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Introduction

E
dward George Bulwer-Lytton was a nineteenth-
century English politician and author who coined 
the phrase, “The pen is mightier than the sword.” 
He is also famous for the suggestive opening 

phrase “It was a dark and stormy night” that appears in so 
many Peanuts comic strips by Charles Schulz.1 

In this essay, we first tell a silly story about deadlocks 
in the flowery style of Bulwer-Lytton. The story illustrates 
that there are many different opinions about how to handle 
deadlocks. We then take a more serious look at the theory 
behind deadlocks.

A Silly Story about Deadlocks (in the Flowery Style of 
Bulwer-Lytton)

It was a dark and stormy night; a coven of database 
administrators was gathered at the local watering hole, 
trading “big fish” stories (interlaced, like a concoction of 
couscous sprinkled with parsley, with the occasional “How 
I Trashed the Database” story) and quaffing the generous 
libations poured by the master of the house.

Suddenly the frantic shriek of a cell phone filled the air 
with a discordant cacophony that seemed to rend the very 
heavens.

The youngest database administrator pulled out his cell 
phone and read the message faster than any gunslinger from 
the Wild West ever drew his revolver and gunned down a 
jackdaw sitting atop a pine. “Why are they calling me about 
deadlocks?” he screamed at the dark and stormy heavens.

 “Don’t sit there whining while the entire database is 
deadlocked!” scolded a grizzled old graybeard. “Watch that 
database like a hawk! When I was a young feller, I single-
handedly managed many thousands of databases! You live in 
a country club by comparison!”

He tipped his head back and poured the rest of his beer 
down his throat. Then his face fell to the table and he began 
to snore.

“True! True! Well said!” chimed the cheery database 
administrator on his left. “At my previous company, we 
treated deadlocks like vermin and immediately killed the 

transaction that was causing the deadlock!”
“If deadlocks occur frequently, there is no need for cell 

phone messages,” said the serious database administrator on 
his right. “It would be sufficient to send out an email mes-
sage whenever a deadlock occurs.”

 “Bah! Humbug!” said the youngest database administra-
tor. Then, remembering his manners and his low ranking, 
he hastened to add, “God bless us, every one!”

The hour was getting rather late, so they shook the 
grizzled old graybeard awake and went their different ways, 
the youngest database administrator still grumbling under 
his breath.

By this time, the night was no longer dark or stormy, and 
a full moon filled the heavens with a softly glowing silver light 
that helped them fit their keys into the keyholes of their cars.

We trust that they all got home safely. God bless them, 
every one!

Seriously Speaking

There are many different opinions about how to handle 
deadlocks. To add to the confusion, Oracle reports the error 
in the “alert log” and creates a “trace file,” a treatment usu-
ally reserved for more serious errors such as “Cannot Extend 
Segment.” Here is the classic deadlock scenario:

1.  At Time T1, some transaction (let’s call it Transaction 
A) acquires an exclusive lock on some object (let’s call 
it Object O1) by changing it in some way or by reserv-
ing it for a future update (“SELECT FOR UPDATE”).

2.  At Time T2, another transaction (let’s call it 
Transaction B) acquires an exclusive lock on some 
other object (let’s call it Object O2) by changing it 
in some way or by reserving it for a future update 
(“SELECT FOR UPDATE”).

3.  At Time T3, Transaction A then tries to acquire 
an exclusive lock on Object O2 and is blocked 
by Transaction B. Transaction A now has to wait 
until Transaction B completes its transaction 
(“COMMIT”) or abandons it (“ROLLBACK”).

4.  At Time T3, Transaction B then tries to acquire 
an exclusive lock on Object O1 and is blocked 
by Transaction A. Transaction B now has to wait 
until Transaction A completes its transaction 
(“COMMIT”) or abandons it (“ROLLBACK”).

SQL CORNER

1 San Jose State University conducts an annual “bad writing competi-
tion,” in which contestants have to “compose the opening sentence 
to the worst of all possible novels.” The entire “Lyttony” of win-
ners since the competition was instituted in 1982 can be found at 
www.bulwer-lytton.com/lyttony.htm.
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Now, Transaction A and Transaction B are each waiting 
for the other to complete or abandon its transaction and are 
said to be “deadlocked.” Fortunately, Oracle automatically 
detects this scenario, picks one of the transactions as a vic-
tim and automatically rolls back its changes, thus allowing 
the more fortunate transaction to proceed.

It should be emphasized that Oracle has already resolved 
the deadlock, and there is nothing the database adminis-
trator needs to do after Oracle reports the problem. Every 
other database engine, including SQL Server and DB2/UDB, 
also exhibits this automatic behavior. This is unlike a plain-
vanilla blocking lock that has created a logjam in the data-
base and is forcing other transactions to queue behind 
it—a scenario that might require the intervention of a 
database administrator. Plain-vanilla locks are very com-
mon in database engines that force readers to block writ-
ers, but they are much rarer in the Oracle world because 
of “Read Consistency.” Be that as it may, our article only 
concerns itself with “deadlocks,” not “plain-vanilla blocking 
locks.”

What does a transaction have to do if it is picked as a 
victim in a deadlock scenario? The transaction will receive 
the error “ORA-00060 deadlock detected while waiting for 
resource,” indicating that it was picked as a victim and that 
all of its work has been rolled back. The transaction is free to 
try again, and there is a more-than-considerable chance that 
it will succeed the second time around.

It is easy to conceive of a deadlock involving three 
or more transactions (e.g., Transaction A is waiting on 
Transaction B, which in turn is waiting on Transaction C, 
which in turn is waiting for Transaction A). Once again, 
Oracle can detect the problem and will pick one transac-
tion as a victim. In mathematical language, a deadlock is a 
“cycle” in a “directed graph.”

Deadlock is a fairly common error in other database engines 
such as SQL Server and DB2/UDB for several reasons:

➤ Other database engines use in-memory “lock manag-
ers”; i.e., locks are maintained in memory instead of in 
the affected block (as in the case of Oracle).

➤ Other database engines use page-level locking; i.e., in 
order to conserve memory space in the lock manager, 
a whole page of records is automatically locked when a 
transaction intends to lock only a single record within 
the page.

➤ Other database engines use “lock escalation”; i.e., the lock 
manager promotes a transaction’s row or page locks to a 
table-level lock in order to conserve memory space if the 
transaction exceeds a predefined quota of locks.

In-Memory Lock Managers and Page-Level Locking

All database engines except Oracle enforce row locks using 
an in-memory lock manager. (Oracle, by contrast, enforces a 
row lock by updating the data page itself.) In order to con-
serve memory space, older versions of those database engines 
actually locked the entire data page, even if the transaction 
needed to lock only one row. This predisposes applications 
to deadlocks as illustrated by the following scenario:

1.  At Time T1, Transaction A requests an exclusive lock 

on a single row but an entire data page is locked 
instead, potentially locking many more rows than are 
actually required.

2.  At Time T2, Transaction B requests an exclusive lock 
on a different row on a different page and, as in the 
case of Transaction A, receives a lock on the entire 
data page in question, potentially locking many more 
rows than are actually required.

3.  At Time T3, Transaction A then requests an exclusive 
lock on a row in the data page locked by Transaction B.

4.  At Time T4, Transaction B then requests an exclusive 
lock on a row in the data page locked by Transaction A.

There is one scenario in which Oracle locks more rows 
than are required by a transaction. This occurs in the case 
of bit-mapped indexes because each entry in a bit-mapped 
index represents all rows that have the same value of the 
indexed column. Beware of bit-mapped indexes if the table 
in question is regularly updated.

In-Memory Lock Managers and Lock Escalations

The in-memory lock managers used by database engines 
other than Oracle are constrained by memory space. Once 
a transaction exceeds a pre-configured number of row or 
page locks on a single table, a table lock is acquired and the 
row or page locks are released. This is referred to as a “lock 
escalation.” This predisposes applications to deadlocks as 
illustrated by the following scenario:

1.  Transaction A requests a whole bunch of exclusive 
row locks on a single table.

2.  In parallel with Transaction A, Transaction B also 
requests a whole bunch of exclusive row locks on the 
same table.

3.  Transaction A then requests one lock too many on 
the same table. The lock manager then attempts to 
acquire a table lock on behalf of Transaction A and 
is blocked by Transaction B.

4.  Similarly, Transaction B requests one lock too many 
on the same table. The lock manager then attempts 
to acquire a table lock on behalf of Transaction B 
and is blocked by Transaction A.

And So We End the Ditty

Deadlock is very rare in the Oracle architecture (except 
perhaps in the case of bit-mapped indexes). Oracle there-
fore sees fit to treat it specially and record it in the database 
alert log. However, Oracle automatically resolves deadlocks 
by picking a victim and rolling back its changes. Therefore, 
there is nothing left for the database administrator to do 
when the error is recorded in the alert log. The transaction 
is free to try again if appropriate. If frequent errors (a sub-
jective term) are reported in the alert log, long-term fixes 
such as changes to the application design or physical data-
base design may be necessary. ▲

Iggy Fernandez is a Senior Database Administrator and 
possesses certifications for Oracle 8i, Oracle 9i, and Oracle 
10g. Feedback and comments on this article may be sent to 
iggy_fernandez@hotmail.com.




