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(57) ABSTRACT 

A bit-parallel system and method for allocating storage 
space for data objects using a bitmap. It is determined 
Whether a suf?x of free space bits in a previous bitmap Word 
can be used With a pre?x of free space bits in a current Word 
that is contiguous to the previous Word. If so, this renders a 
string of free space bits spanning multiple Words, and it is 
determined Whether the string represents a suf?ciently large 
number of contiguous blocks (“the target”) to store the data 
object. If not, it is determined Whether suf?cient contiguous 
free space bits in the current Word exist to ful?ll the target. 
If the target still can’t be achieved, the longest suf?x of free 
space bits in the current Word is found for possible use With 
the pre?x of the next contiguous Word, and the next Word is 
then retrieved and processed. The algorithm for ?nding the 
suf?x preferably is undertaken by considering bits in paral 
lel. 
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SYSTEM AND METHOD FOR ALLOCATING 
STORAGE SPACE USING BIT-PARALLEL 

SEARCH OF BITMAP 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to data storage sys 
tems that allocate storage space using bitmaps. 

[0003] 2. Description of the Related Art 

[0004] Storage systems, particularly systems that store 
data objects contiguously, often use bitmaps to represent and 
manage free space. Typically, the value of each bit in a 
bitmap represents Whether a unit of storage, e.g., a block, is 
free. Abit value of “1” in a free space bitmaps indicates that 
the block associated With the bit is free, and a value of “0” 
indicates that the block is not free. Of course, a used space 
bitmap Would reverse the free/not free values. 

[0005] Larger storage systems require larger bitmaps, With 
some bitmaps potentially including many pages. Each page 
in turn includes many “Words” of bits, With the Word siZe 
being a poWer of tWo and generally being equal to the 
register Width of the processor being used, e.g., 16 bits, 32 
bits, 64 bits, and so on. Thus, a processor can read up to the 
Word siZe number of bits in parallel. When it is time to 
allocate free space for a data object to be stored, the 
allocation processor searches the bitmap for a sequence of 
bits that represents free space Which is suf?ciently large to 
store the object. 

[0006] Bitmaps have several advantages over other man 
agement tools such as so-called “extent lists” and the “buddy 
system” disclosed by Knuth in T heArt of Computer Science, 
Vol. 1. For instance, bitmaps have the advantage of tWo-Way 
addressing, meaning that the block address of managed 
space can be used to locate the corresponding bit address in 
the bitmap and vice-versa. This makes the “liberation” of 
space Which is no longer required for storage relatively 
simple, and it also makes it relatively simple to extend an 
existing allocation in place. Moreover, bitmaps are self 
organiZing, in that searching for a range of storage is 
localiZed to the respective bits in the bitmap that represent 
the range of storage. Extent lists and buddy systems, in 
contrast, can become disorganiZed. Still further, bitmaps are 
inherently parallel, With one performance advantage over 
extent lists being that relatively simple latches can be used 
to synchroniZe multiple processes over bitmaps, Whereas 
extent lists require the use of more complex locks. Addi 
tionally, While the buddy system can quickly ?nd strings of 
bits representing free space (“gaps”), the gaps are con 
strained to be aligned With poWer of 2 boundaries, Which 
often results in undesirably splitting larger gaps into plural 
smaller gaps. This is not as robust as being able to exploit 
gaps of any siZe, and at any offset from a reference, a 
possibility the present invention understands is provided for 
by bitmaps. 
[0007] HoWever, the present invention observes that 
searching bitmaps for data object allocation purposes can be 
inef?cient. For instance, a linear search of a bitmap requires 
a ?xed number of steps to examine each bit, increasing the 
time it takes to ?nd an allocation. Also, previous systems 
such as the GPFS/Tiger Shark ?le system look in only a 
single bitmap Word for an allocation. As recogniZed herein, 
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some data objects might be suf?ciently large to require an 
allocation that cannot be represented by a single bitmap 
Word. Moreover, by limiting an allocation to spaces repre 
sented in only a single bitmap Word, an allocation that might 
span multiple contiguous Words that together have a con 
tiguous string of free space bits cannot be considered. The 
invention disclosed herein addresses one or more of the 
critical observations set forth above. 

SUMMARY OF THE INVENTION 

[0008] A general purpose computer is programmed 
according to the inventive steps herein to manage storage 
space in a storage system. The invention can also be 
embodied as an article of manufacture—a machine compo 
nent—that is used by a digital processing apparatus and 
Which tangibly embodies a program of instructions that are 
executable by the digital processing apparatus to execute the 
present logic. This invention is realiZed in a critical machine 
component that causes a digital processing apparatus to 
perform the inventive method steps herein. 

[0009] The invention can be implemented by a computer 
system including a data storage system having a bitmap of 
bits representing free and used space on a data storage 
medium, and a processor associated With a data storage 
system. The processor has logic for receiving a siZe of an 
object to be stored, With the siZe establishing a target number 
“k” of bits in the bitmap. The processor also has logic for, 
in a ?rst Word of bits in the bitmap, determining a suf?x 
sequence of bits When all bit values in the suf?x sequence 
are a predetermined value. In a second Word of bits in the 
bitmap, the processor logic determines a pre?x sequence of 
bits When all bit values in the pre?x sequence are the 
predetermined value. The logic of the processor returns an 
allocation for the object When the length of the pre?x and 
suf?x together equals at least the target number “k” of bits. 

[0010] In another aspect, a computer program device 
includes a computer program storage device that is readable 
by a processor. Aprogram is on the program storage device 
and includes instructions Which can be executed by the 
processor for using a bitmap to allocate space in a data 
storage system. The program includes computer readable 
code means for identifying a contiguous number of bits in 
the bitmap When each bit in the contiguous number has a 
predetermined value and When the number of bits in the 
contiguous number is at least as great as a target number “k” 
of bits. The contiguous number of bits span more than a 
single Word in the bitmap. 

[0011] In still another aspect, a computer-implemented 
method for identifying a target number “k” of storage blocks 
using a bitmap including Words of “W” bits each includes 
identifying, in a ?rst Word or Words, a suf?x having “s” 
contiguous bits. Each bit has a predetermined value, e.g., 
“high”. The method also includes identifying, in a second 
Word or Words contiguous to or near the ?rst Word or Words, 
a pre?x having “p” contiguous bits. Each bit in the pre?x has 
the predetermined value, and “p” and “s” together equal at 
least “k”. 

[0012] The details of the present invention, both as to its 
structure and operation, can best be understood in reference 
to the accompanying draWings, in Which like reference 
numerals refer to like parts, and in Which: 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a schematic diagram showing the system 
of the present invention; 

[0014] 
[0015] FIG. 3 is a table illustrating the operation of the 
gap search routine in a preferred implementation of the logic 
of FIG. 2; and 

[0016] FIG. 4 is a table that displays the results of the 
preferred gap search algorithms. 

FIG. 2 is a How chart shoWing the present logic; 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0017] Referring initially to FIG. 1, a system is shoWn, 
generally designated 10, for allocating data storage blocks 
on a data storage medium 12 having “N” total blocks of 
capacity. As set forth more fully beloW, a processor 14 
associated With the system 10 uses a bitmap of length “N” 
and Word siZe “W”, also symbolized herein as |W |, in 
accordance With a storage algorithm module 18 to ?nd a 
target number “k” of contiguous blocks in the storage 
medium 12 for storing a data object requiring the target 
number “k” of blocks. Each bit in the bitmap 16 represents 
a block in the storage 12 and indicates Whether the block is 
free or not. 

[0018] The system 10 can be a ?le system, database 
system, or other system that must allocate space for variable 
siZed data objects. The bitmap 16 can be free space bitmap, 
in Which case bits having values of “1” indicate that the 
associated blocks in the storage 12 are free, or the bitmap 16 
can be a used space bitmap, in Which case bits having values 
of “0” indicate that the associated blocks in the storage 12 
are free. Bits in the bitmap 16 are grouped into Words, each 
having a Word siZe “W”, i.e., each Word has “W” bits in it. 
The Word siZe “W” is generally equal to the register siZe of 
the processor 14. 

[0019] In one intended embodiment, the processor 14 
(computer) of the present invention may be a personal 
computer made by International Business Machines Corpo 
ration (IBM) of Armonk, NY, or the computer may be any 
computer, including computers sold under trademarks such 
as AS400, With accompanying IBM NetWork Stations. 

[0020] The How charts herein illustrate the structure of the 
logic embodied by the module 18 and eXecuted by the 
processor 14 as embodied in computer program softWare. 
Those skilled in the art Will appreciate that the How charts 
illustrate the structures of logic elements, such as computer 
program code elements or electronic logic circuits, that 
function according to this invention. 

[0021] Manifestly, the invention is practiced in its essen 
tial embodiment by a machine component that renders the 
logic elements in a form that instructs a digital processing 
apparatus (that is, a computer) to perform a sequence of 
function steps corresponding to those shoWn. 

[0022] In other Words, the How charts may be embodied in 
a computer program that is executed by a processor as a 
series of computer-executable instructions. These instruc 
tions may reside, for eXample, in a program storage device 
of the system 10. The program storage device may be RAM, 
or a magnetic or optical disk or diskette, DASD array, 
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magnetic tape, electronic read-only memory, or other appro 
priate data storage device. In an illustrative embodiment of 
the invention, the computer-executable instructions may be 
lines of compiled C++ compatible code. 

[0023] FIG. 2 shoWs the logic of present invention. Com 
mencing at block 20, When a request is received to store a 
data object requiring “k” contiguous blocks, With “k” 
accordingly being a target number of “k” contiguous bits in 
the bitmap 16, a loop is entered for the ?rst bitmap Word 
having a Word siZe “W” and an initial suf?X length “s” of 
Zero. Proceeding to decision diamond 22, it is determined 
Whether each one of the ?rst “M” bits of the Word have a 
predetermined value, e.g., a high value of “1” When the 
bitmap 16 is a free space bitmap. Per the present invention, 
“M” is the lesser of the Word siZe W and the difference 
betWeen the target number “k” and the suffix siZe s . 

[0024] When the test at decision diamond 22 is positive, 
the logic moves to decision diamond 24 to determine 
Whether the difference betWeen the target number “k” and 
the suffix siZe “s” is larger than the Word siZe “W”. It is to 
be understood that the determination made at decision 
diamond 24 can be undertaken by determining Whether 
[k-s] is greater than W or by determining Whether W is less 
than or equal to [k-s]. For the ?rst Word, the suffix siZe “s” 
is Zero and, assuming a relatively large object is to be stored, 
it is likely that the difference betWeen the target number “k” 
and the suf?X siZe “s” Will be larger than the Word siZe “W”. 
The logic accordingly Will proceed to block 26, Wherein the 
neW suf?X siZe “s” is set to the current suf?X siZe “s” plus 
the Word siZe “W”. The neXt Word (i.e., the Word that is 
contiguous to the Word under test) is retrieved at block 28, 
and the process loops back to decision diamond 22. In 
contrast, if the difference betWeen the target number “k” and 
the suf?X siZe “s” is not larger than the Word siZe “W”, the 
logic moves from decision diamond 24 to block 30 to return 
“found allocation” in any suitable manner knoWn in the art 
by identifying, returning, or otherWise indicating Which 
string of contiguous blocks in the storage 12, as represented 
by a string of contiguous “free” bits in the bitmap 16, are 
free for storing the object. 
[0025] Returning to decision diamond 22, When each one 
of the ?rst “M” bits of the Word under test do not have the 
predetermined value, the logic proceeds to decision diamond 
34. At decision diamond 34, it is determined Whether the 
target number “k” is less than or equal to the Word siZe “W”, 
i.e., Whether, failing the ?rst loop represented by states 
22-28, the object sought to be stored is suf?ciently small to 
be stored in blocks represented by the bits of the single 
bitmap Word under test. If so, the logic moves to decision 
diamond 34 to identify Whether any “k” consecutive bits in 
the Word under test all have the “free” value, and if so the 
allocation is returned at block 30. 

[0026] Failing both of the ?rst tWo logical loops, hoWever, 
the process neXt moves to block 36, Which essentially 
represents a third logical loop. At block 36, for the Word 
under test the longest suf?X is found of consecutive (con 
tiguous) “free” bits, and the number of bits in this suf?X is 
set equal to the suffix siZe “s”. The logic then retrieves the 
neXt Word at state 28, and then loops back to decision 
diamond 22. In this Way, “free” bits in contiguous Words can 
be stitched together to form an allocation. 

[0027] The above algorithm can be undertaken by eXam 
ining the bits of a Word serially or in parallel. For perfor 
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mance reasons, the parallel method is preferred. Accord 
ingly, a particularly preferred implementation that 
undertakes the logic of FIG. 2 is set forth beloW, using the 
folloWing terminology. Avariable “p” is the pre?x length in 
the current Word under test that is required to reach the target 
number “k”. Apage of the bitmap is labelled “W”. The page 
consists of a series of Words, W=W1, W2, W“, each of size 
|W|, so that the processor 14 can conduct logical and 
arithmetic operations against Words of size in unit time. 

[0028] For ease of understanding bit operations and dis 
playing bitmap contents in debuggers and programs, the 
algorithms beloW are in a big-endian memory (most signi? 
cant byte ?rst) With the bitmap bits being ordered so that 
they are sequential and increasing. Bitmap bits that have 
adjacent indices are adjacent in memory, Which facilitates 
vieWing and debugging bitmap contents. Also, in the big 
endian format the left and right shift operators (<<and >>) 
correspond to left and right shifts in registers and memory. 
Note that the shift operators are speci?ed to shift registers 
toWards the most and least signi?cant bit, not necessarily to 
the left and right physically. 

[0029] With the above in mind, the step of determining 
Whether a pre?X of a Word under test, When added to the 
suffix of the previous Word, equals the target “k” (i.e., the 
?rst loop of FIG. 2), can be undertaken by direct calculation. 
Speci?cally, given the target “k” and suf?X of the previous 
Word of length “s”, the pre?X length “p” must be of length 
p=k—s to ful?ll the requested allocation. To check for a 
length “p” pre?X in Word Wi, for any “p” less than |W|, it is 
determined Whether (1‘>>p)V Wi=1‘, Where 1‘ indicates a 
Word containing all free bits (high bits in a free space 
bitmap). If true, an allocation has been found at the target 
size starting at offset —(s mod in Word Wi'[S/|WH). The 
suffix “s” can be much larger than |W|, so that the allocation 
spans many Words. By shifting the vector of all ones right by 
p in the above equation, the algorithm creates the string of 
“p” zeros folloWed by ones. The Whole eXpression 
evaluates to “true” only When the ?rst “p” bits of Wi are 
ones—the desired pre?X. As discussed above in relation to 
FIG. 2, if the eXpression evaluates false and if k<|W|, the 
algorithm continues With the neXt step to ?nd a sequence of 
consecutive ones Within the current Word. Alternatively, as 
also described above and shoWn in FIG. 2, if “k” too large 
to ?t Within a single Word (k§|W|), searching Within the 
Word is not undertaken, and the third loop is entered at block 
36 to ?nd a neW suffix. 

[0030] For any pre?X “p” larger than |W|, targets larger 
than require an allocation across multiple Words. The 
present invention determines Whether the current Word 
describes available space, i.e., Whether Wi=1‘, and can thus 
contribute to the allocation. If so, as disclosed above “s” is 
incremented by the Word size and the pre?X search is 
undertaken on the neXt Word. 

[0031] With respect to hoW the preferred algorithm under 
takes the second loop of FIG. 2—?nding allocations smaller 
than that are contained Within a given Word—the algo 
rithm uses bit-parallel search techniques. In greater detail, if 
an allocation of the target size eXists, it starts at some offset 
betWeen 0 and |W|-k in Word Wi. To ?nd the allocation, the 
algorithm repeatedly shifts and “ands” the Word, using the 
Word and Word-Wide processor primitives to compute inter 
mediate results at all bit offsets concurrently. This portion of 
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the algorithm can be referred to as the “gap search” portion. 
FIG. 3 illustrates the operation of the gap search for an 
allocation of size 9. The algorithm proceeds in rounds. In 
each round, the algorithm shifts the result and “ands” the 
shifted value With the previous result. 

[0032] To search for a gap of size “k”, the preferred 
method conducts 1 g(k) rounds, With each round shifting the 
bits minimum(2R, k—2R), Wherein “R” is the number of the 
round from zero to [log2(k)]—1. In the eXample shoWn above 
in FIG. 3, the algorithm conducts 1 g(9)=4 rounds With 
shifts of 1, 2, 4, and (1=9—23). 

[0033] The “gap size” column describes hoW large a 
contiguous gap each bit in the Word represents. As the 
skilled artisan Will appreciate, for the original Word (a1, 
a2, . . . ), each bit corresponds to a unit allocation gap. For 

later rounds, looking at FIG. 3 clari?es the “gap size”. The 
bit d9 summarizes eight bits in the original Word. 

[0034] Since d9 is a conjunction of values from the pre 
vious rounds, a d9 value of one represents a string of eight 
consecutive ones in the original Word. To calculate the “gap 
size” for a round, the “shift” is added to the previous “gap 
size”. At the end of the search, the “gap size” alWays equals 
the target number “k”. 

[0035] At the termination of the gap search routine, the 
presently preferred parallel algorithm evaluates Whether a 
suitable gap eXists and locates the bit offset of such a gap. 
If no gap eXists, the algorithm continues to the third loop of 
FIG. 2, i.e., to calculate a suf?X. Any high bit in the result 
Word indicates that an allocation of the target size 
can be made in the original Word. To test this, the algorithm 
merely evaluates if W(R)=0. For non-zero ?nal result Words, 
to ?nd the offset of the ?rst high bit in the result Word, the 
algorithm performs binary search as indicated in the folloW 
ing pseudocode: 

size = size/2 

} While (size 21) 
return offset; 

[0036] The above search algorithm ?nds the leftmost high 
bit, corresponding to the ?rst gap in Which the target length 
can be allocated. The routine returns an offset Which corre 

sponds to the end of the found gap. To locate the start offset, 
the gap size less one is then subtracted. 
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[0037] The Way the preferred parallel algorithm under 
takes the ?nal loop of FIG. 2—?nding the suffix—is shoWn 
beloW in pseudocode: 

round —=1; 
} While ( round >= 0); 
return size; 

[0038] The above routine for ?nding the suf?x size draWs 
on the same concepts and reuses the results computed in the 
gap search routine. If the algorithm just completed the gap 
search routine, the result Words are reused. Labelling these 
Words by round, i.e. W(O) is the original Word and W(R) the 
result of round R. If these results are not available because 
the algorithm came directly from the pre?x routine, result 
Words W(R) are computed using as the target size. 

[0039] As the skilled artisan Will appreciate from the 
above pseudocode, the suf?x ?nding routine searches back 
Wards through the rounds using already computed values to 
extend the knoWn length of the suffix. The routine starts by 
considering the result of the latest round With a high right 
most bit. For notation, the latest round With a high rightmost 
bit is referred to as The nth bit Within W(L) is 
indicated by W(L)n. Similarly, the last bit is W(L)|W|_1. The 
folloWing example illustrates the suf?x ?nding routine. 

[0040] Assume the gap search algorithm looked for, but 
did not ?nd, a target of 16 for the rightmost bits of three 
different Words, With suf?xes of 8, 13, and 15. Call these 
examples E8, E13 and E15, respectively. FIG. 4 displays the 
results of the gap search algorithms for the rightmost 16 bits 
for each of the three original Words. The bits that the suf?x 
algorithm considers in each Word are underlined. For all 
three examples, the rightmost bit of W(3) equals one, 
implying that all three Words have a suf?x of at least 8. In 
all cases, the algorithm shifts its focus, indicated by the 
underlined bit, to the previous round W(2) and 8 bits to the 
left. The algorithm next examines bit W(2)|W|_9, Which is 
high for examples E15 and E13, and loW for E8. Since each 
bit in W(2) represents a gap of size 4, the knoWn suf?x 
length increases to 12 for examples E13 and E15. For E8 the 
knoWn length stays at 8. 

[0041] As shoWn in FIG. 4, upon encountering a loW bit, 
like E8 does, the focus of the algorithm shifts to the previous 
round, but remains at the same bit offset. For the remainder 
of its rounds, E8 remains at knoWn suf?x length 8. 

[0042] For E13 and E15, on the other hand, the focus shifts 
four bits to the left and to the previous round (W(1)|W|_13). 
This is Where examples E13 and E15 diverge. Bits in round 
1 represent gaps of size 2 and the knoWn length of the E15 
groWs by this to 14. Example E13 has a loW bit, cannot groW 
to 14, and consequently stays at knoWn length of 12. 

[0043] In the ?nal round, E15 again shifts it focus, this 
time tWo bits to the left, and E13 remains on the same bit, 
only changing its round. Both examples ?nd a high bit and 
increase their knoWn length by one. The suffix routine 
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terminates after examining the original Word W(0), having 
found suf?xes of size 8, 13, and 15 respectively. 

[0044] The suf?x ?nding algorithm shoWn in the second of 
the above-disclosed pseudocode routines Works backWards 
through the results Words of the gap search algorithm to 
determine the length of the suffix. It starts With round R(L), 
Which is the highest round With a high rightmost bit, i.e. 
W(L)|W|=1. The rightmost bit in round L indicates that the 
available suffix has minimum size 2]“, Moreover, the suf?x 
is smaller than 2L+1, because the rightmost bit in W(L+1)is 
loW. Accordingly, the shift in round L is alWays a full shift 
(size 2L rather than k—2L) so that bits represent gaps of 
length 2L. 

[0045] The algorithm iteratively re?nes the possible 
length of the suffix by looking in loWer rounds. In round 
L-1, if bit W(L—1)|W|_2L_1 is high, the suf?x is at least 
2L+2L’*1=3(2L_1) in length, and if it is loW, the suffix is at 
most 3(2L_1)—1 in length. The bit W(L—1)|W|_2L_1 represents 
the 2L“1 contiguous bits that precede the current 2‘ bits of the 
suf?x. 

[0046] While the particular SYSTEM AND METHOD 
FOR ALLOCATING STORAGE SPACE USING BIT-PAR 
ALLEL SEARCH OF BITMAP as herein shoWn and 
described in detail is fully capable of attaining the above 
described objects of the invention, it is to be understood that 
it is the presently preferred embodiment of the present 
invention and is thus representative of the subject matter 
Which is broadly contemplated by the present invention, that 
the scope of the present invention fully encompasses other 
embodiments Which may become obvious to those skilled in 
the art, and that the scope of the present invention is 
accordingly to be limited by nothing other than the appended 
claims, in Which reference to an element in the singular 
means “at least one”. All structural and functional equiva 
lents to the elements of the above-described preferred 
embodiment that are knoWn or later come to be knoWn to 
those of ordinary skill in the art are expressly incorporated 
herein by reference and are intended to be encompassed by 
the present claims. Moreover, it is not necessary for a device 
or method to address each and every problem sought to be 
solved by the present invention, for it to be encompassed by 
the present claims. Furthermore, no element, component, or 
method step in the present disclosure is intended to be 
dedicated to the public regardless of Whether the element, 
component, or method step is explicitly recited in the claims. 
No claim element herein is to be construed under the 
provisions of 35 U.S.C. §112, sixth paragraph, unless the 
element is expressly recited using the phrase “means for”. 

We claim: 

1. A computer system, comprising: 

a data storage system having a bitmap of bits representing 
at least free space on a data storage medium; and 

at least one processor associated With a data storage 
system, the processor having logic for undertaking 
method acts comprising: 

receiving at least a size of an object to be stored, the 
size establishing a target number “k” of bits in the 
bitmap; 
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operating on bits in parallel, in a ?rst Word of bits in the 
bitmap, determining a suf?x sequence of bits When 
all bit values in the suf?x sequence are a predeter 
mined value; 

in a second Word of bits in the bitmap, determining a 
pre?x sequence of bits When all bit values in the 
pre?x sequence are the predetermined value; and 

returning an allocation for the object When the length of 
the pre?x and suf?x together equals at least the target 
number of bits. 

2. The system of claim 1, Wherein each Word de?nes a 
Word siZe “W”, and the method acts undertaken by the logic 
further include: 

(a) determining Whether each one of a ?rst number of bits 
in a Word has the predetermined bit value, the ?rst 
number being the minimum of: the Word siZe “W”, and 
the difference betWeen the target number “k” and a 

(b) if each one of the ?rst number of bits has the 
predetermined bit value, determining Whether the dif 
ference betWeen the target number “k” and suf?x siZe 
“s” is greater than the Word siZe “W”, and if so, 

(c) setting the suf?x siZe “s” to be equal to the suffix siZe 
“s” plus the Word siZe “W”, and otherWise returning 
“found allocation”. 

3. The system of claim 2, Wherein the method acts 
undertaken by the logic further include: 

(d) When the difference betWeen the target number “k” 
and suf?x siZe “s” is greater than the Word siZe “W”, 
retrieving the next contiguous Word in the bitmap and 
repeating acts (a)-(c). 

4. The system of claim 2, Wherein the method acts 
undertaken by the logic further include: 

(e) When it is determined at act (a) that the ?rst number of 
contiguous bits is not in the Word, determining Whether 
the target number “k” is greater than the Word siZe “W”, 
and if so, 

(f) ?nding a longest suf?x of consecutive bits each of 
Which bits has the predetermined value, the longest 
suf?x de?ning a suf?x siZe, and then retrieving a next 
Word in the bitmap and repeating acts (a)-(c); 

(g) When it is determined at act (e) that the target number 
“k” is not greater than the Word siZe “W”, determining 
Whether each one of “k” consecutive bits in the Word 
has the predetermined value, and if so, returning “found 
allocation”, and otherWise undertaking act 

5. A computer program device comprising: 

a computer program storage device readable by a proces 
sor; and 

a program on the program storage device and including 
instructions executable by the processor for using a 
bitmap to allocate space in a data storage system, the 
program comprising: 

computer readable code means for identifying a con 
tiguous number of bits in the bitmap When each bit 
in the contiguous number has a predetermined value 
and When the number of bits in the contiguous 
number is at least as great as a target number “k” of 
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bits, the contiguous number of bits spanning more 
than a single Word in the bitmap. 

6. The computer program device of claim 5, Wherein the 
means for identifying operates on bits in parallel. 

7. The computer program device of claim 5, Wherein the 
means for identifying operates on bits in series. 

8. The computer program device of claim 5, Wherein the 
target number of bits “k” is established by the siZe of an 
object to be stored. 

9. The computer program device of claim 8, further 
comprising: 

computer readable code means for determining a suf?x 
sequence of bits in a ?rst Word of bits in the bitmap 
When all bit values in the suf?x sequence are a prede 
termined value; 

computer readable code means for determining a pre?x 
sequence of bits in a second Word of bits in the bitmap 
When all bit values in the pre?x sequence are the 
predetermined value, the ?rst and second Words being 
contiguous to each other; and 

computer readable code means for returning an allocation 
for the object When the length of the pre?x and suf?x 
together equals at least the target number “k”. 

10. The computer program device of claim 9, Wherein 
each Word de?nes a Word siZe “W”, and the device further 
comprises: 

computer readable code means for determining Whether 
each one of a ?rst number of bits in a Word has the 
predetermined bit value, the ?rst number being the 
minimum of: the Word siZe “W”, and the difference 
betWeen the target number “k” and a suf?x siZe “s”; 

computer readable code means for, if the ?rst number of 
bits have the predetermined bit value, determining 
Whether the difference betWeen the target number “k” 
and suf?x siZe “s” is greater than the Word siZe “W”; 
and 

computer readable code means for setting the suf?x siZe 
“s” to be equal to the suf?x siZe “s” plus the Word siZe 
“W” When the difference betWeen the target number “k” 
and suf?x siZe “s” is greater than the Word siZe “W”. 

11. The computer program device of claim 10, Wherein 
the device further includes: 

computer readable code means for, When the difference 
betWeen the target number “k” and suf?x siZe “s” is 
greater than the Word siZe “W”, retrieving the next 
contiguous Word in the bitmap. 

12. A computer-implemented method for identifying a 
target number “k” of storage blocks using a bitmap including 
Words of “W” bits each, comprising: 

identifying, in at least a ?rst Word or Words, a suf?x 
having “s” contiguous bits, each having a predeter 
mined value; and 

identifying, in at least a second Word or Words contiguous 
to or near the ?rst Word or Words, a pre?x having “p” 
contiguous bits, each having the predetermined value, 
Wherein “p” and “s” together equal at least “k”. 

13. The method of claim 12, Wherein the act of identifying 
a suf?x is accomplished by considering the bits of a Word in 
parallel With each other. 
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14. The method of claim 12, wherein the act of identifying 
a pre?x is accomplished by considering the bits of a Word 
directly. 

15. The method of claim 12, Wherein each Word de?nes 
a Word siZe “W”, and the method further comprises: 

(a) determining Whether each one of a ?rst number of bits 
in a Word has the predetermined bit value, the ?rst 
number being the minimum of: the Word siZe “W”, and 
the difference betWeen the target number “k” and a 

(b) if each one of the ?rst number of bits has the 
predetermined bit value, determining Whether the dif 
ference betWeen the target number “k” and suf?X siZe 
“s” is greater than the Word siZe “W”, and if so, 

(c) setting the suf?X siZe “s” to be equal to the suffix siZe 
“s” plus the Word siZe “W”, and otherWise returning 
“found allocation”. 

16. The method of claim 15, Wherein the method further 
comprises: 

(d) When the difference betWeen the target number “k” 
and suf?X siZe “s” is greater than the Word siZe “W”, 

Jan. 16, 2003 

retrieving the neXt contiguous Word in the bitmap and 
repeating acts (a)-(c). 

17. The method of claim 15, Wherein the method acts 
further comprise: 

(e) When it is determined at act (a) that the ?rst number of 
contiguous bits is not in the Word, determining Whether 
the target number “k” is greater than the Word siZe “W”, 
and if so, 

(f) ?nding a longest suffix of consecutive bits in the Word 
each of Which bits has the predetermined value, the 
longest suf?X de?ning a suf?X siZe, and then retrieving 
a neXt Word in the bitmap and repeating acts (a)-(c); 

(g) When it is determined at act (e) that the target number 
“k” is not greater than the Word siZe “W”, determining 
Whether each one of “k” consecutive bits in the Word 
has the predetermined value, and if so, returning “found 
allocation”, and otherWise undertaking act 


