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The join operation described in sectiodli;i;é:>has been

cd@lled "explicit join" in contrast to "implicit join," which

involves an explicit join followed by a Project operation over
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the attributes of one of the relations. An explicit Jjoin
requires a relation to be formed explicitly by concatenating
attributes and values of both relations, but an implicit join
can be performed by marking those tuples in the relation over
which the projection is performed. So, the resulting relation
is implicitly formed over the projected relation. The implicit
join is similar to what has been called "semi-join" in theo-
retical database 1literature. The semi-join of of a source
relation S and a target relation T on join attributes A from S
and B from T is a relation R. R is formed from each tuple t ¢
T, such that § (A) = T (B) and s ¢ T.

This section explains three major methods of implementing
the join: nested-loops, sort-merge, and hash join. Emphasis is
placed on the following hash join methods: simple, GRACE, and
hybrid hash.

2};{1 Nested-Loops Join Method

This is the simplest among the three major algorithms.
The two relations involved in the join operation are called
the outer relation (or source relation) S and inner relation
(or target relation) T, respectively. BEach tuple of outer
relation S is compared with tuples of inner relation T over
their one or more join attributes. If the 3join condition is
satisfied, a tuple of S is concatenated with a tuple of T to
produce a tuple for the resulting relation R.

Considering the actual implementation of the nested-loops

join method, pages of tuples from both relations, instead of
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only tuples existing in both relations, are read from the
secondary storage and processed in order to reduce the I/0
time. A page corresponds to a physical block of data such as a
diék track. After the first page of outer relation S has been
joined with K pages (e.g., K is a system variable: a number
of tracks in a cylinder) of inner relation T, another K pages
of T are read and compared with the same page of the outer
relation S. The join attributes of outer relation S are com-
pared with the join attributes of every tuple in K pages of
inner relation T. Concatenations of tuples are formed in an
output buffer if they satisfy the join condition. Whenever the
output buffer is full, its partial outcome of the resulting
relation R is written to the secondary storage. This proéess
continues until all the pages of inner relation T have been
joined with the page of outer relation S. At this time, the
next page of outer relation S is read from the secondary stor-
age, and the process of joining one page of outer relation §
with all pages of inner relation T is repeated. The algorithm
terminates when the last page of outer relation S has been

processed.

273.2 Sort-Merge Join Method

Each of the source (S) and target (T) relations is
retrieved from the secondary storage, and its tuples are
sorted over one or more join attributes in subsequent phases
using one of many sorting algorithms (e.g., n-way merge).

After the completion of the sorting operation, the two sorted
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streams of tuples are merged together. During the merge
operation, if a tuple of source relation S and a tuple of T
satisfy the join condition, they are concatenated to form a
tuple of the resulting relation R,

This sort-merge join algorithm guarantees an acceptable
performance in most cases, as proven by Blasgen and Eswaran in
1977 <BLAS1>. Data statistics such as the number of tuples to
be joined or the number of values in one column of a relation
heavily influence the performance of the sort-merge algorithm.
If the source and target relations do not fit into main mem-
ory, the performance will suffer considerably. In this case, a

partial sort-merge join algorithm can be applied.

27é.3 Hash Join Method

In this section, the general idea of the hash join algor-
ithm is explained, followed by the issue of limited main mem-
ory size. As described in DeWitt's literature <DEWI3>, this
section illustrates how the three major hash join methods such
as the simple hash join, grace hash join, and hybrid hash join

overcome the limitation of real memory size.

z.f;g%{/;eneral Approach of Hash Join. In the straightforward
hash join algorithm, the source and target relations, which
might be named § and T, respectively, are read from the secon-
dary storage. The join atffibute values of the source relation
are first hashed by a hash function. The hashed values are
used to address entries of a hash table called buckets. If the
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same hash function used for the 3join attribute value of the
target relation 1is hashed to a non-empty bucket of the hash
table, and one of the join attribute values stored in that
bucket matches with the value, the equi-join condition is sat-
isfied. The corresponding tuples of the source and target
relations are concatenated to form a tuple of the resulting
relation, or a pair of tuple identifications are retrieved
from the bucket and are used to fetch the corresponding
tuples. The process continues until all the tuples of the tar-
get relation have been processed. The accumulated tuples of
the resulting relation are output to the secondary storage as
the output buffer is filled.

This algorithm works best when the hash table for the
source relation fits into real memory. When most of a hash
table for the source relation cannot £fit into real memory,
this straightforward hash join algorithm can still be used in
virtual memory, but it performs poorly, since many tuples
cause bage faults. The three hash join methods described by
DeWitt <DEWI3> take into account the possibility that a hash

table for the source relation will not fit into main memory.

2.?2;%2 Simple Hash Join. 1If a hash table containing all of
source relation § fits into memory, the simple hash join
algorithm 1is identical to the straightforward approach
described above. When available real memory is not enough, the
simple hash join scans S repeatedly, partitioning off as much

of S as can fit in a hash table in the memory. If the join

_27_

36



attribute hashes into the chosen range of the hash table,
insert the tuple into the addressed bucket of the hash table
in main memory. Otherwise, the tuple is written to a source
file on disk. Then it scans target relation T which is sup-
posedly larger than S, and computes a hash value of each join
attribute. Again, if the hash value is in the chosen range,
compare the join attribute with that of S tuples in memory for
a match. If the equi-join condition is satisfied, the tuples
are concatenated and output. Otherwise, the T tuple is written
to a target file on disk. Then it replaces relations S and T
in the source and target files on the disk respectively and
chooses another range, and it repeats the above steps until

there are no more tuples in the target file.

L))

3
223;213 GRACE Hash Join. The GRACE hash join is characterized
by a complete separation of the partition phase and sorting
phase. The partition phase chooses a hash function h and cre-
ates only as many buckets from source relation S as are neces-
sary to ensure that the hash table for each bucket Si will fit
into the real memory, assuming that a single block of memory
is allocated as an output buffer for a bucket. Each tuples of
S is scanned, hashed, and placed in the corresponding output
buffer. When an output buffer is filled up, the accumulated
tuples in it are written to a file referred to as subset Si in
disk. After all tuples of S have been completely processed,
all output buffers are flushed to disk. Then, target relation

T is processed in the same way as S. If the number of buckets
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equals N, the N subset files for S and the N subset files for
T exit onto the disk.

During the second phase of the GRACE hash join algorithm,
the actual join is performed to execute a. sort-merge algorithm

on each pair of subset files produced in the partition phase.

2.}?2(4 Hybrid Hash Join. The final type, the hybrid hash
algorithm does both partitioning and hashing on the first pass
over the source (S) and target(S) relations. All partitioning
is completely finished in the " first stage. This feature is
similar to the GRACE algorithm and different from the simple
hash join algorithm. However, it is different from the GRACE
method in that the hybrid algorithm uses any additional avail-
able memory during the partitioning for a hash table that is
processed at the same time that S and T are being partitioned,
wvhile only necessary blocks to partition S into buckets that
can fit in real memory are still reserved.

The first step is to choose a hash function and set up
both buffers and a hash table by allocating necessary blocks
of memory. After it assigns ith output buffer block to Si for
i=1,...,n, each tuple of S is scanned and hashed with the
chosen hash function. If a tuple 1is addressed to SO0, it is
placed in the hash table in the real memory. Otherwise, the
zuple is moved to the Si output buffer block. Once finished,
there is a hash table for S0 in main memory, and there are S1,
..., Sn files on disk.

-

BEach tuple of target relation T 1is scanned and -hashed
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with the same hash function wused for S. 1If the tuple is
addressed to TO, the hash table is searched for a match., 1If
there is a matched source tuple in SO, output the resulting
tuple. Otherwise, the tuple is discarded. If the tuple is not
addressed to S0, it belongs to Si for some i > 0, so the tuple
is moved to the ith output buffer block. After this step, the
subset files S1, ..., Sn and Tl, ..., Tn are on disk.

Then, for i =1 to N, the hybrid algorithm repeats the
process of reading Si while creating a hash table at the same
time and scanning Ti for a match to determine if the tuple is

to be included in the resulting relation or to be discarded.

2?xfkfs Discussion. Speedwise, the hybrid hash join algorithm
is the most efficient algorithm discussed here as analyzed by
Shapiro <SHAP1l>, when the relations are considerably large,.
In this algorithm, the relations are partitioned into subsets
for processing in main memory. Although mechanisms exist to
protect against partitioning overflow and to correct it when
it happens, the hash-based algorithm requires a large main
memory. However, to handle the overflow problem and reduce the
size of main memory needgd, the relations could be partitioned
again with another hash function. Nonetheless, this rehashing

is an expensive solution.

—Phis—section—esperially focuses on the—algerithm which

will fit well into-edatabasehurdware—fitterthatmilliensof
—30_
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/»ynozmi H/Q qf /5 ree M=l ( m <. The ue%‘a‘gﬂf: o/Z
+he refmimkr which ©s e f%ﬂom‘aé ﬂf ﬁ/@j” e / c/ £71-1)
fom  ~ Jlosh A//reff. |

This methed of ey Frencformedios 022 doss

In the +heo o/ Wr-—cowao/v'ﬂ; Codfes. MHanan

i P lormo <HANAD a///.z;{ e fi@y 0/£ |
Fise - C/wwa//mm‘ codes Ao A /4.9\5/\4)7 %‘uﬁm‘ﬁa \
Tn iy methed, He f}/ podl sdircesses Are /47/%:4”7‘@4

= /f”//‘””/””\% \ ro i
Keo= 53 o/ Roo = 2 [re
Py o 94 =1

[



Cialo:s Field p/ 27
L.o/f X be o primifive ofenent of\éﬁ 25 7

(onsder Fhe /o//w ik

jcx)_. (x— 0%)(1,-'04) oo (X

0{ jﬁb Wh@ﬁeaféj

Qf 57%»«@)
(HANAJ> Rcx) i3

The Bose- Chmﬂlhum ‘H\@Or@m//\f?v
Yhe yumainder of Hha clivision f ) & 7 Aot 13,

K(L)= 9(”2(%)—}- QUL)} Jﬁmg of K(/c) <a’ 1,
l‘ l‘ A
“H’h‘i)’l +the /)’nl\ﬂ}{)'num\/ ﬂ/l\_ﬁ’zmc@/ b@’wm -}’wo k}?é &“» v 7 “he.

some. R, is af lesst A. In this ij, ol f<§/_5
Whidh et 0’?5‘}&»%& D o /e;s ﬂrm’]" howe 0"3’7{"”4
WU‘”O‘@U thod i 0[657‘{%} hosh addresses.

I '”"Y[W@“F this /}/néHLp( the A\ izion ‘K(Ub;“‘) |

Com fe W@(ﬁa Co uj[oy OY\/[?/ o o Jﬁye
Shitk m;\sjruv

4



—

The Z)/\Vc//f /?)zﬁém‘s Hesh MQMM/

This  hash methd 55 difomat rom 4l
vfhers  in Such Hhat /\f deats 0&» wn‘% o static frle
whore afl fhe k/ew in an /‘r/y:u/ Jife ana known—
hafovehand . 'U;:q; Cither mean Squsre Hevidisn o
Sfanp/c,m’ Aevicfion , The J)éeweJ "clf_gﬁféu/'fom o/L -
each n/y it Ga fof/}‘im) con o ayje//. ’D%F/S Which
hove the 7770/(/% Jkewee/ ﬂfflsv‘r:’buﬁof z\”—”—%@—«fﬂi’fa‘&/ fo
rake the numbey of a/c‘/h[s left camal {:rm%h o /M/uoa
o address in the S the  hash toble .

This stalispicak amy;,‘s coes o} /M,Mﬂ& He
pifom. il . s et s f
ﬂiw‘n/ o~ Mn/ﬁm«, 5/%%/ .

g1



27

D/\fofcm ﬁafk M—&f/uo;(

- E | 7%/\5 /\S Luwﬁnﬁ/ fhe mos £ 7%4710&5
- 7”1/27@ vsed Jash weﬂop/, As %ﬁr as
5/,\57[/’/‘4017[7‘0’71/ f—@)’}é}vﬂw@ 400&5///7&,4// fZO//L /.é/\&/&,
Haf nv hosh Aunction s )’Lf@wbv b the divisier—
meﬁ\w/( ééc,a,u,ca 47705;,[ 0/ 7%& mjnava}t@m 1 ‘7‘%75 7[/\4/0/
said so LBYChL, LUML, KNTT, MAYRL >.

74'(5 Aﬂﬁ/» ﬂﬁo,fﬁm/ ;,‘zmﬁ Mé/s 7 ( or @)(C/éff'ka;ﬁl?;)
the: Wo//naj nimber 0/1 words ¥ « k/ev o] 7%&5
+he mrmm‘m/&r/ Aividing the Sum (the wnbiation
br 7%?/ Znéa/]/&/ 9) CK) y Au(//éaf' Srze ﬁ/xMr;.AW 5.
50 ) the Feﬁu#/"n rzﬂﬁﬁ'/‘np/@/;» cﬁ(}( J)) Cou/;/ M/D/’a?féhf
W bucket nuwber 0 -f/my/u M-1,

Bwi/j 5%@ %e.p/ o he dfivisor 5%»/&/
é,(; 7%6 /Aye‘;/v //,'mya MMMAP/P‘ fﬁ’?a//&’ 7%6*4 18 <EUC}L/I)'

LUWWZI his //‘faif‘—enrv/( w//edjm_s y #ML 1A
o1




3o
0/’\"'\5“’ oloes /701[ pave 4o ke 4/%%@7‘ o

nopprime. humpos with- S0 ///'044 Sactos  fers Than
20w work as well < LUM 1.



The Fo /&/m; Method !

Tn +his hosh pethod,  The & s /ﬂrﬁ/"bhé&{
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<Distribution Performance>
(Mean Square Deviation) ~

When Applied to

Three Different Data Sets:

Randomly Generally Randomly

Chosen Chosen -Chosen
(D=Divisor) Names Names Numeric
Strings
42,/4
Mapping —393— 3.96 3.79
(Avr.) (Avr.) (Avr.)
Mapping with 4,40 3.91 3.58
Additions
Division with 3.97 3.91 86.76
Additions
Maurer's Shift 3.95 4.06 3.81
and Fold (Avr.) (Avr.) (Avr.)
Algebraic 4.41 4.62 3.77
Coding(D=1021)
Berkovich's  4.09 3.97 3.70
Hu_Tucker Code
Digit Analysis 4.32 4.07 3.84
(2 & 4 bytes) 3.80 4.70 19.74
Division 5.67 11.95 122.99
(D=257)
3
Folding 4,09 3.89° 53.02
Midsquare 4.25 4.84 88.91
Multiplicative 4,42 3.29 12,49
Radix 3.97 4,05 12.36
Random 4,25 3.63 9.79
v o - pelots 15 Y-t 5’ }*;“ic'éli'f‘ ',
+ | e i

& Sixteen 64x16 bits RAMs are also required.

<Speed>
(Clock Cycles)
When Implemented
in
Software Hardware

126 3
’/%ij/

i

96 64

86 76

4‘7 % %

420 70
452 48

826 @ 66 @

(40 2 +
S
70 46
16 **
56 2
72 30
8 *
407 64
17 *
650 390
285 *
120 **
162 80
57 *
26 **

<Cost>
(Gates)

120 &

182

390

399

112
96

390
3360

117

572
2796

422
2892

550
3234
6498

470
3138
6402

* Faster but expensive since Wallace Tree is used for multiplication.
** Faster but expensive since division array is used for division,
Slightly changeable due to variable length encoded key string.

Table 4 ;ﬂﬁ’
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STATISTICS FOR DIGIT ANALYSIS HASH METHOD

wHICH 1S APPLIED 7O THE 1024 RANDOMLY CHOSEN NAMES
“ Number of 1s in Each Digit in Two Bytes Key

Bit No. 1 : 489 1s ~-- 47.75% DEVIATION
Bit No. 2 533 1s --- 52.05% DEVIATION
Bit No. 3 502 1s --- 49.02% DEVIATION
Bit No. 4 484 1s -~~~ 47 .27% DEVIATION
Bit No. 5 548 s --- 53.52% DEVIATION
Bit No. 6 685 1s --- 57.13% DEVIATION
Bit No. 7 519 11s --- 50.68% DEVIATION
Bit No. 8 0O 1s ~--- 0.00% DEVIATION
Bit No. 9 50t 1s --- 48.93% DEVIATION
Bit No. 10 34 1s --- 52.15% DEVIATION
Bit No. 11 498 1s --- 48.63% DEVIATION
Bit No. 12 524 1s --- $1.17% DEVIATION
Bit No. 13 500 1s =--- 48.83% DEVIATION
Bit No. 14 420 1s --- 41.02% DEVIATION
8it No. 15 486 1s --- 47.46% DEVIATION
Bit No. 16 O 1s =~-- 0.00% DEVIATION
Digits 2, 3, 7, 9, 10, 11, 12, 13 are selected for
Number of 1s in Each Digit in One Word Key

8it No. 1 536 ts --- $2.34% DEVIATION
Bit No. 2 508 s --- 49.61% DEVIATION
Bit No. 3 498 1s --- 48.63% DEVIATION
Bit No. 4 : 500 s -~--- 48 .83% DEVIATION
Bit No. 5 ‘473 1§ === 46.19% DEVIATION
Bit No. 6 689 1s --- 67.29% DEVIATION
Bit No. 7 43% 1s --- 42 .48% DEVIATION
Bit No. 8 O 1s -~~~ 0.00% DEVIATION
Bit No. 8 514 s --- 50.20% DEVIATION
Bit No. 10 467 1s =--- 45.61% DEVIATION
Bit No. 11 516 1s --- 50.39% DEVIATION
Bit No. 12 481 1s --- 46.97% DEVIATION
Bit No. 13 430 11s ~--- 41.99% DEVIATION
Bit No. 14 328 1s --- 32.13% DEVIATION
Bit No. 15 483 1s --- 47 .17% DEVIATION
Bit No. 16 O s --- 0.00% DEVIATION
Bit No. 17 518 1s --- 50.68% DEVIATION
Bit No. 18 505 1s --- 49.32% DEVIATION
Bit No. 19 512 1s --- 50.00% DEVIATION
Bit No. 20 520 1s --- 50.78% DEVIATION
Bit No. 21 483 s --- 47.17% DEVIATION
Bit No. 22 366 s --- 35.74% DEVIATION
Bit No. 23 502 1s ~--- 49.02% DEVIATION :
Bit No. 24 0O s --- 0.00% DEVIATION
Bit No. 25 50t 1s --- 48.93% DEVIATION
Bit No. 26 : 509 11s ~--- 49.71% DEVIATION
Bit No. 27 : %522 1s ~--- 50.98% DEVIATION
Bit No. 28 : 493 ts --- 48. 14% DEVIATION
Bit No. 29 : 418 ts --- 40.82% DEVIATION
Bit No. 30 : 353 1s --- 34.47% DEVIATION
Bit No. 31 : 501 1s ~-- 48.93% DEVIATION
Bit No. 32 O t1s --- 0.00% DEVIATION

‘ Digits 2, 9, 11, 17, 18,

19, 26, 27 are selected for Digit Analysis hash method.

DATA

529
441
100
784
1296
5329
49
262144

121
484
196
144
144
8464
676
262144

Digit Analysis hash method.

576

16

196
144
1521
31329
5929
262144

4
2025
16

961
6724
33489
B4 1
262144

49

49

0

64

841
21316
100
262144

121

9

100

: 361
: 8836
;25281
121
262144

Toble =
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FOR DIGIT ANALYSIS HASH METHOD

‘ SA;ZQSIQCEPPLJED TO THE 1024 NUMERIC STRINGS DATA

Numpber of 1s in Each Digit in Two Bytes Key

Bit No. 1 : 502 s --- 49.02% DEVIATION : 100
Bit No. 2 : 521 1s =~~~ $0.88% DEVIATION : 81
Bit No. 3 : 478 1s --- 46 .68% DEVIATION : 1156
Bit No. 4 : S17 11s --- 50.49% DEVIATION : 25
Bit No. 5 : o 1s --- 0.00% DEVIATION : 262144
Bit No. 6 : 0O s --- 0.00% DEVIATION : 262144
Bit No. 7 : o ts --- 0.00% DEVIATION : 262144
81t No. 8 : o 1s --- 0.00% DEVIATION : 262144
Bit No. 9 : 516 1{is --- 50.39% DEVIATION : 16
Bit No. 10 : 529 1§ ~--- 51.66% DEVIATION : 289
Bit No. 11 : 518 1s --- 50.59% DEVIATION : 36
Bit No. 12 : 492 1s --- 48.05% DEVIATION : 400
Bit No. 13 : o 1s --- 0.00% DEVIATION : 262144
Bit No. 14 : 0O ts --- 0.00% DEVIATION : 262144
Bit No. 15 : o s --- 0.00% DEVIATION : 262144
Bit No. 16 : O 1s --- 0.00% DEVIATION : 262144

Digits t, 2, 3, 4, 9, 10, 11, 12 are selected for digit analysis hash method.

Number of 1s in Each Digit in Dne Word Key

/

Bit No. 1 0 1s --- 0.00% DEVIATION : 262144 A/L
Bit No. 2 : §12 1s --- 50.00% DEVIATION : 0 o
Bit No. 3 : 509 1s --- 49.71% DEVIATION : 9
Bit No. 4 : 474 1s --- 46.29% DEVIATIDN : 1444
BitNo. §: O 1is --- 0.00% DEVIATION : 262144
BitNo. 6 : O 18 --- 0.00% DEVIATION : 262144
Bit No. 7 0 is --- 0.00% DEVIATION : 262144
8it No. 8 0 1s --- 0.00% DEVIATION : 262144
Bit No. 9 : 512 ts =--- 50.00% DEVIATION : o
Bit No. 10 : 522 1s ~--- 50.98% DEVIATION : 100
Bit No. 11 : 514 1§ =--- 50.20% DEVIATION : 4
Bit No. 12 : 436 1s --- 42.58% DEVIATION : 5776
Bit No. 13 : O 1s --- 0.00% DEVIATION : 262144
Bit No. 14 : O 1§ =--=- 0.00% DEVIATION : 262144
Bit No. 15 : O 1§ =--- 0.00% DEVIATION : 262144
Bit No. 16 : O s =---- 0.00% DEVIATION : 262144
Bit No. 17 : 502 1s =--- 48.02% DEVIATION : 100
Bit No. 18 : 509 1s --- 49.71% DEVIATION : 9
Bit No. 19 : 495 s =--- - 48.34% DEVIATIDN : 289
Bit No. 20 : 443 s --- 43.26% DEVIATION : 4761
Bit No. 2¢ : O 1s ~--- 0.00% DEVIATION : 262144
Bit No. 22 : O 1s =--- 0.00% DEVIATION : 262144
Bit No. 23 : O 1s =--- 0.00% DEVIATION : 262144
Bit No. 24 : O 1s =--- 0.00% DEVIATION : 262144
Bit No. 256 : 500 1s =--- 48.83% DEVIATION : 144
Bit No. 26 : 505 1s =--- 49.32% DEVIATION : 49
Bit No. 27 : 526 s ~--- 51.37% DEVIATION : 196
Bit No. 28 : 420 15 =~-- 41.02% DEVIATION : 8464
Bit No. 29 : O 1s --- 0.00% DEVIATION : 262144
Bit No. 30 : O 1s --- 0.00% DEVIATION : 262144
Bit No. 31 : O 1s =--- 0.00% DEVIATION : 262144
Bit No. 32 O 15 =--- 0.00% DEVIATION : 262144

Niniee 2 2 a 0 11, 17, 18. 26 are selected for digit analysis hash method,
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STATISTICS FOR DIGIT ANALYSIS HASH METHOD
WHICH IS APPLIED TO THE 1024 GENERALLY CHOSEN NAMES DATA

Number of 1s in Each Digit in Two Bytes Key

Bit No. 1 483 1s ~--- 47 .17% DEVIATION : 841
Bit No. 2 502 s --- 49.02% DEVIATION : 100
git No. 3 487 1s --- 47.56% DEVIATION : 625
Bit No. 4 515 1s --- 50.29% DEVIATION : 9
Bit No. 5 513 1s --- 50.10% DEVIATION : 1
Bit No. 6 505 1s --- 49.32% DEVIATION : 49
Bit No. 7 500 s ~--- 48 .83% DEVIATION : 144
Bit No. 8 o 1s --- 0.00% DEVIATION : 262144
Bit No. 9 : 506 11s --- 49.41% DEVIATION : 36
Bit No. 10 : 523 s =--- $1.07% DEVIATION : 121
Bit No. 11 : 526 1s ~--- 51.37% DEVIATION : 196
Bit No. 12 : 542 1{1s ~--- 52.93% DEVIATION : 900
Bit No. 13 : 504 1s --- 49.22% DEVIATION : 64
Bit No. 14 : 494 ts --- 48.24% DEVIATION : 324
Bit No. 15 : 472 s --- . 46.09% DEVIATION : 1600
Bit No. 16 : o 1s =--- 0.00% DEVIATION : 262144

Digits 2, 4, 5, 6, 7, 9, 10, 13 are selected for Digit Analysis hash method.

Number of 1s in Each Digit in One Word Key

Bit No. t : 482 1s --- 48 .05% DEVIATION : 400
Bit No. 2 : $20 ts ~--- 50.78% DEVIATION : 64 —
Bit No. 3 518 ts --- 50.59% DEVIATION : 36 i~y .
Bit No. 4 : 517 ts --- 50.49% DEVIATION : 25
Bit No. 5 : 475 1s =--- 46.39% DEVIATION : 1369
Bit No. 6 : 744 18 --- 72.66% DEVIATION : 53824
Bit No. 7 : 429 1s -~-- 41.89% DEVIATION : 6889
Bit No. 8 : O is =--- . 0.00% DEVIATION : 262144
Bit No. 9 : 522 1s --- $0.98% DEVIATION : 100
Bit No. 10 : 517 1s =--- $0.49% DEVIATION : 25
Bit No. 11 : 510 1s --- 49 .80% DEVIATION : 4
Bit No. 12 : 498 s --- 48 .63% DEVIATION : 196
Bit No. 13 : 462 s ~--- 45.12% DEVIATION : 2500
Bit No. 14 : 275 s --- 26 .86% DEVIATION : 56169
Bit No. 15 : 443 s --- 43.26% DEVIATION 4761
Bit No. 16 : O s --- 0.00% DEVIATION : 262144
Bit No. 17 : 509 s --- 49.71% DEVIATION : 9
Bit No. 18 : 512 ts --- 50.00% DEVIATION : 0
Bit No. 18 : §35 s --- §2.25% DEVIATION : 529
Bit No. 20 : 516 ts --- $0.39% DEVIATION : 16
Bit No. 21 : 424 s --- 41.41% DEVIATION : 7744
Bit No. 22 : 399 1§ ~--- 38.96% DEVIATION : 12769
Bit No. 23 : §15 18 --- $0.29% DEVIATION : S
Bit No. 24 : 0O ts --- 0.00% DEVIATION : 262144
Bit No. 25 : 502 s ~--- 49.02% DEVIATION : 100
Bit No. 26 : 518 ts --- 50.59% DEVIATION : 36
Bit No. 27 : 522 1s --- 50.98% DEVIATION : 100
Bit No. 28 : 496 Is ~--- 48.44% DEVIATION : 256
Bit No. 29 : 462 s --- 45.12% DEVIATION : 2500
Bit No. 30 : 335 s --- 32.71% DEVIATION : 31329
Bit No. 31 : 545 s --- 53.22% DEVIATION : 1089
* Bit No. 32 : O 1s --- 0.00% DEVIATION : 262144

Digits 4, 10, 11, 17, 18, 19, 23, 26 are selected for Digit Analysis hash method.
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FILE: SIMULATE PASCAL Al THE GEORGE WASHINGTON

writeln;

write(' THE TOTAL NUMBER OF KEYS IN THE TARGET RELATION : ');

writeln(Target_Count:4);
writeln;

write(' THE TOTAL NUMBER OF KEYS IN THE RESULT RELATION

writeln(Result_Count:4);
writeln;
writeln;
writeln;

UNIVERSITY

l);

write(' THE TOTAL NUMBER OF HASH CODER USED IN THE JOIN ")

writeln(Hash_Count:4);
writeln;
end;

éﬁ/?ﬁiﬂL’

t7%wy_)%Q@L%Q_,,./;Uﬁ%éﬁlz;’

* o

begin
Initialization;
Form_Source_And_Target_Relations;

repeat
(Clear_Current_Upper_Part_Of_Stack;

Hash_Source_And_Target_Relétions;

if Only_One_Bit_Set_After Hash(Hash_Value) then
begin
>Merge_Relations_And_Print_Out(Hash_Value);
if No_More_Next Addr then
begln
»if Bottom_Of_Stack then
finish := true
else
begin
o .
1f No _More_Next_Addr then
begin~
t if Bottom_Of_Stack then
finish := true
else :
begin .
{_POPi
if No More_Next_Addr then
begin~
Wif Bottom_Of_ Stack then

,»/V&UQL Z;)/{/

&**************** MAIN PROGRAM STARTS Hﬁﬁék;******************}

Nech. Bif. /‘3//;}’

e
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9 finish := true
else
begin

Y pop
if No_More_Next_ Addr then
begin

qlf Bottom_Of_Stack then

M finish := true
else
begin
(H-2OD:
if No_More_Next Addr then
begin
)’ if Bottom_Of_Stack then
o) vfinish := true
I else

begin
A - xAssign_Source_And_Target;
£43 Save_Next Addr Bit;

LY pushj
; - end;
7 end;
s end;
R end
else
begin
< Assign_Source_And_Target;
Save_Next Addr _Bit;
push

v L

=
DQ\ >

[SER A e )

DI O~ W= g

2
i’ end;
e end;
: end
2 else
2 begin
1 Assign_Source_And_Target;
£ Save Next Addr;ﬁlt4
< push;
<. end; -
. end;
end
else
- begin
5 Assign_Source_And_Target;
; Save_Next Addr_Bit;
push;
i end H
& end;
end

else

[ begin :

C Assign_Source_And Target-

7 Save_Next_Addr_Bit;

, __bushj

4 end;
7 end
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0 | else
begin
2 Assign_Source_And_Target;
Save_Next_Addr_Bit;

/
Pl
; h
ush;
Eo
é?

funtil finish;
Print_Statistics;

end.

//GO.SYSIN DD *

ABCDEFGHI JKLMNOPQRST

UVWXY201234 abcdefgh

ijklmnopgrstuvwxyz56

7894.,'-_S

65 66 67 68 69 70 71 72 73 74

75 76 77 78 79 80 81 82 83 84

85 86 87 88 89 90 48 49 50 51

52 32 97 98 99 100 101 102 103 104

105 106 107 108 109 110 111 112 113 114

115 116 117 118 119 120 121 122 53 54

55 56 57 35 46 44 39 45 95 36

2729 2063 7927 5087 3583 1307 7687 1523 3643 223
103 523 7129 5669 3229 7789 8527 4969 2549 1721
3469 5189 5563 5981 4021 3187 3167 4409 6827 1109
461 6323 769 4363 4801 1481 6367 7963 1747 2203
5081 3083 6547 3727 7069 2887 2221 8009 1987 2161
2683 4583 4127 7541 6361 967 5627 2309 4787 6581
8287 743 5347 3709 6763 1021 1949 5449 3041 3507

2063 7927 5087 3583 1307 7687 1523 3643 223 7481

523 7129 5669 3229 7789 8527 4969 2549 1721 3929
5189 5563 5981 4021 3187 3167 4409 6827 1109 4241
6323 769 4363 4801 1481 6367 7963 1747 2203 1061
3083 6547 3727 7069 2887 2221 8009 1987 2161 3301
4583 4127 7541 6361 967 5627 2309 4787 6581 641

743 5347 3709 6763 1021 1949 5449 3041 3907 6689

7927 5087 3583 1307 7687 1523 3643 223 7481 5483
7129 5669 3229 7789 8527 4969 2549 1721 3929 1607
5563 5981 4021 3187 3167 4409 6827 1109 4241 1123
769 4363 4801 1481 6367 7963 1747 2203 1061 3823
6547 3727 7069 2887 2221 8009 1987 2161 3301 8167
4127 7541 6361 967 5627 2309 4787 6581 641 443
5347 3709 6763 1021 1949 5449 3041 3907 6689 6067

5087 3583 1307 7687 1523 3643 223 7481 5483 401
5669 3229 7789 8527 4969 2549 1721 3929 1607 6121
5981 4021 3187 3167 4409 6827 1109 4241 1123 4129
4363 4801 1481 6367 7963 1747 2203 1061 3823 6949
3727 7069 2887 2221 8009 1987 2161 3301 8167 3449
7541 6361 967 5627 2309 4787 6581 641 443 7349
3709 6763 1021 1949 5449 3041 3907 6689 6067 5521
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CHAPTER &

performance and comparison.

SUMMARY ANDO  CON CLUSZONS

3.6 Summary

The previous sections address the necessity of database
computer development sirice conventional computers are not inher-
ently optimized for nonnumeric processing. The background
research has shown three major database models and their physi-
cal data structures and operations. Due to the advantages of the
relational data model, it has been chosen for most of the data-
base machines. The major problem with relational database
machines, however, is the frequently used and time-consuming
join operation. Accelerating the join operation is the key to
improving the performance of relational database systems.

As described in the background, there are three major join
algorithms: the nested-loop algorithm, the sort-merge algorithm,
and the hash-based algorithm, The nested-loop and sort-merge
algorithms were used for many database computers during the
early stages of database machine development. After Babb's
hashed bit array stores <BABBl> became known to the public, peo-
ple started recognizing how important the filtering technique is
<DEWI3, QADA2, SHAPl, VALD2>. Combining hashing and filtering

£ CGroopd >
techniques seems to be an ideal approach. Goodman and several
other researchers have taken advantage of Babb's hashed bit
array stores filtering technique, but the ideal approach has not
been fully explored yet. |

The dissertation, based on this ideal approach, sidt3—dis-
cuse§ he highly modular relational database computer equipped
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with a single chip back end processor for the join operation.
Parallel multiprocessing has not been chosen due to its complex
synchronization problems and lack of cost effectiveness.

~
gle join back end processor with specialized hardware:that max-

o ' _ ' . ; desrce
imizes the filtering effect during the hashing process 1ooks—

promising. Jus beew 0(@/%’0 . < D

Since the proposed join back end processor basically uses a
hash-based join algorithm, hash functions such as the simple
division hash method, which is generally accepted as superior,
need to be investigated before being adapted. It 1is assumed
that any necessary hardware aids are supplied during the imple-
mentation of the hashing process to speed up the address calcu-
lation time. The results of the experiments performed on the
hash algorithms will be included in the dissertation.

Based on the hash experimentation results, a hash method
will be selected. Then, a join algorithm will be developed using
the chosen hash method. The join operation in this database
machine will be simulated to prove the logical correctness, and
the necessary statistics will be provided at the same time.

The two different hardware and software back end approaches
will be examined and compared to offer a general idea as to
whether to build a new microprocessor or to implement the pro-
posed join algorithm on the existing MC68030 microprocessor,
used as a software back end processor. In both cases, the execu-
tion times for the chosen-hash algorithm will be provided in

order to make a better design decision.
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