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(57) ABSTRACT 

An in-memory database system uses a shared memory to 
cache records and keys read from a database and controls the 
updating of the records and keys through a database man 
ager process. When a transaction performs an update, the 
original, unmodi?ed data is preserved in the shared memory, 
the neW data is Written to the shared memory, and a 
look-aside table for the transaction records the changes. A 
transaction performs read-only access to the shared memory 
using its oWn context While a versioning scheme based on 
the look-aside tables ensures a read-committed isolation 
level vieW of the original, unmodi?ed data until the modi 
fying transaction commits the update. The database manager 
is responsible for Writing the neW data into the shared 

( * ) Notice: This is a publication of a continued pros- _ _ _ _ 
ecution application (CPA) ?led under 37 memory and for mamtammg the~ look-aside tables for all 
CFR 1' 53((1) transaction WhlCh have made modi?cations to the data in the 

shared memory. The database manager also Writes commit 
(21) APPL No. 09/135,917 ted changes to the database and performs rollback on 

uncommitted changes in the shared memory using the 
(22) Filed; Aug 18, 1998 entries in the look-aside table for the committing/aborting 

transaction. The shared memory is divided into logical pages 
Publication Classi?cation and short duration page latches are employed to maintain 

consistency on the page While a transaction or the database 
51 Int. Cl.7 ..................................................... .. G06F 7/00 mana er is readin or Writin data on the a e. g g g P g 

r ~ " — - - - - - ~ P M e - - - - - - - - - - - - - - ' " ~ - - - ' — - - - * - - - - - ' E ~ - ~ - - - "I 

I 

I SYSTEM MEMORY I ‘I7 
l _ _ _ _ _ _ _ _ _ _ _ _ 

I (ROM) 24 22 I 
l —' 26 1 l 

1 EI 2. 48 l 
‘ _ _ _ _ E _ _ _ _ _ _ _ 

I S I 

I OPERATING 35 pRo???slNc VIDEO I 
I SYSTEM ADAPTER I 
I R20 
| APPLICATION 36 23 1 
‘I PROGRAMS SYSTEM BUS I, : 

I OTHER J37 II 52 33 II 34 u 46 53 I 
I PROGRAM I I I s I l 

I MODULES HARD DISK MAGNETIC DISK OPTICAL SERIAL NEl-WORK ‘LOCAL AREA NETWORK 
1 DRIVE DRIVE DRIVE PORT INTERFACE 
I PROGRAM 38 INTERFACE INTERFACE INTERFACE INTERFACE 

I 24 lip CIIJ I _ @27 2a 30 
I_ _ _ _ _ _ _ _ _ _ __;,./___E_v _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ 

/ \ 

, / \ I I 
1 / \ ESE 

’ g5 36 37 38 \‘ 29 Q ‘:2’ ‘2’ REMOTE 
I’ S I I S ‘ 31 49“coIIPuTER 
OPERATING APPLICATION OTHER PROGRAM 42 g 
SYSTEM PROGRAMS PROGRAM DATA 4O 

MODULES 36¢ APPLIcATIoN ————— ' ' 

PROGRAMS 5° 





Patent Application Publication Jul. 4, 2002 Sheet 2 0f 14 US 2002/0087500 A1 

3 
m 

4% \_ 

356 
4 

31 
1\ \ (4 

él @ 

ILHVDB MANAQE’L 3% 269 M BMOILY PM? 

210 

MUaQ'F 



Patent Application Publication Jul. 4, 2002 Sheet 3 0f 14 US 2002/0087500 A1 

<®®R 
» 

AWN |.. 

NJ an N5 
“ m _ INUMM Nam 

L 

$23 ‘5.5m. [1.22m 

‘ M05 MN? 

MW. 

MUM! a 2N k Rum, 

_m_ I: __ 

7m“ 5:. 5“ w I F \QOE.O(W§ 

@ l 

t if i i -...+€m 
(mm. L 

WARS’. zwimnw?ki 



Patent Application Publication Jul. 4, 2002 Sheet 4 0f 14 US 2002/0087500 A1 

mm 65 

.N 2“ gmpwylqiL. 

_w_ 

305.3218‘ 



Patent Application Publication 

Ysrmwg 

‘ 4 M 

van? 

15:90 
?eww 

Jul. 4, 2002 Sheet 5 0f 14 

F1614 

US 2002/0087500 A1 





Patent Application Publication Jul. 4, 2002 Sheet 7 0f 14 US 2002/0087500 A1 

633 5 35 

CREME MA?-K 061g 
New Nae» \ KEY ENTQ7/ 
W 1% M99 

DELETE 
|<£-\( EM 
Q2001 m?ak 

mg, 513 



Patent Application Publication Jul. 4, 2002 Sheet 8 0f 14 US 2002/0087500 A1 

553' 
I M86634’ 
NEW EH’ 
gov-21M 
L) (‘/32 

MW KP] 
em-zq A5. 
week our 

, S63 

‘DELETE 
E1~|6TW6 
will?" 
a m 

I 565 
QReam; 
New mm 

‘aw 



Patent Application Publication 

#03 

/_ uocs Has 

Yaw‘m 

Raw 

((09 
DELGYE 29¢ 
mm; 1“) 
‘wopaéwg 
7548a 

Jul. 4, 2002 Sheet 9 0f 14 

(all 

US 2002/0087500 A1 

Dave-‘TE 
pew‘. Awe; 
Wadi/9 

(p17 
TJE'uCT? 
H03) F159 

Kmm 

meme Men 
‘8a. my 



Patent Application Publication Jul. 4, 2002 Sheet 10 0f 14 US 2002/0087500 A1 

l. A4DD ) 

‘l O l 

GREG-ATE 
N50 
MM 

r ‘1 O5 

mara- M 
@awadml 
IN boon. 

A’SIOGWLE 

NSULW 
F02 EMA 
Ki-Y 1Q 2172, 



Patent Application Publication Jul. 4, 2002 Sheet 11 0f 14 US 2002/0087500 A1 

I 

9&1 
UPDATE 



Patent Application Publication Jul. 4, 2002 Sheet 12 0f 14 US 2002/0087500 A1 

@ 
/ 90/ 

[3743.7 

UNI‘QJZL 
/. ow Rec.’ 

its WOD'I) 

909 
'DELEF ' 

New} 

‘? I 3 

new“? 
we») 1697 
am 

9 I7 

UMMMLK 
{9% EM 
M um: ’ 

9Z1 
UMMALK 
149/ pm! 
As aw?» 
MC; 

935 

wand“) 





Patent Application Publication Jul. 4, 2002 Sheet 14 0f 14 US 2002/0087500 A1 

F266 

\ 1364 A304 

1503 

FIG. /3 



US 2002/0087500 A1 

IN-MEMORY DATABASE SYSTEM 

FIELD OF THE INVENTION 

[0001] This invention relates generally to databases, and 
more particularly to enabling multiple concurrent read-only 
access to database records. 

COPYRIGHT NOTICE/PERMISSION 

[0002] Aportion of the disclosure of this patent document 
contains material Which is subject to copyright protection. 
The copyright oWner has no objection to the facsimile 
reproduction by anyone of the patent document or the patent 
disclosure as it appears in the Patent and Trademark Of?ce 
patent ?le or records, but otherWise reserves all copyright 
rights Whatsoever. The folloWing notice applies to the soft 
Ware and data as described beloW and in the draWing hereto: 
Copyright® 1997, Microsoft Corporation, All Rights 
Reserved. 

BACKGROUND OF THE INVENTION 

[0003] Existing database systems employ a database man 
ager that control reads and Writes on the database records to 
guarantee consistency of the data. A transaction issues a 
record request to the database manager Which is executed by 
sWitching betWeen the context for the transaction and that 
for the database manager, typically a very expensive opera 
tion in terms of processing cycles. The reverse context 
sWitch is performed When the database manager completes 
the request and returns data to the transaction. HoWever, 
When a transaction is only reading data and not making 
changes, the context sWitch introduces unnecessary over 
head and sloWs the processing of the read-only transaction. 

[0004] When the database manager immediately changes 
the data in the database in response to an update request, the 
database manager must reverse the changes using a rollback 
mechanism if the requesting transaction aborts. Therefore, in 
order to present a consistent vieW of the data to another 
transaction, the database manager either denies access to the 
changed data until the modifying transaction commits the 
changes, or permits the other transaction access to the data 
but must also rollback the other transaction if the modifying 
transaction aborts. The processing of read-only transactions 
is thus sloWed When they execute concurrently With trans 
actions that update common data. 

[0005] Therefore, a database system is needed Which 
permits read-only transactions direct access to data and 
Which presents a consistent vieW of data to a transaction 
Without the complications involved With standard rollback 
procedures. 

SUMMARY OF THE INVENTION 

[0006] The above-mentioned shortcomings, disadvan 
tages and problems are addressed by the present invention, 
Which Will be understood by reading and studying the 
folloWing speci?cation. 
[0007] An in-memory database system uses a shared 
memory to cache records and keys read from a database and 
controls the updating of the records and keys through a 
database manager process. When a transaction performs an 
update, the original, unmodi?ed data is preserved in the 
shared memory, the neW data is Written to the shared 
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memory, and a look-aside table for the transaction records 
the changes. A transaction performs read-only access to the 
shared memory using its oWn context While a versioning 
scheme based on the look-aside tables ensures a read 
committed isolation level vieW of the original, unmodi?ed 
data until the modifying transaction commits the update. The 
database manager is responsible for Writing the neW data 
into the shared memory and for maintaining the look-aside 
tables for all transaction Which have made modi?cations to 
the data in the shared memory. The database manager also 
Writes committed changes to the database and performs 
rollback on uncommitted changes in the shared memory 
using the entries in the look-aside table for the committing/ 
aborting transaction. The shared memory is divided into 
logical pages and short duration page latches are employed 
to maintain consistency on the page While a transaction or 
the database manager is reading or Writing data on the page. 

[0008] Amethod of controlling access to database records 
Which are stored in memory shared among multiple pro 
cesses is described as creating record and/or index entries in 
a look-aside table, preserving the original data in the shared 
memory, and alloWing a process access to the modi?ed data 
if a corresponding record and/or index entries exists in the 
look-aside table for the process. The method also performs 
rollback and abort processing using the look-aside table. 

[0009] The in-memory database system is described as 
having a plurality of clients Which manipulate data, a shared 
memory for caching the data, an in-memory database man 
ager that creates the look-aside table entries and Writes 
changes to the shared memory. The details of data structures 
and page latches used by the in-memory database system are 
given. A particular implementation of the in-memory data 
base system is also described. 

[0010] The present invention describes systems, clients, 
servers, methods, and computer-readable media of varying 
scope. In addition to the aspects and advantages of the 
present invention described in this summary, further aspects 
and advantages of the invention Will become apparent by 
reference to the draWings and by reading the detailed 
description that folloWs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 shoWs a diagram of the hardWare and 
operating environment in conjunction With Which embodi 
ments of the invention may be practiced; 

[0012] FIG. 2 is a diagram illustrating a system-level 
overvieW of an exemplary embodiment of the invention; 

[0013] FIGS. 3A and 3B are time line diagrams illustrat 
ing the interactions of tWo client processes operating in the 
exemplary embodiment shoWn in FIG. 2; 

[0014] FIG. 4 is a ?oWchart of a method to be performed 
by a client process according to an exemplary embodiment 
of the invention; 

[0015] FIGS. 5A, 5B, 5C, 6, 7, 8 and 9 are ?oWcharts of 
methods to be performed by a database manager process 
according to an exemplary embodiment of the invention; 

[0016] FIG. 10 is a diagram of a look-aside data structure 
for use in an exemplary implementation of the invention; 

[0017] FIG. 11 is diagram of a transaction data structure 
for use in an exemplary implementation of the invention; 
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[0018] FIG. 12 is a diagram of a single level hash table 
data structure for use in an exemplary implementation of the 
invention; and 

[0019] FIG. 13 is a diagram of a tWo level hash table data 
structure for use in an exemplary implementation of the 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0020] In the following detailed description of exemplary 
embodiments of the invention, reference is made to the 
accompanying draWings Which form a part hereof, and in 
Which is shoWn by Way of illustration speci?c exemplary 
embodiments in Which the invention may be practiced. 
These embodiments are described in suf?cient detail to 
enable those skilled in the art to practice the invention, and 
it is to be understood that other embodiments may be utiliZed 
and that logical, mechanical, electrical and other changes 
may be made Without departing from the spirit or scope of 
the present invention. The folloWing detailed description is, 
therefore, not to be taken in a limiting sense, and the scope 
of the present invention is de?ned only by the appended 
claims. 

[0021] The detailed description is divided into ?ve sec 
tions. In the ?rst section, the hardWare and the operating 
environment in conjunction With Which embodiments of the 
invention may be practiced are described. In the second 
section, a system level overvieW of the invention is pre 
sented. In the third section, methods for an exemplary 
embodiment of the invention are provided. In the fourth 
section, a particular implementation of the invention is 
described that operates as part of Microsoft Corp.’s Distrib 
uted Transaction Coordinator. Finally, in the ?fth section, a 
conclusion of the detailed description is provided. 

HardWare and Operating Environment 

[0022] FIG. 1 is a diagram of the hardWare and operating 
environment in conjunction With Which embodiments of the 
invention may be practiced. The description of FIG. 1 is 
intended to provide a brief, general description of suitable 
computer hardWare and a suitable computing environment in 
conjunction With Which the invention may be implemented. 
Although not required, the invention is described in the 
general context of computer-executable instructions, such as 
program modules, being executed by a computer, such as a 
personal computer. Generally, program modules include 
routines, programs, objects, components, data structures, 
etc., that perform particular tasks or implement particular 
abstract data types. 

[0023] Moreover, those skilled in the art Will appreciate 
that the invention may be practiced With other computer 
system con?gurations, including hand-held devices, multi 
processor systems, microprocessor-based or programmable 
consumer electronics, netWork PCs, minicomputers, main 
frame computers, and the like. The invention may also be 
practiced in distributed computing environments Where 
tasks are performed by remote processing devices that are 
linked through a communications netWork. In a distributed 
computing environment, program modules may be located 
in both local and remote memory storage devices. 

[0024] The exemplary hardWare and operating environ 
ment of FIG. 1 for implementing the invention includes a 
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general purpose computing device in the form of a computer 
20, including a processing unit 21, a system memory 22, and 
a system bus 23 that operatively couples various system 
components include the system memory to the processing 
unit 21. There may be only one or there may be more than 
one processing unit 21, such that the processor of computer 
20 comprises a single central-processing unit (CPU), or a 
plurality of processing units, commonly referred to as a 
parallel processing environment. The computer 20 may be a 
conventional computer, a distributed computer, or any other 
type of computer; the invention is not so limited. 

[0025] The system bus 23 may be any of several types of 
bus structures including a memory bus or memory control 
ler, a peripheral bus, and a local bus using any of a variety 
of bus architectures. The system memory may also be 
referred to as simply the memory, and includes read only 
memory (ROM) 24 and random access memory (RAM) 25. 
a basic input/output system (BIOS) 26, containing the basic 
routines that help to transfer information betWeen elements 
Within the computer 20, such as during start-up, is stored in 
ROM 24. The computer 20 further includes a hard disk drive 
27 for reading from and Writing to a hard disk, not shoWn, 
a magnetic disk drive 28 for reading from or Writing to a 
removable magnetic disk 29, and an optical disk drive 30 for 
reading from or Writing to a removable optical disk 31 such 
as a CD ROM or other optical media. 

[0026] The hard disk drive 27, magnetic disk drive 28, and 
optical disk drive 30 are connected to the system bus 23 by 
a hard disk drive interface 32, a magnetic disk drive inter 
face 33, and an optical disk drive interface 34, respectively. 
The drives and their associated computer-readable media 
provide nonvolatile storage of computer-readable instruc 
tions, data structures, program modules and other data for 
the computer 20. It should be appreciated by those skilled in 
the art that any type of computer-readable media Which can 
store data that is accessible by a computer, such as magnetic 
cassettes, ?ash memory cards, digital video disks, Bernoulli 
cartridges, random access memories (RAMs), read only 
memories (ROMs), and the like, may be used in the exem 
plary operating environment. 

[0027] A number of program modules may be stored on 
the hard disk, magnetic disk 29, optical disk 31, ROM 24, or 
RAM 25, including an operating system 35, one or more 
application programs 36, other program modules 37, and 
program data 38. Auser may enter commands and informa 
tion into the personal computer 20 through input devices 
such as a keyboard 40 and pointing device 42. Other input 
devices (not shoWn) may include a microphone, joystick, 
game pad, satellite dish, scanner, or the like. These and other 
input devices are often connected to the processing unit 21 
through a serial port interface 46 that is coupled to the 
system bus, but may be connected by other interfaces, such 
as a parallel port, game port, or a universal serial bus (USB). 
A monitor 47 or other type of display device is also 
connected to the system bus 23 via an interface, such as a 
video adapter 48. In addition to the monitor, computers 
typically include other peripheral output devices (not 
shoWn), such as speakers and printers. 

[0028] The computer 20 may operate in a netWorked 
environment using logical connections to one or more 
remote computers, such as remote computer 49. These 
logical connections are achieved by a communication device 
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coupled to or a part of the computer 20; the invention is not 
limited to a particular type of communications device. The 
remote computer 49 may be another computer, a server, a 
router, a netWork PC, a client, a peer device or other 
common netWork node, and typically includes many or all of 
the elements described above relative to the computer 20, 
although only a memory storage device 50 has been illus 
trated in FIG. 1. The logical connections depicted in FIG. 
1 include a local-area netWork (LAN) 51 and a Wide-area 
netWork 52. Such netWorking environments are 
commonplace in of?ces, enterprise-Wide computer net 
Works, intranets and the Internet. 

[0029] When used in a LAN-networking environment, the 
computer 20 is connected to the local netWork 51 through a 
netWork interface or adapter 53, Which is one type of 
communications device. When used in a WAN -netWorking 
environment, the computer 20 typically includes a modem 
54, a type of communications device, or any other type of 
communications device for establishing communications 
over the Wide area netWork 52, such as the Internet. The 
modem 54, Which may be internal or external, is connected 
to the system bus 23 via the serial port interface 46. In a 
netWorked environment, program modules depicted relative 
to the personal computer 20, or portions thereof, may be 
stored in the remote memory storage device. It is appreciated 
that the netWork connections shoWn are exemplary and other 
means of and communications devices for establishing a 
communications link betWeen the computers may be used. 

[0030] The hardWare and operating environment in con 
junction With Which embodiments of the invention may be 
practiced has been described. The computer in conjunction 
With Which embodiments of the invention may be practiced 
may be a conventional computer, a distributed computer, or 
any other type of computer; the invention is not so limited. 
Such a computer typically includes one or more processing 
units as its processor, and a computer-readable medium such 
as a memory. The computer may also include a communi 
cations device such as a netWork adapter or a modem, so that 
it is able to communicatively couple other computers. 

System Level OvervieW 

[0031] A system level overvieW of the operation of an 
exemplary embodiment of the invention is described by 
reference to FIG. 2. As shoWn in FIG. 2, an in-memory 
database system 200 comprises an in-memory database 
(IMDB) manager 201 and shared memory 202 in a computer 
such as local computer 20 in FIG. 1. The IMDB manager 
201 is responsible for reading and Writing records from a 
database 220 into and from shared memory 202 on behalf of 
a client process 210. Database 220 can be resident on the 
same computer as the in-memory database system 200 or 
can be located on a different computer such as remote 
computer 49 in FIG. 1. The client process 210 can reside on 
the same computer as the in-memory database system 200 or 
can execute on a different computer as long as the client 
process 210 can address the shared memory 202. 

[0032] Because the client process 210 can address the 
shared memory 202 through its context, the client process 
can directly access the records in shared memory 202 
Without having to call the IMDB manager. In the exemplary 
embodiment, the client process 210 has read-only access to 
the records and calls the IMDB manager to modify or delete 
an existing record or to create a neW record. 
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[0033] FIG. 3A is a time line diagram illustrating the 
interactions of tWo client processes in accordance With the 
exemplary embodiment of the invention. Each client process 
is represented by a database transaction Which performs 
operations on database records. In FIG. 3A, the tWo data 
base transaction access the same database employee record 
for an employee named “Smith.” The primary key for the 
employee records is the employee number Which in the case 
of employee Smith is “123.” The actions described beloW 
are divided among the transactions for the client processes 
and the IMDB manager 201 When one client process per 
forms modi?es a database record. 

[0034] Transactionl executes a retrieve command on the 
employee record “123” Which returns copy 301 of the 
employee record from shared memory 202 at time mark A1. 
If a copy of the record is not already in memory, the IMDB 
manager 201 reads a copy from the database 220 into shared 
memory 202. Transactionl modi?es the last name of the 
employee from “Smith” to “Jones” at time mark B1. 
Because the name change has not yet been committed by 
transaction1, the modi?ed record is not Written back to the 
database. Instead, the IMDB manager 201 creates a modi?ed 
copy 303 of the record in shared memory and sets a 
“modi?ed” ?ag 302 in the original copy 301 of the record in 
the shared memory. The IMDB manager 201 also creates a 
look-aside table 305 for transactions in transactionl’s con 
text, if one does not already exist, and creates a record entry 
306 in the look-aside table 305 Which points to the location 
of the modi?ed copy 303 of the record in shared memory. 
The look-aside table 305 is accessible only by transactionl 
and by the IMDB manager. 

[0035] When transaction1 Wants to re-read the record at 
time mark C1, transaction1 speci?es the key again and 
retrieves the original copy 301 from shared memory. 
Because the modi?ed ?ag 302 is set in copy 301, the 
transaction1 searches its look-aside table 305 and ?nds the 
record entry 306. Transactionl then retrieves the modi?ed 
copy 303 of the record using the information in the record 
entry 306 at time mark D1. When transaction1 commits its 
changes at time mark E1, the IMDB manager Writes all 
modi?cations speci?ed in transactionl’s look-aside table 
305 to the shared memory and to the database. The look 
aside table 305 is deleted after all the modi?cations have 
been committed. 

[0036] As shoWn in FIG. 3A, transaction2 is executing 
concurrently With transaction1. Transaction2 issues a 
retrieve command using key “123” at time mark A2 Which 
retrieves the copy 201 from shared memory. When transac 
tion2 next retrieves the record using the key “123” at time 
mark B2 after transaction1 has modi?ed the record, trans 
action2 reads the copy 301 from the database and recogniZes 
that the modi?ed ?ag 302 is set. Therefore, transaction2 
knoWs that changes to the record are pending and searches 
its look-aside table 310, if one exists, for a corresponding 
record entry. Because transaction1 Was responsible for the 
modi?cation, transaction2 does not ?nd a corresponding 
record entry and therefore continues its processing With the 
unmodi?ed copy 301 of the record. 

[0037] Once transaction1 has committed the changes (at 
time mark E1), a third read operation by transaction2 on key 
“123” (at time mark C2) returns the modi?ed copy 303 of 
the record in shared memory to transaction2. Note that 
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transaction2 sees an inconsistency between the information 
in the copy 301 of the record retrieved at time marks A2 and 
B2, and the copy 303 retrieved at time mark C2. The 
in-memory database system of the present invention guar 
antees consistency of read-committed transactions but does 
not guarantee consistency of read-repeatable or serialiZable 
transactions. 

[0038] Alternatively at time mark E1, transaction1 can 
abort and rollback the uncommitted changes using the 
information in the look-aside table. After rollback, the copy 
301 of the employee record in the shared memory appears as 
it Was at time mark A1, i.e., before transaction1 modi?ed it 
at time mark B1. Rollback processing is described in detail 
in the next section. 

[0039] Setting the modi?ed ?ag in old records reduces the 
number of accesses required on the look-aside tables. HoW 
ever, alternate embodiments in Which the modi?ed ?ag is not 
used are also contemplated as Within the scope of the 
invention. In these embodiment, the client process searches 
the look-aside table each time it retrieves a record from the 
shared memory. 

[0040] Furthermore, as one of skill in the art Will readily 
appreciate, various embodiments for the entries in the look 
aside table are possible. In the exemplary embodiment being 
discussed in this section, each record in shared memory is 
located using a record identi?er (RECID) speci?ed in the 
index entries for the record. The RECID is also used as a 
hash key to search for the corresponding record entry in the 
look-aside tables. When record is modi?ed, the IMDB 
manager hashes the RECID (OLDRECID) for the original 
record to determine Which record entry to use in the appro 
priate look-aside table. The RECID (NEWRECID) for the 
modi?ed record is Written into the entry. In the interest of 
clarity, FIG. 3A does not shoW the index entries since only 
non-key data is modi?ed in the example. 

[0041] FIG. 3B shoWs the same series of transactions 
When the employee name is the primary key for the 
employee records. Therefore, in FIG. 3B, the primary index 
for the employee table is shoWn to illustrate the actions taken 
a key is changed. 

[0042] As in FIG. 3A, a copy 301 of the employee record 
is read from shared memory at time mark A1, the record 
entry 306 pointing to the modi?ed copy 303 is created in 
look-aside table 305, and the modi?ed ?ag set in the original 
copy 301 at time mark B1. 

[0043] Because the primary key for the record has 
changed, at time mark B1 the IMDB manager also inserts a 
neW key entry 322 for “Jones” into the primary key index 
table 320 for the employee records. The neW key entry 322 
contains the neW RECID (NEWRECID) for the modi?ed 
record. The old entry 321 for “Smith” is marked as uncom 
mitted-deleted (UCD) While the neW entry 322 is marked as 
uncommitted-inserted (UCI). TWo index entries 307, 308 are 
also added to the look-aside table 305. Index entry 307 
contains an identi?er for the employee table 
(“EMPLOYEE”), an identi?er for the primary index 
(“NAME”), and the value of the deleted key (“SMITH”). 
Index entry 308 contains the identi?er for the employee 
table (“EMPLOYEE”), the identi?er for the primary index 
(“NAME”), and the value of the inserted key (“JONES”). 
The index entries are located by hashing on table identi?er, 
index identi?er, and key value. 
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[0044] At time mark C1, transaction1 issues a retrieve 
command on the employee record using the primary key 
“Smith.” The index entry 321 is marked as uncommitted 
deleted, so transaction1 uses the string “EMPLOYEE 
NAME-SMITH” to search its look-aside table 305 for a 
matching entry. Because a matching entry, in this case entry 
307, exists, transaction1 knoWs it is the modifying transac 
tion, so the primary key of “Smith” does not exist for it and 
no record is returned. Similarly When transaction1 issues a 
retrieve command on the employee record using the primary 
key “Jones” at time mark D1, it determines it is the modi 
fying transaction because entry 308 exists so it uses 
NEWRECID in the index entry 322 to retrieve the modi?ed 
copy 303 of the record (time mark E1). 

[0045] On the other hand, When transaction2 issues a 
retrieve command for the employee record using “Smith” at 
time mark B2, it determines that the primary key “Smith” is 
marked as uncommitted-deleted, and that it is not the 
modifying transaction since its look-aside table 310 does not 
contain a matching entry. The transaction2 can continue to 
use the original copy 301 of the record if the name modi 
?cation is not critical to its processing (time mark C2). 
Similarly, When transaction2 issues a retrieve command for 
the employee record using “Jones” at time mark D2, it 
determines that the primary key “Jones” is marked as 
uncommitted-inserted, and that is not the modifying trans 
action, so it treats they key as if it Were not in the index. 

[0046] A similar scenario takes place When a secondary 
key for a record is modi?ed. A transaction that is retrieving 
the record using the secondary key proceeds as described 
above for FIG. 3B Where the index table and the index 
entries are speci?c for the secondary key. For secondary 
indices that are not required to have unique key values, the 
exemplary embodiment of the IMDB manager combines the 
secondary key value With the primary key value to yield a 
unique key value. Other commonly used mechanisms to 
create unique keys for non-unique keys are equally appli 
cable and are Within the scope of the invention. 

[0047] After the secondary key is modi?ed, a transaction 
retrieving the record using the primary key reads the 
unmodi?ed copy of the record since the key entry in the 
primary key contains the OLDRECID. The modi?ed ?ag in 
the record alerts the transaction that a change to the data is 
pending. The transaction then uses the OLDRECID to 
search its look-aside table and retrieves the modi?ed copy if 
it ?nds a matching entry. 

[0048] The IMDB manager creates both index and record 
entries in the look-aside table When a record is deleted. The 
affected key entry in the each index table is marked as 
uncommitted-deleted, an index entry in each appropriate 
look-aside table keyed on the record table, index, and 
deleted key value is created, and a null record entry in each 
look-aside table is created so that hashing into the look-aside 
table using the OLDRECID indicates that the record is 
deleted. Similarly, When a record is created, the IMDB 
manager creates a neW key entry in the each index table 
marked as uncommitted-inserted and an index entry in each 
appropriate look-aside table keyed on the record table, 
index, and neW key value. A record entry is also created in 
the look-aside table Which contains the NEWRECID for the 
neWly created record; the record entry is hashed into using 
a null value. 
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[0049] Marking key entries as uncommitted-deleted or 
uncommitted-inserted reduces the number of accesses to the 
look-aside table in the same fashion as setting the modi?ed 
?ag in an old record. Alternate embodiments in Which the 
key entries are not so marked as contemplated as Within the 
scope of the invention. 

[0050] The system level overvieW of the operation of an 
exemplary embodiment of the invention has been described 
in this section of the detailed description. The IMDB system 
maintains data in the shared memory in both a neW, uncom 
mitted state resulting from a update function performed by 
a transaction, and in the original, committed state to provide 
versioning control for client processes. The IMDB system is 
predicated on tWo principals: 

[0051] 1. No record is updated (added, deleted or 
modi?ed) by more than one transaction at a time so 
that there is alWays only one uncommitted copy of 
any record in the shared memory; and 

[0052] 2. No key entry in an index is inserted or 
deleted by more than one transaction at a time so that 
there is alWays only one uncommitted copy of any 
unique key in the shared memory. 

[0053] While the invention is not limited to any particular 
set of transactions, for sake of clarity the modi?cation of a 
single record using a simpli?ed version of a look-aside table 
has been described. Alternate embodiments of the data 
structures for the look-aside table and the details of suitable 
hashing algorithms are described in section four. 

Methods of an Exemplary Embodiment of the 
Invention 

[0054] In the previous section, a system level overvieW of 
the operation of an exemplary embodiment of the invention 
Was described. In this section, the particular methods per 
formed by the clients and the IMDB manager of such an 
exemplary embodiment are described by reference to a 
series of ?oWcharts. The methods to be performed by the 
clients constitute computer programs made up of computer 
executable instructions. Similarly, the methods to be per 
formed by the IMDB manager constitute computer programs 
also made up of computer-executable instructions. Describ 
ing the methods by reference to ?oWcharts enables one 
skilled in the art to develop programs including instructions 
to carry out the methods on a suitable computer (the pro 
cessor of the computer executing the instructions from 
computer-readable media). 
[0055] The exemplary embodiment of a invention 
described by methods in the ?oWcharts of FIGS. 4-7 requires 
all index entries in the look-aside table to be unique. 
Because all secondary keys in a database may not be 
required to have unique values, the invention combines such 
secondary keys With the primary key for the record (Which 
is unique) to create a unique key for the corresponding 
secondary index entry in the look-aside table. Additionally, 
if a record has been deleted and then the same record is 
reinserted by a transaction before the deletion is committed, 
the index entries for the record’s keys in the appropriate 
look-aside table contain a NEWRECID for the reinserted 
record, Which is used When retrieving the record by the 
transaction that deleted and reinserted the record. The key 
entries in the index tables contain an OLDRECID for the 
original record, Which is used When retrieving the record by 
all other transactions. 
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[0056] Referring ?rst to FIG. 4, a ?oWchart of a method 
to be performed by a client according to an exemplary 
embodiment of the invention is shoWn. This method is 
inclusive of the acts required to be taken by the client When 
retrieving a record. 

[0057] The client uses an appropriate hashing algorithm, 
or other suitable method, to ?nd the key entry in the 
appropriate index table in shared memory (block 401). The 
key entry can be either a primary key for the record or a 
secondary key depending on the criteria speci?ed by the 
client in the retrieval command. The client next determines 
if the key entry has been changed. 

[0058] If the key entry in the index table is marked as 
uncommitted-deleted (UCD) (block 403) and uncommitted 
inserted (block 405), the client searches its look-aside table 
for a matching index entry (block 407). If a matching index 
entry is found (block 409), then the client uses the NEWRE 
CID in the index entry to read the copy of the record it 
reinserted (block 411). If a matching entry is not found at 
block 409, then the original key still exists for the client and 
the client uses the OLDRECID in the key entry in the index 
table to read the original copy of the record (block 413). 

[0059] If the key entry in the index table is marked as 
uncommitted-deleted (UCD) (block 403) but not uncommit 
ted-inserted (block 405), the client searches its look-aside 
table for a matching entry (block 415). If a matching entry 
is found, the client has deleted the key so the key does not 
exist for it and thus no record is retrieved. If a matching 
entry is not found (block 417), the original key still exists for 
the client and the client uses the OLDRECID in the key 
entry in the index table to read the original copy of the record 
(block 413). 
[0060] If the key entry is not marked as uncommitted 
deleted (block 403) but is marked as uncommitted-inserted 
(UCI) (block 419), the client searches its look-aside table for 
a matching index entry (block 421). If a matching index 
entry is found (block 423), the client knoWs that it is the 
transaction that inserted (modi?ed) the key and uses the 
NEWRECID in the index entry to read the modi?ed copy of 
the record from shared memory (block 411). If a matching 
index entry is not found at block 423, the client knoWs that 
another transaction modi?ed the key and has not committed 
the change so the key value does not exist for the client. 

[0061] If the key entry is not marked as either uncommit 
ted-inserted or uncommitted-deleted, the client reads the 
record from the shared memory using the RECID in the key 
entry (block 425). The client checks the modi?ed ?ag in the 
record to determine if any data has been changed (block 
427). If the modi?ed ?ag is set, then the client searches its 
look-aside table for a matching record entry (block 429). If 
a matching record entry is found (block 431), then the client 
knoWs it is the transaction that modi?ed the record, and uses 
the NEWRECID in the record entry to read the modi?ed 
copy of the record from the shared memory (block 411). If 
the client does not ?nd a matching record entry at block 431, 
the client knoWs that the unmodi?ed copy of the record read 
at block 425 is the copy that exists for it. 

[0062] The IMDB manager reads and Writes records from 
the database using commands speci?c to the type of data 
base used to store the records. For example, a relational 
database such as Oracle is accessed using standard SQL 
















