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FIGURE 9.1 Physical organization of a disk storage unit.
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I I 666666666 | MGT123 | F1994 | 4.0
123454321 | CS305 | S1996 | 4.0 | page O
987654321 | CS305 | F1995 | 2.0
111111111 | MGT123 | F1997 | 3.0
123454321 | CS315 | S1997 | 4.0
S 666666666 | EE101 | 51991 | 3.0 | page 1
“ 123454321 | MAT123 | S1996 | 2.0
u 234567890 | EE101 | F1995 | 3.0
- 234567890 | CS305 | S1996 | 4.0
- 111111111 | EE101 | F1997 | 4.0 | page 2
111111111 | MAT123 | F1997 | 3.0
D1 987654321 | MGT123 | F1994 | 3.0
] i . . ]
FIGURE 9.2 The striping of a file across four disks. 225360777 | CS305 51996 | 3.0
0 . 666666666 | MAT123 | F1997 | 3.0 | page 3
’ ‘ FIGURE 9.3 TRANSCRIPT table stored as a heap file. At most four rows can be fit in a page.
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I 666666666 | MGT123 | F1994 | 4.0 I 111111111 | MGT123 | F1997 | 3.0
123454321 | CS305 | S1996 | 4.0 | page 0O ﬁ:ﬁiﬁ: :E‘gs Ezz; :'z page 0
987654321 | CS305 | F1995 | 2.0 .
123454321 CS305 51996 | 4.0
123454321 | CS315 | S1997 | 4.0 123454321 | CS315 | 51997 | 4.0 | page 1
666666666 EE101 51991 3.0 page 1 123454321 | MAT123 | S1996 | 2.0
123454321 | MAT123 | S1996 | 2.0
234567890 EE101 F1995 3.0 234567890 | EE101 F1995 | 3.0
234567890 | CS305 S1996 | 4.0 | page 2
234567890 | CS305 | S1996 | 4.0 wosaeorrr | csson | stose | 3.0
page 2
666666666 | MGT123 | F1994 | 4.0
987654321 MeT123 F1994 3.0 666666666 | MAT123 | F1997 | 3.0 | page 3
| 425360777 | CS305 | S1996 | 3.0 | 666666666 | EE101 | 81991 | 3.0
666666666 | MAT123 | F1997 | 3.0 | page 3
. 666666666 €S305 51998 3.0 . 987654321 | MGT123 | F1994 | 3.0
. . 987654321 Cs305 F1995 | 2.0 | page 4
’ FIGURE 9.4 TRANSCRIPT table of Figure 9.3 after insertion and deletion of some rows. ‘ FIGURE 9.5 TRANSCRIPT table stored as a sorted file. At most four rows fit in a page.
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FIGURE 9.7 A storage structure in which an index is integrated with the data records.
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111111111 MCT123 | F1997 | 3.0 566666666 MeTi2a | Fi99d | 2.0
111111111 EE101 F1997 | 4.0 | page O 666666666 EE101 S$1991 .0 | page 3
111111111 MAT123 | F1997 | 3.0 666666666 MAT123 | F1997 | 3.0
123254321 cs305 | 51996 | 2.0 987654321 MCT123 | F1994 | 3.0
987654321 €S305 | F1995 | 2.0 4
' 123454321 CS315 | $1997 | 4.0 | page 1 , page
123454321 MAT123 | S1996 | 2.0
| Overflow: 5 | | 313131313 CS306 | F1997 | 4.0
234567890 EE101 F1995 | 3.0 page 5
¢ 234567890 CS305 | S1996 | 4.0 | page 2 ¢
. 234567890 LIT203 | F1997 | 3.0 .
425360777 CS305 $1996 3.0 FIGURE 9.6 The TRANSCRIPT table (augmented with overflow pointers) stored as a sorted
‘ ‘ file after the addition of several rows.
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FIGURE 9.8 A clustered index that references a separate data file.
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FIGURE 9.9 An unclustered index over a data file.
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FIGURE 9.10 The index entries of (left) a sparse index with search key Id and (right) a dense
index with search key Name. Both refer to the table PROFESSOR stored in a file sorted on Id.
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Index File
mj;;"g's"‘ for 009406321 - 009406321 Jacob Taylor MGT Mary Brown
Index Entries 234567891 101202303 John Smyth CS Mary Brown
| | | ‘ ‘ | Index Entries 666777888 121232343 David Jones EE Ying Chen
Sparse 131141151 Anita Cohen CS — Anita Cohen
Index 234567891 Mary Brown ECO Mary Doe
333444555 Ying Chen CHE David Jones
, ' 444555666 Sanjay Sen ENG — Sanjay Sen
555666777 Mary Doe  CS John Smyth
Data Records
666777888 Mary Brown PHY Jacob Taylor
900120450 Ann White ~ MAT «————— Ann White
| |
PRoFESSOR Dense
Index
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FIGURE 9.11 Sparse
index with a problem:
the search key is not a
candidate key.
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009406321 Jacob Taylor ~ MGT
101202303 John Smyth Cs
121232343 David Jones  EE
131141151 Anita Cohen cs
234567890 Mary Brown ECO
333444555 Ying Chen CHE
444555666 Sanjay Sen ENG
555666777 Mary Doe CS
666777888 Mary Brown PHY
900120450 Ann White MAT
PROFESSOR

FIGURE 9.12 Dense index on PROFESSOR with search key Name, DeptId.
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FIGURE 9.13 A two-level index. At most four entries fit in a page.
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’ FIGURE 9.14 Schematic view of a multilevel index.
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Separator Entry
-
Po| ki [P| ke | P ko | Py
2
| | | | | ' y
l l l l 1 | abe | jane | joe |_]udy karen |pete phil |r1ck sol
| FIGURE 9.15 Page at a separator level in an ISAM index. |
s FIGURE 9.16 An example of an ISAM index.
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I FIGURE 9.17 Portion I
of the ISAM index of
Figure 9.16 after an
insertion and a deletion.
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0 0 FIGURE 9.18 Schematic view of a B* tree.
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. FIGURE 9.19 Portion of the index of Figure 9.16 after insertion of an entry for vince.
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FIGURE 9.20 Index subtree of Figure 9.19 after the insertion of vera has caused the split
of a leaf page.
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| FIGURE 9.21 Index subtree of Figure 9.20 after the insertion of rob has caused the split of
a leaf page and of a separator page.
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FIGURE9.22 B tree that results from the insertion of vince, vera, and rob into the index
of Figure 9.16.
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FIGURE 9.23 A pseudocode rendering of the B tree insertion algorithm. An entry in the index has
the form < k, P> where kis a searchdey value and P is a pointer, and the tree nodes have the form
o, <ky, Py, <k, Py 1>, < ky P >). Inthe figure, +ptr denotes dereferencing
(1. the actual tree nodes pomvpd o by the pointer ptx) and &noda denotes the address of node.

proc insert(subtree, new, pushup)
71 Insert entry *new into subtree with root page *subtree (new and subtree are pointers to nodes).
The maximuim number of separators in a page is < (assumed to be even). pushup is w11 initially
and upon return unless the node pointed to by subtee is split. In the latter case it contains a pointer
o the entry that must be pushed up the tree. If the number of levels in the tree increases, *subtree
i the new oot page when the outer level of recursion returns.
if ssublree is a non-leaf mode
let's denote it N=
Lot 1 be the mumber of sapavators in N
2o 1 be such chat k (search-key value of wiew) < ki
0 if (search-key value of wnew) < ki
if k, = (search-key value of snew);
snsers (P, new, [lus)ruy)
lf pmhup is mull return;
/1 then Apus’mp has the form < key  pir >

<k Py>)) then

if ssubtree is a leaf page (denoted L) then
if L has fewer than & entries then
insert snew in L in sorted order;

pushup = null;
return;
else // L has ® entires

add #new to a list of the entries in L in sorted order
split L: first (®/2)+1 entries stay in L;
the remaining ®/2 entries placed in a new page, L';

lf N has fewer that ® entries then // recall: N = *sublree pushu[z &(<snallest key value in L, ury>
inserc spushup in N in sorted order; set sibling pointers in L, L/, and in the leaf page following L';
| pushup := null, return;
return; endproc
else 1/ N has @ entries
. add spushup to a 1ist of the entries in N in sorted order .
split N: first ®/2+1 entries stay in N,
last ®/2 entries are placed in new page, N
. pushup := &(<smallest key value in N', &(N)>); .
if N was the root of the entire B' tree then
create a new root-page N containing <k(N), #pushup>;
‘ subtree i= BN ‘
return;
' T ! T
II FIGURE 9.24 A pseudocode rendering of the first part of the B+ tree deletion algorithm. An entry II
in the index has the form < k, P> where k is a ssar(hrkey value and P is a pointer, and the tree
nodes have the form (Py, < ki, P1 >, < kz, 1>, < ky, Py ). In the figure, sptr
denotes dereferencing of ptr and &node denotes the addrest of node. FIGURE 9.24 (continued)
proc delete (parentptr, subree, oldkey, rmnmxpn) if (number of entries in N) = ®/2 then
7/ Delete oldkey from subtree with root *s removedptr := mull;
// The minimum mumber of separators in a [n(‘(e is ®/2 (@ is assumed to be even). return;
// parentptr is null initially, else // N has fewer than ®/2 entries
7/ but contains a pointer to the current index page of the caller thereafter. use parentptr to locate siblings of N;
7/ removedptr is null initially and upon return, unless a child page has been if N has a sibling, S, with more than ®/2 entries then
// deleted. In that case, removedptr is a pointer to that deleted child. if S is a right s’ibl’mg of N then
On return, *subtree is the (possibly new) root of the tree. s
7/ Onretumn, Psublree is the (possibly new) root of the tree redistributeleft (parentptr, subtree, &(S)); // recall that here *subtree =N
if ssublree is a non-leaf node removedptr := null;
(henceforth denoted N =(Py, <ky, Py >, ..., <ky, P, >)) then return; .
let n be the number of separators in N; else  // Sisaleft sibling of N
let i be such that k; = oldkey < Kis1 redistributeright (parentptr, &(S), subtree); // recall that here *subtree = N
or i=0 if oldkey < ky or if k, < oldkey; removedptr := mull;
delete (subtree, P;, oldkey, removedptr) ; return;
if removedptr is mull then return; // no pages deleted in the process clse  // merge N and asibling S
1 else // achild page has been deleted | choose a sibling, S;
zenovs separator containing remmdpn from N; let M1 be the leftmost of the nodes N and §, and M2 the rightmost;
if N is the root of the entire BY tree then removedptr := &(M2);
’ if N is not empty then rctum, ’ move all entries from M2 to M1;
else // delete root node ° Vo
. discard N . discard M2;
subtree = Pj; return;
return;
¢ // Nis not the root ¢
™ ™
I I FIGURE 9.25 A continuation of the pseudocode from Figure 9.24 for the procedure delete () I
if ssubtree is a leaf node (denoted L) then
if oldkey is not in L then return;
if (number of entries in L) > ®/2 the
delete entry containing oldkey !ram L
removedptr := null;
return. FIGURE 9.26 A pseudocode for the procedure redistributeleft () called by the procedure
ase /) Lias o2 nties delete () inFigure 9.24. The procedure moves a key from xrightptr to xparentptr and from xparentprt
delete entry containing oldkey from L; to +leftptr
use sibling pointers to locate siblings of L; .
if L has a sibling, §, with more than ®/2 entries then proc redistributeleft(parentptr, lefiptr, rightptr)
if § is a right sibling of L then . //Let el be entry in *parentptr containing rightptr: e1 = < ky, rightptr >
rad)stnb\lte]afc(pammpzv, subtree, &(8)); // here *subtree =1 7/ Let €2 be smallest entiy in *rightptr €2 — < ky,ptr
removedptr := null c ¢
, el ' //Let Py be the leftmost pointer in *rightptr
else // Sisaleft sibling of L add <ky, Po> to slefiptr;
redistributeright (parentptr, &(S), subtree); // here *subtree delete el from xparentptr;
removedptr = null; add <ky, rightptr > to sparentptr;
return; 3
d delete ¢, from +rightptr;
O ose o i L sl S set the leftmost pointer in wrighiplr to pir;
| let M1 be the leftmost of the nodes L and S, and M2 the rightmost; | endproc
removedptr = £(M2);
nove all entries from M2 to M1; — — -
’ discard M2; ’
adjust sibling pointers;
(] return; ¢
endproc




0 FIGURE 9.27 Index subtree of Figure 9.19 after the insertion of a duplicate entry for vince
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FIGURE 9.28 Schematic depiction of a hash index.
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. FIGURE 9.29 With extendable hashing, the hash result is mapped to a bucket through a . current_hash Bs
’ directory. 0
‘ ‘ FIGURE 9.30 Bucket B; of Figure 9.29 has been split using extendable hashing.
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¢ bucket_level [6] ¢ FIGURE 9.32 Linear hashing splits buckets consecutively. The shaded buckets are accessed
) ) through by, .
‘ FIGURE 9.31 Bucket B, of Figure 9.30 is split, without enlargement of the directory. "
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0 0 FIGURE 9.34 Partially specified B tree.
FIGURE 9.33 (a) State of a linear hash index at the beginning of a stage; (b) state after insertion of
’ s01; (c) state after insertion of judy. ’
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" FIGURE 9.35 B tree.




