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select * from T where X < 2

Background

bitwise logical operation b1 OR b2
Bitmap indexing

bitmap index
e Popular indexing technique for large data OD [ X [[=0 =1 =2 =3
e Widely applied in the industr rpop1 0 0 0
yapp Y 2| 1 0 1 0 0
However, 31310 0 0 1
41 21( O 0 1 0
e Storage requirements are very high without 503110 0 0 1
compression g i g (1’ g (1)
e To reduce redundancy and improve read sl 3llo o o 1
performance, we use compression and encodin by by b3 by

Figure 1. A sample bitmap index.



Run-length encoding (RLE) IR EEEE

NV

e Simplest method of compression
run-length encoding
e Replace consecutive repeating occurrences N’
of a symbol by “symbol + num of
occurrences” a3 | b1 el

000000000000001000011T000000O0OD0OOODOO

e This method can be more efficient | L1
if the data users only Os and 1s in lt j g 1+2
bit patterns and one symbol is | | | I
more frequent than the other | 2 2 T

1110 0100 0000 1100




Background

Read-optimized bitmap indexes

Base Dala Bitmap Index bitwise logical operation 10 OR 20
rid ColumnA rid 10 20 30 rid 10 20 30 rid 10 20 Ain[10, 20]
1 30 1/]0| |0 1 1.0 0o |1 10 0 0
2 20 2.0 1 0 2,0 1 0 2.0 1 1
s |s0 3 ol PG 1 3|0 0o |1 ot 3|0 0 0
4 10 buildindex 4 | 1 0 0 il I g 2 (Ain[10, 20]) ol + i 1
50 1 0 > 58 i = [
5 |(20/—=>5|0] |1 0
6|1 0 0 6|1 0 1
6 |10 6 1) NN N 700 (o] [1 7o 0 0
7 30 710 10} |1 8|0 1 0 8|0 1 1
8 20 80 1 0 Pad| 0 o| |0 Pad | 0 0 0
Figure 3: Searching a Bitmap Index for A € [10,20].



Background

Bitmap indexes are not suitable for updates

e In-place updates caused expensive steps of decoding and encoding, why?

Base Data Bitmap Index Base Data Bitma‘tlndexl
rid ColumnA rid 10 20 30 rid Column A rid 10 20 30
1 30 110 0 1 1 30 110 0 1
2 20 2.0 1 0 2 20 2|0 1 0
< |20 310 |0 1 3 |30 slol [o] [1
4 10 | buildindex 4 | 1 0 0 — 4 10 | buildindex 4 | 1 0 0
5 |20 ——=>5|0] |1 0 5 20 —=>5 0 |1 0
6 |10 6(1| 0] [0 6 |10 6 1/ 0 |0
78 30 70 0 1 7 30 710 0 1
8 20 8 0 1 0 8 |« 30 8|0 Yep K&




Update Conscious Bitmaps — Update

The state of art — Update Conscious

Bitmaps (UCB) id10 20 3 EB id 10 20 3 EB
1 [o] [ |- 1] 1o Qo 1] (1]
e Efficient deletes — delete then 20l |1] @) |1 ol 1] [0 @)
. 3lo| [o 1 1 update 310 0 1 1|
Insert 41| [o] [0} 1] ;%"‘;f:gm a 1] [of fof [1
e Existence bitvector (EB) sfo| |1] 8] [1|——=s[0] 1] [0 |1
6 1 0 0 1 6 1 0 0 1
e Out of place update - B "N N ;
e Avoided decoding + encoding slo| [1] o] [1] slo| (1| @ [
value bitvectors at every update ~ "¢I%0 [0 191 [0 0 ___J&

(a) Update value of second row from 20 to 10 using UCB.



Update Conscious Bitmaps — Read

Additional AND operation between value bitvector and EB

0 30

rd 10 2 EB rid 20 EB Updated rid 10 éo 30 EB rid 20 EB Updated
o] [o] 1] [1 ilo] [1] o tfo] fof 4] [4] tlo 1] e
wlo| 1 0o 0 v 1| 0 o | Sl I I LAREEE N
slo| o] [1]| |1 sfol [1] [o] gl 0 I B s ' e
¢[1] [0 [0 1| poveno 40 1] 0] M el s Rkl P B
S 1Y Y =5 | R =1 61| [o] o] [1] [e]lo] [o] [0
6 |1 0 |0 1 6|0 1 0 700l [o] [1] [1] 7 (o] [1] o |
700l [ol [1] [1] 7 lo| [1] 0| Y BB B g (1] [7] Ex
slo| [1] [o] [1] s 1] [1]| [1] 21| (o [o| |1 20 [1] [o]
2 [1] [o| [o] [1] 2 lo| [1] [o] S B B B

More updates and deletes — bitvectors are less compressible
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Update Conscious Bitmaps _s|
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e When answering a read query 9 s
: 8 10¢
o To perform AND operation, the T
. . | State-of-the-art Update-Optimized Bitmap Index —o— |
entire value bitvector & EB 0 . . il i gp eex,
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The problem: Scalability for Updates

Applications require support for both efficient reads and updates
Flaws with old approaches:

1. Read - optimized bitmap indexes designs are not suited for updates

2. Update optimized bitmap indexes (UCB) In place update does not
depend on past updates

e Drawback — Read performance does not scale with

updates (As more updates arrive, read queries become

increasingly more expensive. Why? )



Solution: UpBit

A scalable in-memory Updatable Bitmap index design
Two new design elements:

1. A corresponding update bitvector (UB) for every value bitvector

a. Incoming update — UB contains both new and old value

b. Periodically merged with values bitvectors then re-initialized (after exceeds the threshold)
2. Fence Pointers - direct access of compressed bitvector (any position)

a. Avoid unnecessary decodings

b. Enable efficient multi-threaded decoding of a bitvector



UpBit Design Patterns - Data Structure

A B AXORB Base Data UpBit Index
. 5 0 0 10 20 30

e Update Bitvector fid Column A fid VB UB VB UB VB UB
. 0 1 1

o  UpBit per value 1 30 1/0(l0| fo(lo| |1]|lO
1 0 1

o Initialize: all Os (Space) 2 |2 S | RN OB

, , ! ! 0 3 |30 s|oflo]| [o(lo]||1]fO

o Update: flip on bit 4 [10] buidindex 4 1 |lo| [ollo| Forllo

o  Current Value: XOR operation 5 ool ™= s5lollo! 1/lo [ollo

e Value-Bitvector Mapping (VBM, Hashing) 6 |10 6 |1(/0]||0|l0| [0|l0O

e Counter of 1s L [m | B | EnE

8 20 slojlo| | 1]/lo]| |0o]|loO

o  Avoid XOR
o Trigger Merging




UpBit Design Patterns - Fence Pointer (1)

Problem: How to access bit B[K] efficiently? a
101100100...0000...000000...00100..0000...000000...00001100010...0000...0000

Uncompressed bit sequence of 1736 bits.

Word Aligned Hybrid (WAH) Encoding 101100100...0400...000000...00100..0000...000000...00001100010...0000...0000

31 36x31 31 31 14x31

e Each 31 Not Encoded bits is a sequence

Grouping literals and runs.

e Encoded bits are word-aligned | 0101100100...00] | 100...00010] | 00...010000 | 100...100100 | 00...00110 | 0010...000 | 100...1110
WAH encoding.

0xx...xxx [31 bits] literal word

e Hybrid Encoding

o  For consecutives sequences of 0s or 1s:

run-length encoding
All 1s: 11xx...xxx [30 bits]

All 0s: 10xx...xxx [30 bits]

fill word

o  For short sequence of mixed Os and 1s:

literal representation




UpBit Design Patterns - Fence Pointer (2)

Fence Pointer (FP) Idea

) . a
e Fence: the position of not encoded word 101100100...0000...000000...00100..0000...000000...00001 100010...0000...0000
e Pointer: the position of the encoded word that Fence  [word1] [word2}3 [vord4] [vord 5} 40 word 41

starts with the content of this not encoded word

e  Granularity g on not encoded bitvector:

Gipuping literfls and runs.

Num of not encoded words between two fences
I 0101100100...00 | 100...00010 | 00...010000 | 100...100100 | 00...00110 | 0010...000 | 100...1110

g Approximation Pointers word 1 word 2 word 3 word 4 word 5




UpBit Design Patterns - Fence Pointer (3)

Steps: Building FP for bit vector V

Array of (umcomp_pos, comp_pos) pairs
g is the threshold when appending pairs
umcomp_pos is the pos of not encoded word

comp_pos is the offset of encoded word

2: |comp_pos =0
3: |luncomp_pos =0
4: \Uast_uncomp_pos = () .
5: ToF cach Implementation
6:  (if isFill(V;[pos]) then D in
7: value,length+ = decode(Vi[pos]) ecoding L]
8: uncomp_pos+ = length
9: else °
10: \_uncomp_pos—+ —+
11: i
: °
12: if uncomp_pos — last_uncomp_pos > THRESHOLD then
13: FP.append(comp_pos,uncomp_pos)
14: last_uncomp_pos = uncomp_pos
15:  |\end if
16: comp_pos++
17: endfor Append FP pairs
1003 w49 2002 w97
uncomp_pos | comp_pos uncomp_pos | comp_pos comp_pos




UpBit Design Patterns - Fence Pointer (4)

Steps to Get Bit B[K] (Input: row k, bitvector B): Example 1: Searching row 62073
1. Use FP to get nearest position pos Not encoded word: 62073/31 = 2002
2. While not found bit k: Bit Position: 62073 mod 31 =11

a. Decode word w at position pos Decode w97 and get position 11

b.  If found: return value val )
Example 2: Searching row 62150

Else: pos ++
P Not encoded word: 62150/31 = 2004

Nearest not encoded word: 2002

fence pointer index Bit Position: 62150 - 31*2002 = 88
| 1003 [wo | 2002 [wr | 3007 [ws

/;moded bitvector \ \
| |w91 |w92 IvB3 |w94 |w95 |w96/{w97 ste |wma|... |

partially decoded bitvector
1|e|e|1|e|1|1|e|1]|1

Decode from w97 and get position 88

0

1




UpBit Design Patterns - Scaling (Merging)

Step 1: Reuse result from XOR

merge (index: UpBit, bitvector: i)

[V

Vi=V:ioU; | .
comp_pos =0 ) Why Merglng?
uncomp_pos =0
last_uncomp_pos =0 Step 2: Build FP e Less Compressible UB
for eachi € {1,2,...,length(V;)} do
if isFill(V;[pos]) then i H itwi i
ralue, enathvt = decode(Vi[pos]) e Expensive Decoding and XOR Bitwise Operation
uncomp_pos+ = length
else
10: uncomp_pos + + .
11:  endif Merging Strategy:
12: if uncomp_pos — last_uncomp_pos > THRESHOLD then

13: FP.append(comp_pos, uncomp_pos) e Maintain a threshold T
14: last_uncomp_pos = uncomp_pos

1o Emla e When #1s > T: mark as “to be merged”
16: comp_pos++

%‘f_ﬁ:{s ] g e Merge UB and VB to VB in the next search operation (Reuse)

Algorithm 7: Merge UB of bitvector i.

WERANE DN

Step 3: Re-initialize UB



UpBit Operations - Searching a Value

10 ( 20 ) 30 , 20
rid VB UB | VB UB | VB UB nid VB UB  Updated
+ o[olf[o[o]| 1[0 o [ e
Steps (Input: Value val): 2 Jo(1]|[1]1]|o][e 21 1 |0
. . ‘ollo]lllo]lo] ol 3|0 0 0
1. Retrieve VB and UB given val (VBM) | 1] |mE| Probe A=20 = =
+ |+ |lol{ o o f Fo¥ fo + Bl el = o]
2. Check Counter s Blolll 1 Tolllolle s[1] [0 1
a. All zeros: return VB 6 | 1|{0]|lfo[o]|[0o][0] 6 (0 |0 10|
7|o|fol|lfo|lol] 1|0 710 0 0
b. Return VB XOR UB — | = — P
s oo/t o]0l 8 1] o 1

| —




UpBit Operations - Deleting a Row

10 (20 ) 30 10 20 30
rid VB UB| VB UB |vB UB rid VB UB VB UB VB UB
1lo(folllolla]|]1]|lo 1{ollo]| |ollo] |1]lo
2lo|lo|[1]|fa] [o]lo 2/ollo [ 1/[1]]ollo

Steps (Input: Row k: 3 lollol|l[ollol|1][o slollo| Toror | 1/[o
1. Find the Value val of row k al1|la|llo]lo| [o]fo Delete Row 2 4/1/lo| |o|fo] [o]|o
. . 5 oll[1]fo] |o]|lo 5 |ollo| [1]|[o] o]l
2. Retrieve UB given val (VBM) @ bl 1 F =
6 1 REN| N ansl B | B
3. Flip UB at position k: UB[k] = "UB[K] 7|0]|fo]l[o]fo |10 7|ollo]| (oo |1][e
slo(loll/1]|fo]|o]|lo slollo]| [1([o] |o]lo
Pad/ 0|0 ||/lo| 0o |o] o Pad 0 [0 0 |0| 0|0
| I (A

Question: How to find the value of row k?




UpBit Operations - Get Value of a Row

N
J
N\
J

N
10 20 3

p
0
rid|vB UB ||vB UB ||vB UB
Steps (Input: Row k): Parallel Reading 1Jollolffo ol 1]lo0
For each Value val in range [10, 20, 30]: Gl |- | =
- - Get Value of Row 2 ST O e 1 (9
1.  Retrieve VB and UB given val (VMB) sl 1llolllliolloll oo
2. Returnval if VBIK] @ UBK] 5 [Lo|follf 1 [[olfjfo]j0]
61 1 /[NCH | [NON SO | |HON RON
7{fo|loll|lo|lolll 1 |fo
gllofolffr [o]folo
—/ \\ I\




UpBit Operations - Updating a Row

e 20 0 10 20 30
id VBIUB| VBIUB] VB UB rid VB UB VB UB VB UB
Steps (Input: Row k, Value val): | | S | | . 1 Tollo] [olfe] [1][o]
2lofofl|1]|fo]l [o]l o e

. A ] Ml Bl 2 [o[1] |[1]]1 ﬂ 0
1. Retrieve UB_i given val (VBM ]
- given val (VBM) > [oiffoll oifial) | « o3 s 00 o0 10
2. Find the old value old_val of row k 4 1pofopolio o ypdateRow2 4 [1|lo| oo |0l 0]
i j g iy IR g s 0|0 1]0 0 0
3. Retrieve UB_j given old_val (VBM) 6 1]0 1 5 ,LE from 20 to 10 . LG i Gl
4. Flip UB_i at position k: UB_i[k] = “UBL_i[k] 7 RCRON] RORNCN | 1 | BN 7 [olo]| [ollo] | 1] 0]
: . " . . 8 EONON] | 1 0N RO O s lollo| [1][o] [0l 0]
° =" | T~ =Rl I S 1

5. Flip UB_j at position k: UB_j[k] = 7UB_j[k] padlo lloll Follioll [ollo Ped 0|0 910 0|0

How UCB update?

e Delete (Invalidate) then Insert: need to keep row mapping

e Single EB: all updates require changing EB -> Less compressible



UpBit Operations - Inserting a Row

10 (20 ) 30 10 20 30

rid VB UB| VB UB |VB UB id VB UB VB UB VB UB

Steps (Input: Value val): | | uE N | B | §RE
_ , 2/0([ofl[1]fo] [o] o 2 loflo] [1]|/o] [o]lo

1. Retrieve UB given val (VBM) slollo]l[ollo]|]1]l0 3 lollo| [o]lo] [1]|[0]
2. If no padding space: extend UB 4(1|lof [o]lo]|[o]lo Insert value 20 4 [1][o]| [o]lo] [o] o
5 ol [1]([o][o]lo 5 [olo] [1]|/o] [o]l0]

3. |UB.#elements ++ @ (e Il 5 5 L 5 | 5
6 1 RN N (N 6 | 1//0] fO/j0 O}/ 0

4. |UB[#elements] ++ A5 B BRI 7 Follo]| [ollo] [1][o
slo(lofl[1]lo][o] o 8 lollo] [1|/o] [o]lo

Pad 0 |0l [0/ 0 |0 0 9 o|lofl[1][e]]o]0

Why UB? - —— -

Typically Smaller and more compressible




UpBit VS UCB

UpBit
e One UpBit per Value
e XOR Operation
e Partial Decoding using FP
e Scalability by Merging

e No Invalidation

UCB
Only One EB: Burden concentrated on one bitvector (less compressible)
AND Operation
Full Decoding: Poor performance on reading an arbitrary row

Poor Scalability: Need to merge EB with each VB

Invalidate Rows: Need to keep a mapping when a row is updated




Evaluation

e Tested Approaches
o In-place updates - Read-optimized Bitmap Indexing
o UCB - Update-Conscious Bitmaps
o UpBit

e Workloads

o  Synthetic data sets
o Real-life data sets (Berkeley Earth dataset, TPC-H)
e Notations

o n:data size
o d: domain cardinality (i.e., # of different values)




Stable read performance

0 Uce o | | | | ' e UpBit scales with the
UpBit —<— | number of updates,
limiting the size of UBs

y (ms
= N NN W W
g O O © O,
T

SEHHHHHKH PR HAARH A A AR KK
Ideal

Read Latency (

—_
o

(6}
T

o

50 100 150 200 250 300 350 400

o

# updates (thousands)




Evaluation - Update and Read Performances

35 35
In-place —— In-place ——
0f UCB == - 30 | uBe== | Nn=100M
- UpBit m = UpBit d=100
E 25| ] ] ] g 25| - _ - .
g 20 | g 20
T o
- 15} S 15}
3 3
§ 10 f - &; 10 + 4
i A | s
0 o 0
1% update 5% update 10% uUpdate 1% update 5% update 10% update
What causes the increase in latency? 1. Merging

2. Lower compressibility compared to
initial state




Evaluation - Update and Read Performances

w
[$)]

35

In-place —— In-place —— _
0f UCB == - 30 | uBe== | n=100M
@ UpBit —_ UpBit m— =
€ 25 B t | T - | d=100
g 20 g 20
1 (o)
J 15| g 15¢
g 10 g 10
LN (TN (] il Bl .l
0 0
1% update 5% update 10% update 1% update 5% update 10% update
e 15-29x faster than UCB e Only 8% read overhead over optimal
e 51-115x faster than in-place e 3x faster on read performance than UCB

Read latency pays off for update performance



Evaluation - Impact of Updates/Deletes/Inserts

3000 T T T T T T T T T T T 3000 T T T T T T T T T T T 3000 T T T T T T T T T T T
Update Delete mmmmm Insert m—
@ 2500 | r ‘ B@asu? 1 5 2500 | r_\- _—— 1— - Rsad;@ ; 7 2500 1 Read 1
> N = 2 N N\ >
§ 2000 - R , J g § 2000 ‘!\“V__ — o | e | J 4 E 2000 -
S 1500 | \ N\ ] S 1500 | S 1500 |
o \ ] : o
g \\ N g AR g
£ 1000 ¢ N\ . £ 1000 F __ o $ 1000 | .
o NIRNIR SN % o 1 2 o N\ X N K 3 K
i MR # =t F N0 ANY A
0 \ ) \ 0 \ o \ " . X \ N \, \ \
In-place UCB UpBit In-place UCB UpBit In-place UCB UpBit In-place UCB  UpBit In-place UCB UpBit In-place UCB UpBit In-placeUCB  UpBit In-place UCB UpBit In-placeUCB  UpBit
1% update 5% update 10% update 1% delete 5% delete 10% delete 1% insert 5% insert 10% insert

(a) UpBit vs. UCB vs. in-place for updates.  (b) UpBit vs. UCB vs. in-place for deletes.  (c) UpBit vs. UCB vs. in-place for inserts.

What may be the reason for the higher
latency in update compared with delete?

Synthetic data set

e n=100M,d=100
e Workloads: 100k queries, 1%/5%/10% update/delete/insert




Evaluation - Scaling

In-place: Significant grow in

3000 T T T T T T T T T T T 250 T T T T T T T T T T T
Mix UDI" H . Mix UDI
- Bead | s latency for mixed UDI queries i ]
§ 00! N N § 32000l [ ] =
5 N\ \ 5 150 g
g 1500 | o g 3 1500 } \ :
1] N @ 100 B >
£ 1000 B ¥ m g 1000 | : : .
o NININ S 5ol Pop S] \ S
= 500} I—I N = N\ = 500} [ \ 1
[EEESNES 0 0 ' . N,
In-placeUCB UpBit In-place UCB UpBit In-place UCB UpBit In-place UCB UpBit In-place UCB UpBit In-place UCB UpBit In-place UCB UpBit In-place UCB  UpBit In-place UCB  UpBit
1% mix 5% mix 10% mix 1% mix 5% mix 10% mix 1% mix 5% mix 10% mix
n =100M n=100M n=1B

Synthetic data set

e Workloads: 100k mixed queries




Analysis - UpBit vs. Scan

105 . e UpBit outperforms fast

o | 0.5B scan at selectivity up to 1%
m
E10%[ 1M
6 . .
S 102 Selectivity: % of elements selected
g ; from a column
= i UpBit (range query) —&—

UpBit (equality query) —3—
100 Scan —¢—
0.1% 1% 10% 100%

Selectivity




. but most time used for

Tuning - Merging Threshold
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Tuning - Fence Length

More space overheads, less compressible Less overheads, more compression
Fence Length
Faster decoding Slower decoding
16 10!
UpBit 0
AL 14 >-\—5-\- N Space overhead — = — ; 0 5
p N 12 | I ( M it E
I 2 10| ' {102 g
= I 1103 £
g 8\ S= == =={10° £
2 6 {10* &
— . | [0]
l 4| 110 §
Q.
2t 1108 @
}< .7
0 10
I ’7917, ”0//, 0% ”9//7 ’791,5 ”01,;/ ”9//, /,/70’4\ R
¥ 700 707 709 )'03 VX 705 706' 70>

Figure 20: UpBit’s optimal behavior needs
Need to experiment for different dataset. fence pointers every 103-10° values having
less than 0.5% space overhead.



Tuning - Parallel Reading

180

Base Data UpBit Index seo (B | | Get Value =1 |
10 20 30 140 |
rid Column A id VB UB VB UB VB UB _ 120 |
2100 |
1 |30 1loflo]| [ollo]|]|1]|lo !
2 20 20(l0 110 0/l 0 = 60t .
3 |30 slloflolollo][1]0 ool '
o ] JCRISCR BN | Ipgil] . |
4 |10/ buid 'nde{ aff1{lofloflo]lolol] , 0
—— b= =l = === = - 1 2 4 8 16
5 |20 —=>T[o][ 0 |[TTo[lo o Fence
Number of threads
& |10 ST T I I [ Figure 21: Bitvectors parallel scans scale
7|80 7 oo e B with number of threads, leading to 3.9x im-
8 |20 8 0| |1(/0] 0|0 provement in get_value.




Impact and Tradeoff 3500

Value Bitmaps ==
7 3000 ¢ Update Bitmaps ] -
s Fence Pointers mmm
. = 2500 | Existence Bitmap &z
In-place: In-place Update Bitmaps 8 2000 |
_ . g 1500 | L]
UCB: Update Conscious Bitmaps 8 1000 | H H H |
Q.
» 500 i
UpBit-FP: Fence Pointers, no Update Bitmaps 5 ﬂ ﬂ ﬂ ﬂ
05,28 Yo Losit "o, 2C8 Yosi Josir
UpBit FP and UB Compressed Uncompressed

Figure 25: While UpBit auxiliary structures
add a lot of raw space, when compressed the
space overhead of UpBit is negligible.




Impact - Size

3500
Value Bitmaps 1
7 3000 - Update Bitmaps =
s 2500 | Fence Pointers | I
e Existence Bitmap &z : | UB can be efficient
I
£ 2000 ¢ || compressed
g 1500 | H ]
I
g 1000 - ~---- ; T I UB also makes bitmaps more
1 .
& whgl { [T 1 ' compressible, less
o ! ! uncompressed bits so less fence
0 ! .
Compressed Uncompressed

Figure 25: While UpBit auxiliary structures
add a lot of raw space, when compressed the
space overhead of UpBit is negligible.




Impact - Fence Pointer only

30 = i 10!
[ UpBit-FP = |
25 | Space overhead — x— | &)
110°
g 20 " 3
~ [)
3 15 | 11017 €
S 2
© I QIS ] =
S 10 : \.\ ] 10_2 §
5t I : S : &
1
0 . : 103

7S e \_ 4 S 0
o, . "o, N 0%, R "0, R P
700 707 702 7093

Figure 23: Fence pointers alone offer more
than 2 X better performance, having less than
10% space overhead.




Tradeoff - Fence Length

35 102
Read s Update w3 Memory —»— | 10" 5
.l - 1100 ®
25t / ] 105 Read
£ 119,08
~20 ¢ 1102 $
> | 3= Update
151 [ 110° © P
2 SN~~~ "~~~ <" 4 8
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Figure 26: In order to decide fence pointer granularity we analyze
the expected workload to get the best combination of performance
and memory overhead.




Performance gain - FP and UB
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Figure 24: Both fence pointers, and update

bitvectors contribute towards the overall per-
formance gains of UpBit.




Experiment on TPC-H
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Figure 27: UpBif achiéves significant benefits up to 6x compared to
the scan-based execution of TPC-H Q6, when varying the selectivity
of the 1_quantity clause.




Conclusion

Goals: Designs:

3 Higher compressibility -> Distributing the update overhead
to multiple UBs

1 Efficient access to value -> Partial decoding with fence
pointers

A Bounded cost of updates

-> Query-driven UB merging




Further Discussion: Concurrency Control

e What concurrency control strategy should we choose for UpBit?




Q&A

Thank Youl!

Any questions for us?

BN



