory that is not synchronized with its respective at least one 

copy in the second volatile memory; and in response to receiving the information, providing to 

the second computing device the at least one data entity stored in the first volatile memory, 

wherein the first volatile memory comprises first on-heap memory, and wherein the first 

computing device is configured to store a first data entity of the plurality of data entities in the 

first on-heap memory.  

 

 26. The method of claim 25, wherein the first volatile memory is configured to store a version 

number for each of a plurality of data entities including a first version number for a first data 

entity in the plurality of data entities, and wherein the first computing device is configured to: 

increment the first version number in response to updating the first data entity.  

 

 27. The method of claim 25, wherein the second volatile memory is configured to store a first 

copy of the first data entity, and wherein the first computing device is configured to perform: 

receiving an indication to update the first data entity; in response to the receiving the indication, 

updating the first data entity in the first volatile memory, and providing to the second computing 

device an indication to update a copy of the first data entity stored in the second volatile 

memory; and providing an indication that the first data entity has been updated, after receiving 

information from the second computing device indicating that the copy of the first data entity has 

been updated in the second volatile memory.  

 

 28. The method of claim 25, wherein the first respective identifiers and the second respective 

identifiers are the same.  
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 29. At least one non-transitory computer readable storage medium storing processor-executable 

instructions that, when executed by a first computing device having a first volatile memory 

configured to store a plurality of data entities associated with first respective identifiers, cause 

the first computing device to perform a method, the first computing device being different from 

and communicatively coupled to a second computing device having a second volatile memory 

configured to store copies of data entities in the plurality of data entities, the copies associated 

with second respective identifiers, the method comprising: receiving an indication to perform 

resynchronization; providing, to the second computing device, information comprising an 

identifier and a version number for each of the plurality of data entities; receiving, from the 

second computing device, information identifying at least one data entity stored in the first 

volatile memory that is not synchronized with its respective at least one copy in the second 

volatile memory; and in response to receiving the information, providing to the second 

computing device the at least one data entity stored in the first volatile memory, wherein the first 

volatile memory comprises first on-heap memory, and wherein the first computing device is 

configured to store a first data entity of the plurality of data entities in the first on-heap memory. 


