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Abstract: External single-input single-output sorts can
use multiple processors each with a large tournament
replacement-selection mn memory, and each with private
disks to sort an input stream 1n linear elapsed time Of
course, increased numbers of processors, memories, and
disks are required as the wnput file size grows This paper
analyzes the algorithm and reports the performance of an
implementation

1. Introduction

Although external sorting algorithms have been studied
extensively, recent advances in computer architecture have
made many of these algonithms obsolete For example, the
leading source for state-of-the-art 1n 1973 [Knuth] devotes
over one hundred pages to sorting data kept on tapes, while
only fifteen pages discuss the use of disks and drums
Knuth’s discussion of disk sorting assumes no overlap
between reading, writing and computing, and 1t assumes
main memory 1s about 100 Kilobytes No parallelism 1s
considered Today, external data is typically stored on
magnetic disks rather than tape and large main memornes
(tens of megabytes) are common

Parallel algorithms can sort very large files 1n linear elapsed
tume by using multiple disks and multiple processors
connected via an efficient local area network Such methods
scale up, that 1s, their processing rate does not degrade as
files get larger -- although they will require more processors
and disks to store and process the larger files

FastSort 1s an example of a parallel external sort It exe-
cutes on a loosely-coupled (shared-nothing) network of
processors Each processor, here called a sute, has 1ts own
main memory of up to 128 Megabytes, and its own disk
drives, which are dedicated to sorting for the purpose of this
discussion The processors are connected by a local area
network [Uren]

FastSort assumes that the unsorted source file 1s at one site
and sorts that file to another site Partitions of the file may
be shipped to intermediate sites for processing The
intermediate sites sort therr parts 1n parallel
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The next section outhines FastSort and classifies 1t using
Graefe's taxonomy Section 3 analyzes the method used to
produce sorted runs, and Section 4 looks 1n detail at the
merging process Section 5 gives experimental results

2. Outline of FastSort

FastSort can be described using the taxonomy proposed by
Graefe for distributed external sorting [Graefe] He uses six
factors to classify sorting methods

1 Whether the nput 1s read from one source (single mnput)
or 1s distributed over several sites (multiple-input) and
whether the output 1s wnitten to one destination (single-
output) or to many (multiple-output)

How many times the data 1s shipped from site to site
Whether whole records or only keys and record IDs are
moved

What main memory sorting method 1s used to create
sorted runs

How sorted runs are merged

‘Whether the sorted runs are created before or after the data
1s moved between sites (This only applies to multiple-
nput sorting algorithms )
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2.1 FastSort: Single-Input Single-Output Sort

FastSort sequentially reads the mput file to be sorted This
access 1s done as a single stream Similarly, FastSort writes
a single output steam So, 1t 1s a single-input and single
output sort.

FastSort's input and output are typically disk-resident files,
but may be any devices (tape, network line, etc ), or any
processes (typically the input or output of a relational
operator) FastSort can consume and produce files and tables
which are partitioned among sites, but 1t does this by
sequentially accessing a single logical table which the
underlying system transparently maps onto partitions dis-
tributed 1n the network

It 1s sometimes best to partition a file among several sites
In this case, the partitions of the file can be read and
processed 1n parallel For example, to build a B-tree index
on a large file partitioned among many disks, several
processes might be started to sort each partition of the file
and then a parallel merge could combine these sorts into a
partitioned index Similar 1deas apply to using sorts for
parallel query exacuion GAMMA [DeWitt] and Volcano
[Graefe] implement this approach FastSort does not yet
have these optimizations



2.2 Records are Shipped Twice

FastSort ships each record to another site twice -- first the
source 1s sent to the sub-sort sites and then the sub-sorts
each send a sorted stream to the target site This data
movement and the creation of sorted runs at the subsort sites
1s concurrent with the processing of the file at the source and
sub-sort sites

The mnput file 1s generally stored 1n a format unsuitable for
sorting The 1nput 1s read into the main memory at the
source site and reformatted into a message buffer, discarding
unwanted records and record fields The resulung buffer 1s
then sent across the network to the next round-robin subsort
site  The source site processing 1s the limiting factor during
the first phase It does not exploit parallel processing The
reading and reformatting work takes about ten nstructions
per byte and so, on the 3MIPS processors discussed here,
Limats FastSort to processing the mnput file at 300KB/sec (a
rate of 270KB/sec has been observed)

Each subsort site sorts the data as 1t arrives from the source
If the sorted data will not fit 1n main memory, the data
overflows to disk as a set of sorted runs

The output phase begins after the input has all been read,
compressed, distributed to the subsorts, and sorted by them
mnto one or more runs The sorted runs at a given site are
merged 1n one pass and the result 1s shipped to the
destination site The destination site performs a supermerge
of the streams from the subsort sites to produce a sorted file
which 1s stored on the destination disk(s) Again, 1n this
merging phase, the data transfer and the merging at the
subsort sites are concurrent with the processing at the
destination site  Figure 1 gives an overview of the process
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Figure 1. The data flow of FastSort The data moves from
disk to memory (1), 1s compressed (select and project) as 1t 1s
moved to network output buffers of each subsort (2), 1s sent
over the network to the subsort sites (3), the subsorts use a
replacement-selection sort to produce sorted runs (4), which are
sequentially written to disk (5) After all runs have been
created, they are read from disk by the subsorts (6), merged into
a smgle run (7), and sent across the network to the destination
(8) The destination does a supermerge of the subsort runs (9)
and writes the sorted result to external media (10)
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FastSort allocates enough memory so at most two passes
over the data are needed, a pass to generate runs and a pass to
merge them  As shown later (Section 4 1), the required
sorting memory 18 proportional to the square root of the file
size Table 1 gives typical sorting memory sizes for various
file sizes for single-site processing

Table 1: Typical memory requirements vs file size for a 2-

pass sort
Input File Size Memory Size
1IMB 0 1MB
100MB 1IMB
10GB 10MB
1TB 100MB

2.3 Record versus Key Sort

FastSort 1s a record sort, 1n the sense that whole records
(after mnput projection and selection) are moved about the
network for processing, rather than just moving the record
keys

To give an example of a key sort, Lone [Lone] after sorted
runs have been made at the input sites, merges key-and-site
identifier pawrs 1n parallel at several sites A list of site
identifiers (indicating, for example, that the first record 1s to
come from site 35 and the second from site 12 and the third
from site 24 and so forth) 1s sent to the destination site so
that no key comparisons are done at the destination site

For FastSort, key compansons made at the destination site
are not a bottleneck because, 1n most cases, 1t need only
merge a small number (2 to 16) of runs (see Table 2 in
section 4 3). The merge needs at most four compares per
record These comparisons take less time than the network
and disk overhead for moving the record

2.4 Main Memory Sorting Method

Replacement selection [Knuth] 1s used to create the sorted

runs The basic advantages of replacement selection are

twofold.

1 Sorted runs are twice memory size on average

2 Sorting 15 done incrementally and concurrent with mnput
and output That 1s, by the time all the mnput records have
been read and shipped to subsort sites, all the sorted runs
except the last in memory have been created and stored on
local disks at the subsort sites It 15 not necessary to wait
to fill memory before the sorting can begin

Main memory sorting 1s further explained 1n Section 3
2.5 Intermediate Files

If a subsort site can sort all its data entirely in main
memory, 1t does so If not, subsort sites store sorted runs
on their local disks The sorted runs are then read off the
local disk at each subsort site and merged at the subsort site
before being shipped to the destination site



As explamed 1n Table 1, FastSort acquires enough memory
and adds enough sites so that only one merge pass 1s needed
at each subsort site

2.6 Summary

FastSort 1s a single-input single-output external parallel
sort Records are moved from the wnput site to several
subsort sites Replacement selection with at most one
merge pass 1s performed at each subsort site  The sorted
streams from each subsort site are sent to a destination site,
where a supermerge takes place, creating the sorted file

3. Replacement Selection

Replacement selection (based on a tournament or heapsort
algorithm) produces runs that are twice memory size on
average [Knuth] This ability to produce long runs 1s a
principle reason for using replacement selection

A second benefit of replacement selection 1s that 1t can
execute concurrent with mput and output Most nternal
sorting methods do not allow the overlap of processing with
mput and output For example, if Quicksort 1s used to
create sorted runs, all the records must be read into memory
before the sort can begin Then sorting takes place 1n
memory and the sorted run 1s wntten to disk Then the
records for the next sorted run are read into memory, and so
forth Sorting cannot be concurrent with input and output 1f
runs are to be memory-sized If shorter runs are acceptable,
concurrency 1s possible Beck et al [Beck] manage to
"overlap" Quicksort, by using only half of the memory for
the sort while reading in the next run to be sorted to the
other half of memory This produces runs of half-memory
size and so four times as many runs to merge when
compared to replacement-selection sort. This in turn affects
the merge memory and computation requirements (see
Section 4 1)

3.1 Replacement Selection Sorting

As mput records arrive, they are added to heap storage
which 1s arranged to accomodate vanable length records
These new records are conceptually “placed” in the empty
leaves of a binary tree arranged as a tournament The interior
nodes of the binary tree each represent a record whose key 1s
the max of the keys of its children. The leaf nodes do not
consume storage space, their parents point directly at the
records The interior nodes contan pointers to the two
children nodes/records, and a pointer to the "winning” record
at that tournament node The record with maximum key 1s
pointed to by the root of the tree, and the winner of each
subtree 15 addressed by the root of that subtree (see Figure
2)

Keys of new records are moved up by comparisons with
siblings until they are on the correct level of the tree  With
n records, the height of the tree 1s [log n] So at most
[log n Jcomparisons are made at each cycle For example, a

tree of height 16 can hold up to 216 records and each new
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arrtval requires at most 16 comparisons during tree
construction and at most 16 comparisons during
replacement

INPUL

Figure 2: A replacement-selection sort showing input
records entering the root of a sorting tree and the record with
maximum key at the root of the tree  Each node has a pointer
to 1ts two children and a pomter to the record “at” that node of
the tournament The records themselves are stored m a
separate area (not shown) until they move to the output
buffer. The illustration shows the keys at the nodes, actually
the nodes only store pointers to the records, and the keys are
found inside the records Note that two records have key 25

3.2 Concurrent Processing and Input Output

After the largest possible tree 1s constructed 1n memory,
records begin to overflow to disk-resident runs  The runs are
wrtten sequentially by moving the record corresponding to
the key 1n the root of the tree to the output buffer This
creates a hole at the leaf and holes on the path from the leaf
to the root A new record 1s mserted from the mnput at this
leaf hole, and the algonthm recursively fills the parent of
this leaf with a pointer to the maximum of the two siblings

Ths 1s 1llustrated in Figure 3

INPUT 42

Figure 3 The new state of the sorting tournament after a
record with key 42 has arrived to fill the vacancy left by
moving the root record to the output buffer

If the key of the new record 1s larger than the root 1t
replaced, the new record "breaks the run", that 1s the new
record starts a new run  Such records are marked with a new
run wdentifier (one bt only 1s needed) and do not participate
n the current tournament Only nodes of the current
tournament occupy 1nterior nodes of the tree This 1s
llustrated in Figure 4
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the sorting heap for the supermerge (half of step 8
and all of step 10 in Fagure 1).

Paisk  sequential disk I/O rate (bytes per second)

tseek  disk seek ttme (ms )

Ngies number of sites

tcompare time to compare keys and copy one pointer
(seconds)

npuns  number of runs at each site

B the blocksize, the number of bytes transferred n a

disk 10 or message

Figure 4 When a new record arnves which 1s larger than the
root, 1t “breaks” the ran The new record starts a new tour-
nament For example a record with key 99 arrived, and since
1t was larger than the key of the mmimum key 1 the output
buffer, this new record does not participate in the current
tournament

As the process continues, the second run takes up more and
more space 1n the sorting heap Finally, all the records i
the tree are for the second run Then the process begins
again

Reading the mput and wnting the output 1s a purely
sequential operation (no disk seeks) and so can proceed at
disk device speed Overlapping of input, output and sorting
can be accomplished by double buffering both the input and
the output While the records from one input buffer are
being processed, the other input buffer 1s used to read the
next set of records While records move from the root of the
sorting heap to one output buffer, the previous output buffer
1s written to disk The next question to ask 1s whether or
not there 1s enough fime to process the records of one input
buffer while the other mput buffer 1s being read

3.3 Analysis of Subsort Run Generation
Performance

In order to analyze the performance of FastSort and show
how the timing works out, we need to establish some
notation,

NOTATION
F size of file m bytes
R record size 1 bytes

Rrecords humber of records 1n the file

M memory space used for sorting at each site (bytes)

Psource Tate 1n bytes/second of moving data from disk to
network at source site (steps 1, 2, and half of 3 in
Figure 1)

Psubsort Tate 1 bytes/second of moving data from network

to disk or from disk to network at subsort site

excluding the management of the sorting heap (half

of step 3, all of step 5, or conversely all of step 6

and half of step 8 in Figure 1)

rate 1n bytes/second of moving data from network

to disk at target site excluding the management of

Prarget
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The previous section explamned how the subsort tournament

18 1s filled from the mnput buffers If the processor 1s not

fast enough to move the contents of an input buffer through

the tournament, before the next mput buffer arnives, there are

two alternatives’

1. Reduce the tournament size, thereby reducing the number
of compares

2. Reduce the mput rate by increasing the number of pro-
cessors and subsorts

Consider these alternatives 1n turn,

3.3.1 Reducing the Size of the Tournament

Reducing the tournament size reduces the processing time
for mnsering a new record  Reducing the tournament size
by a factor of 2 saves one compare Since the height of the
tournament 1s typically between 15 and 20, this 1s a small
savings for a big change (7% benefit for a 100% change)
Decreasing the memory used also decreases the average size
of the sorted run, and thus increases the number of sorted
runs to be merged at the subsort site. Conversely, the
tournament can be made much larger and still not be cpu
bound if the record arnival rate 15 slow enough To discuss
the tradeoff for optimal tournament size, the cost for
mserting records 1n the tournament 1s computed as follows

Each tournament node has two 4-byte child pointers and a 4-
byte pomnter to the record “at” that node  So each node
occupies 12 bytes Each site has M bytes of tournament
memory The height of the tree 1s [log( Rillzﬂ The
amount of time 1t takes to place the key-and-ponter pairs for
anew record 1n the tournament 1§

insert ime = tcompa,eﬁog (1%12)7 seconds §))

3.3.2 Increasing the Number of Subsort Sites

Doubling the number of subsort sites cuts the mnput rate in
half This slow-down gives each subsort more tume to
process each record In particular

bytes/second

local input rate :our €
t

@
sites
1s the input rate from the point of view of a subsort site, and
the record arrival interval at a subsort site 15
R

subsort record arrival interval = ————————
Psource/lsites



R nates o ondsjrecord G)

Psource

To avoid the subsorts being cpu bound, the time between
record arrivals must exceed the time needed to insert that
record 1 the tournament and move another record to the
output buffer and disk (see Figure 1) That 1s, using (1) and

€)

R nsites M R
——sies 5 log (v—7) |+ ——— 4
Psource = P are[ o8 (R +12 ) Psubsort @
equivalently,
M
(tcompare/-bg (R+12 )1 1
Rsite 2 Psource R + Dsubsort )

Given M, this mequality yields the minimum number of
sites needed to prevent the subsorts from being the bottle-
neck Note that ngy.s does not depend on the size of the
file Sites can be added to slow the subsort mput speed
arbitranly ‘This allows time to process the records 1n huge
tournaments (huge memones) All the available memory
can be used for the tournament without berng cpu imited iof
enough subsorting sites are used

Adding subsort sites 1s more effective than adjusting the
tournament size when balancing subsort processing time
against the rate of the source and target sites -- going from 3
to 4 subsorts cuts the per-site processing load by 33%

One would have to go from a 16-level tournament (~6MB)to
an 11-level tournament (~200KB) to get a similar reduction
by reducing the tournament size. Adding subsort sites also
adds memory to the sorting and merging process This
contributes to the ability to sort the file 1n two passes (see
Table 1) If massive amounts of memory (number of sites)
are added, the data can be sorted 1n one pass

3.3.3 A Numerical Example

One of the experiments described in Section 5 used 3MIPS
processors with one-megabyte sorting memories The record
size was 100 bytes It took ten instructions per byte to
process the records at the source site This means that
FastSort processed 300 bytes i 3,000 mstructions, which
took one millisecond That 15, pgource = 300 bytes/ms
Each tournament key companison and exchange used 85

mstructions At three mips this 1s 28 microseconds per
compare Summarizing

R 100 bytes

Psource 300,000 bytes/s

Psubsort 300,000 bytes/s

Psource

Psubsort 1

M 1,000,000 bytes

lcompare 28 ps

R _1:41 > about 8,928 records 1n memory
[log ( R Z 5 )] ~14 tournament levels 1n memory
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M
tcompare/-IOg (mﬂ 392 ps

Psource!R 3000 records/s sent by source site
Using these parameters to evaluate equation (5) gives a value
shghtly larger than 2 This means three subsort sites are
enough to be able to process the incoming data each using a
one megabyte tournament, no matter how large the file size
Of course the larger file may have to add tournament
memory (1n the form of more subsorts) in order to sort the
file in two passes

The needed memory 1s in a logarithmic term of equation (5),
so substantial changes can be made without affecting the
number of sites needed In the example above, 1f M

increases to 10MB, [log ( Ri”] ) )] goes from 14 to 17 and

still, only three subsort sites are needed If M 1s increased
to exploit massive main memory, more subsort sites may
be added to decrease the record arnval rate at each subsort and
avold being cpu limited at any one subsort

3.4 Summary

The advantages of replacement seiection are that input,
output, and processing can be concurrent, and that sorted
runs are twice memory size on average If the speed at
which data arrives 1s too fast to have the sorting overlapped
by 1nput, a smaller tournament can be used or the number of
subsort sites can be increased. Increasing the number of
subsort sites 18 more effective since the number of sites 1s
mnversely proportional to the armival rate, whereas the
processing time 15 only proportional to the log of the size of
the tournament.

4. The Merging Phase

The merge phase combines all the runs, merging them 1nto
a single large run that 1s sent to the target site If the input
to a subsort site 1s less than the size of main memory no
merging 15 done at the subsort site, the records are entirely
sorted 1n memory and then passed to the destination site  If
the file partition sent to the subsort site 1s bigger than
memory then merging of multiple runs 1s required The
subsort merge 1s a small replacement-selection sort of the
Rruns

FastSort tries to make at most one merge pass at each site
Reading the runs and writing the output are concurrent with
merging. This means that the merging ume 1s the max of
the mput time, the send time, and the m-memory merge
processing time



4.1 Space for Single Merging Pass

The goal 1s to make only one merge pass During the
merge phase, there 1s one buffer in memory for each run and
double buffers for output and mmput (This 1s unhke
[Salzberg 89] which suggests using two buffers for each
sorted run 1 order to make overlap of calculation with input
more likely ) Each buffer 1s B bytes This means that the
memory at each subsort must be large enough to have one
buffer for each sorted run and two buffers each for the input
and output streams Ignoring the fixed cost of the four extra
buffers

M
B ©)
Each sorted run has s1ze 2M on average The total number of

sorted runs depends on the file size The number of runs at
each subsort site 15 approximately

2 Bruns

Fin

Rruns ="?AL;££ ¢)]
Combining (6) and (7)

M _ Fingyes

B 2 M ®
equivalently,

FB BF
nsttes Z m and aISO M > 2nsues (9)

If, for example F 18 100MB (one million 100-byte records),
M is IMB, and B 1s 16KB one site 1s sufficient for a one-
pass merge Table 1 was computed from the second
equation using ngzes = 1 More total memory will be
required for the same file and blocksize as ng;es InCreases,
however, the memory requirement at each site becomes
smaller (resulting 1n smaller run sizes)

4.2 Merge Time

The merge processing at the subsort sites should be
concurrent with the merge processing at the destination site
The processing rate at the subsort and at the destination are
approximately the same -- they both have small
tournaments

The merge tuime at each subsort site consists of the disk seek
tume and disk read ume for all the runs stored at that site, the
processing time to merge the runs into output buffers, and
the time to send the data over the network to the destination
The disk time 1s concurrent with the processing times

On average, the total number of bytes at each site 1s

Fingses There are B bytes in each buffer So the number
of seeks 18
F
seeks = 10
B ngites (10)

Thus the tume for merging at one site is

Ft F
disk merge nme = seek.
B ngites  Nsites Pdisk
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and
cpu merge time

compwenOg (Pruns) |

subsort merge time
= max( disk merge time, cpu merge time)

F
Rsites Psubsort

(11

ng tesR

The tournament for the merge 1s 1n general much smaller
than the tournament used for creaung the sorted runs, which
fills memory The number of nodes in the merge
tournament 1s only equal to the number of sorted runs at the
subsort site

To avoid having the subsort sites be a bottleneck during the
merge phase, both the cpu merge time and the disk merge
time 1n (11) must be less than the processing time for the
whole file at the destination site The time for processing
the whole file at the destination site 15

destination merge time

12
Ptarget (12)

-+ tcompare/_ log(nsites) 7

Typically, the second term of (12), which 1s the time for the
supermerge 1 memory, 1s about one seventh of the total
destination merge time To simplify calculations, we require
the stronger condition that the cpu merge time at the subsort
sites and the disk merge time 1n (11) be less than the first
term of (12) only This will imply that they are less than
the total destination merge time

Combining (11) and the first term of (12)
Iseek 1 <1

< and
B ngites  Rsites Pdisk ~ Ptarget
compare /-103( Rruns) | + 1 1 (13)
Nsites R Rsites Psubsort ~ Prarget
equvalently,
tseek 1
Msites 2 Prarget ( B p Dok (14)
and using (7) f 7
t log(Fl(ngyes 2M)) 1
Rsites> Ptarget (_Lcom are- 28 R siles + Druboort )
(15)

One could find ng.s to satisfy (15) by successively trying
Increasing positive mtegers As ngzes becomes larger, the
night-hand side of (15) becomes smaller Thus a solution
must exist. For a quicker back-of-the-envelope approach, let
Nsites 10 the right hand side of (15) be two (If  prarger =
Psubsort, s 1n the examples, at least two subsort sites are
needed, larger values of ngyes will make the nght hand side
of (15) smaller, so this will be stronger than the original
mequality ) The back-of-the-envelope imnequality 1s thus

tcojarenj(F/MM))] N 1 ) a6

Psubsort

Rsite>Prarget



4.3 Numerical Example

Assume the same parameters as 1 Section 3 3 3 with a file
size F of 100MB and 24 milliseconds for tge0k, 2 TMB/s for
the sequential read rate pg,sk, and 3MB/s for the target
processing rate pPrarger Applying equation (14) afier
converting all units to milliseconds and bytes

24 1
> 300(56000* 2700’

Rsites

This mequality says that for these parameters, one site 1s
enough so that the disk I/O ume at the subsort sites 1s
concurrent with processing at the target site Here the large
(16KB) buffers make the difference. Note that the size of the
file and the memory size at the subsort sites 1s not involved

Applying (16) after converting all units to milliseconds and
bytes f 7
nstes 2 300 ( 0 028]0100g(25) + 32_0)

For these parameters, two subsort sites are enough, but one
18 not This mequality compares the ume needed for CPU
processing (merging and sending to the network) at the
subsort sites with the time for processing at the target site,
The tournament for merging the sorted runs 1s much smaller
than the tournament used 1n creation of the runs, so 1t 1s less
likely to be the determining factor for choosing the number
of sites

Combining equations (5), (9), (14), and (16), and using our
other test parameters, one can compute the number of sites
needed given various mput file sizes F, and site memory
sizes M Table 2 tabulates these computations Equation
(9), space for a single merging pass, 1s the determining
factor for number of sites when the file 1s large and the
subsort memories are relatively small In this case,
mcreasing memory size at the subsort sites 18 recommended

Table 2 Required number of sites for a two-
pass parallel sort given a file size F of hundred-
byte records, and given M bytes of memory at
cach site
site memory s1ze = M
file size 1MB 16MB 128MB
100MB 3 3 3
10GB 80 3 3
1TB 8,000 32 3

5 Experimental Results

There 1s a standard sort benchmark [Anon] sort an entry
sequence file of one million records The records are one
hundred bytes each, begin with a ten byte key, and are
random order To show the effects of scaling on FastSort's
performance, the mput file was modeled on this schema, but
was scaled from a thousand records, to ten nillion records 1n

powers of ten  Various processor types and degrees of
parallelism were tnied The elapsed time was recorded 1n
each case A complete description of the experniments and
results 1s given in [Tsukerman] The results for one
processor type (TXP) are shown in Figure 5 Not
surprisingly, parallel sorting was quicker than serial sorting
for files of more than IMB For smaller files, the longer
startup ume of parallel sort makes 1t slower than a single-
process sort  The curves also show the lineanity of FastSort
for files of 10MB or more

LY ORI

File sz (in byes)

Figure 5. FastSort elapsed time vs file size (in bytes) when run
on a TXP processor Note that parallel soft time increases only
hinearly with file size beyond 10MB, and that parallel sort 1s
faster than serial sort for files larger than 1MB
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6. Conclusions

Parallel FastSort 1s a linear elapsed-ume sorting algorithm,

running at the rate of about 130 KB/sec (~1300 records per

second) on a Tandem VLX processor Simple equations

allow FastSort to pick the amount of memory, number of

processors, and number of disks to get linear-time

performance Parallel sorting used in FastSort 1s faster than

serial sorung because

1 The speed of the creation of sorted runs 1s cpu limited --
the cpu must make many comparisons in managing large
tournaments Parallel soring spreads this work among
multiple cpus and so gets a speedup

2, The speed of the merge pass 1s I/O bound (disk seek time
bound) Parallel sorting spreads this work over muluple
disk drives on multiple subsort processors and so gets a
speedup during the second phase of sorung

Both parallel and serial FastSort use double buffers with a
tournament sort Consequently, replacement selection 1s
concurrent with output and produces runs twice memory
size The use of large buffers for I/O and the use of large
main memory are also important Just these improvements,
without using parallelism, gave a factor of four speedup over
a previous senal algonthm

The current Iimiting factor of FastSort 1s the processing
speed at the source and destination sites  This bottleneck 1s




mherent 1n a single-input single-output sorts Obviously, a
sort where the file begins distributed (unsorted) and ends
distributed 1n sort-order ranges, each of which 1s sorted, will
be faster and will have other bottlenecks Future work on
FastSort will try to allow FastSort to take advantage of this
possibility
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