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Bottleneck: Sub-Optimal Data Systems
v
¢

Ryan Booth @thatiguy 15 - Mar 4 v

Oh fun! Another high cloud bill. This is exactly how | wanted to spend the
rest of my week...

Matt Getty @aspen - Feb 16 v
The Cloud is as high in the sky as the bill from AWS*

*for a tremendous amount of workloads

CiscoEvents @CiscoEvents - Jan 28 V

Is your cloud bill too high? Learn how you can control cloud costs with
CloudCenter Suite.

Translucent Computing @translucentcomp - Jan 20 v

ﬁ #Kubernetes cloud costs are getting out of hand. Working with many
clients and different cloud service providers, in more than 70% of cases,

we see the VM cluster nodes are underutilized, which leads to a high
cloud bill.
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LAYOUT PRIMITIVES

<4—ALGORITHMIC ABSTRACTIONS—> <«

Design Abstractions of Template

Type/Domain

Examp e templates for diverse data structures

RocksDB | WiredTiger FASTER A new
variants variants variants design

Design and hardware specification

Data access

Parallelism

. 1. § Key size: Denotes the size of keys in the workload. unsigned int auto onfigured from the sample workload
v ‘
S 2. { Value size: Denotes the size of values in the workload. All values are accepted as string/slice ‘
“ : ) : auto4configured from the sample workload
= { variable-length strings. max size set to 1 GB
k> | : :
~ 3 i Size ratio (T): The maximum number of entries in a block (e.g. growth factor in uns1gn§d integer | [32, 64, [1000, 1001, ...] o)
2 " § LSM trees or fanout of B-trees. function (func) i 128, 256, ..] (T 1s large)
%0 4. Runs per hot level (K): At what capacity hot levels are compacted. unsigned int 1] :
s, | Rule: should be less than size ratio.
S iRuns per cold level (Z): At what capacity cold levels are compacted. e it | -
= | 9 §Rule: should be less than size ratio. Hnsigned i [1]
Q '
§ 6. § Logical block size (B): Number of consecutive disk blocks. unsigned int [2048, 4096, ...]
Q _
ol
& | 7. {Buffer capacity (Mp): Denotes the amount of memory allocated to in-memory 64-bit floating point | [64 MB, 128§ [1 MB, 2 [64 MB, 128 h/w
3 ibuffer/memtables. Configurable w.r.t file size. function (func) MB, ...] MB, ...] MB, ...] dependent
N : . . . ‘
= ) ) : : 64-bit floating point | { memory to { memory for | memory for h/w
: hashtables). § &P ‘ Iy
:§ 8. {Indexes( M p): Amount of memory allocated to indexes (fence pointers/hashtables) ‘_, function (func) | cover I  first lovel hash table dependent
9. § Bloom filter memory (M pzr): Denotes the bits/entry assigned to Bloom filters. 64-bit float | func(FPR) 10 bits/key § func(FPR)
10. { Bloom filter design: Denotes the granularity of Bloom filters, e.g., one Bloom | file
? filter instance per block or per file or per run. The default is file. block | file | run file j

%) ' . . . . .
9 1 Compaction/Restructuring algorithm: Full does level-to-level compaction; ctial | full | hvbrid full, , _ :
S 1. § partial is file-to-file; and hybrid uses both full and partial at separate levels. partial | full [ hybri partial partial partial hybrid
S
3§ 0 i Run strategy: Denotes which run to be picked for compaction (only for partial/ first | last full | fullest | first, fullest, First
S "4 hybrid compaction) — B ‘ s fullest
= ; ' ast_full
= { File picking strategy: Denotes which file to be picked for compaction (for partial/ | oldest merged | ‘ dense_fp
.§ 13. § hybrid compaction). For LSM-trees we set default to dense_fp as it empirically works §  oldest_flushed | dense fp | dense fp ' choose first (hot),
3 the best. B-trees pick the first file found to be full. LSH-table restructures at the ' sparse fp | choose first - B choose first
S, . parse_fp | _
S 1 eranularity of runs. (cold)
S ' Y |
= | 14. { Merge threshold: If a level is more than x% full, a compaction is triggered. 64-bit floating point [0.7..1] | 0.5 0.75
= ‘
T | 15 {Full compaction levels: Denotes how many levels will have full compaction (only unsigned integer | (1.1 L-Y (from
§ 4 for hybrid compaction). The default is set to 2. function (func) N optimal config)
QL ‘,
= 6. fi No. of CPUs: Number of available cores to use in a VM. unsigned int Use all available cores

17.{ No of threads: Denotes how many threads are used to process the workload. unsigned int Use I thread per CPU core
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LAYOUT PRIMITIVES

<€—ALGORITHMIC ABSTRACTIONS—»> =

Design Abstractions of Template

e g 2 - o e = > - g i g 2~ g

Design and hardware specification

Data access

Parallelism

1. Key size: Denotes the size of keys in the workload.

Type/Domain

Example templates for diverse data structures

LSM
variants

unsigned int

variants

B-Tree LSH

variants

A new
design

autd ,‘ configured fr the sample workload

2. 4 Value size: Denotes the size of values in the workload. All values are accepted as
% variable-length strings.

string/slice

max size set to 1 GB

\ .

autdhconfigured fr the sample workload

l Size ratio (T): The maximum number of entries in a block (e.g. growth factor in

unsigned integer |

[32,64, $[1000, 1001, ...]

°‘ for hybrid compaction). The default is set to 2.

function (func)

optimal config)

16.8 No. of CPUs: Number of available cores to use in a VM.

unsigned int

Use all agilable cores

W
Q
S
>
5
S
NER \ . [2,..32] § | 2
- " § LSM trees or fanout of B-trees. ' function (func) i 128,256, .1 § (Tis large)
%0 4 ;Runs per hot level (K): At what capacity hot levels are compacted. ' nsiened int :
= # Rule: should be less than size ratio. 8 [1..T] : [T-1] /
§ Runs per cold level (Z): At what capacity cold levels are compacted. ' o od it LT . -
= | > . Rule: should be less than size ratio. Hnsigned [1.. 1] [1]
< ‘ g
§ 6. # Logical block size (B): Number of consecutive disk blocks. unsigned int [204884096, ...]
) k | P,
i~ ¥ Buffer capacity (Mp): Denotes the amount of memory allocated to in-memory 64-bit floating point | [64 MB, 128 [1 MB, 2 ' [64 MB, 128 h/w
B _buffer/memtables. Configurable w.r.t file size. function (func) MB,...] § MB,...] MB, ...] dependent
= 31 Mep): A t of Nocated to i . inters/hashtables). & 64-bit floating point | memory to § memory for § memory for h/w
S§ 8. 3 ndexes( M pp): Amount of memory allocated to indexes (fence pointers/hashtables) function (func) cover L. il firstlevel & hash table dependent
9. § Bloom filter memory (M pr): Denotes the bits/entry assigned to Bloom filters. £ 64-bit float | func(FPR) 10 bits/key § % func(FPR)
10. @ Bloom filter design: Denotes the granularity of Bloom filters, e.g., one Bloom i i 3 fil
2 filter instance per block or per file or per run. The default is file. block | file | run file : e
» , . . . . ¥
S - Compaction/Restructuring algorithm: Full does level-to-level compaction; rtial | full | hvbrid full, § , , ,
S 11.4 partial 1s file-to-file; and hybrid uses both full and partial at separate levels. E partial | full [ hybr partial g partial partial hybrid
VE o " ‘1
) ! . . . . . ‘ ‘ |
9:\ 12 1lllun.strategy. Denotes which run to be picked for compaction (only for partial/ first | last full | fullest first, fullest, ! ‘\ First st
9 ybrid compaction). last full § :
= § File picking strategy: Denotes which file to be picked for compaction (for partial/ oldest merged | : dense fp
_§ 13. ¥ hybrid compaction). For LSM-trees we set default to dense fp as it empirically works § oldest_ﬂusﬁed | dense fp | dense fp ' choose first (hot),
E 4 the best. B-trees pick the first file found to be full. LSH-table restructures at the ] sparse fp | choose first - K T choose_first
S § granularity of runs. i Bl - | ! (cold)
) : 3 | ‘\
= | 14. § Merge threshold: If a level is more than x% full, a compaction is triggered. | 64-bit floating point [0.7..1] % 0.5 3 0.75
= ; # ]
T |15 4 Full compaction levels: Denotes how many levels will have full compaction (only unsigned integer | (1.L) J 3 L-Y (from
> .o j 3
oS ;u
S

17. / No of threads: Denotes how many threads are used to process the workload.

unsigned int

Use 1 thr Ad per CPU core
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Example templates for diverse data structures

Design Abstractions of Template Type/Domain LSM B-Tree LSH A new
variants variants variants design
. 1. | Key size: Denotes the size of keys in the workload. unsigned int auto-configured from the sample workload
Q
§ 2. | Value size: Denotes the size of values in the workload. All values are accepted as string/slice
. ) , . 1 GB auto-configured from the sample workload
g g, variable-length strings. max size set to
=N I i i
% g ~ 3 Size ratio (T): The maximum number of entries in a block (e.g. growth factor in un51gn§d integer | [2,..32] [32, 64, [1000, 1001, ...] 2
Z E Y " | LSM trees or fanout of B-trees. function (func) . 128, 256, ..] (T is large)
o | B
E o~ %0 4. |Runs per hot level (K): At what capacity hot levels are compacted. unsiened int
% g 5 Rule: should be less than size ratio. 8 [1.. 7] [T-1] 7
z| S R Id level (Z): At what ity cold level ted
el 51 8 uns per cold level (Z): At what capacity cold levels are compacted. . .
S E = [ 5 |Rule: should be less than size ratio. unsigned int 1. 1] [ 32
~
g = § 6. | Logical block size (B): Number of consecutive disk blocks. unsigned int [2048, 4096, ...]
« )
©
E o 2|7 Buffer capacity (Mp): Denotes the amount of memory allocated to in-memory 64-bit floating point | [64 MB, 128 [l MB, 2 [64 MB, 128 h/w
'z N buffer/memtables. Configurable w.r.t file size. function (func) MB, ...] MB, ...] MB, ...] dependent
21 .8 ; 3 3
S | 8. [Indexes(Mpp): Amount of memory allocated to indexes (fence pointers/hashtables). 64-bit ﬂgatmg point | memory to [ memory for | memory for h/w
hS function (func) cover L first level hash table dependent
= .
9. | Bloom filter memory (M pr): Denotes the bits/entry assigned to Bloom filters. 64-bit float | func(FPR) 10 bits/key func(FPR)
10. | Bloom filter design: Denotes the granularity of Bloom filters, e.g., one Bloom fil
i filter instance per block or per file or per run. The default is file. block | file | run file He
Z - - - : :
Ol 2| 3 Compaction/Restructuring algorithm: Full does level-to-level compaction; ctial | full | hvbrid full, ) ) )
; g N 1. partial is file-to-file; and hybrid uses both full and partial at separate levels. partial | full | hybri partial partial partial hybrid
ol |3 ) . ) )
é § % . Run.strategy. Denotes which run to be picked for compaction (only for partial/ first | last_full | fullest first, fullest, first Aullest
=l a3 hybrid compaction). - last_full
% = File picking strategy: Denotes which file to be picked for compaction (for partial/ oldest merged | dense_fp
< .§ 13. | hybrid compactior_l). For LSM-trees we set default to dense_fp as it empirically works oldest_ﬂusﬁed | dense_fp | dense_fp choose_first (hot),
@) B the best. B-trees pick the first file found to be full. LSH-table restructures at the fo | ch fi - choose_first
~ 2, sparse_fp | choose_first
S ranularity of runs. (cold)
S S || granularity
E = = | 14. [Merge threshold: If a level is more than x% full, a compaction is triggered. 64-bit floating point [0.7..1] 0.5 0.75
v =
g '% < |15 Full compaction levels: Denotes how many levels will have full compaction (only unsigned integer | [1.L] L-Y (from
&) = § for hybrid compaction). The default is set to 2. function (func) - optimal config)
o )
j E: S 116. | No. of CPUs: Number of available cores to use in a VM. unsigned int Use all available cores
¢ 17. | No of threads: Denotes how many threads are used to process the workload. unsigned int Use 1 thread per CPU core
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€@ design morphology @ per operation 1/0 cost

early-stopping

iInfrequent merging
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€@ design morphology @ per operation 1/0 cost @ total cost
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€@ design morphology @ per operation 1/0 cost @ total cost
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Amdahl’s Law (1967)

seqguential (1-f

theoretical speedup k = — ]

T-1T +fT/n 1-1(1-1/n)
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Design class

Hybrid-1

Hybrid-2 | B-tree LSH
2 r3 r4 r5
w2 w3 w4 w5

DASIab
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H/W 1: D16s v3 (16 vcpus, 64 GB RAM), 25600 IOPS, premium SSD
H/W 2: D8s v3 (8 vcpus, 32 GB RAM), 12800 IOPS, premium SSD

H/W 3: D16a v4 (16 vcpus, 64 GB RAM), 32x500 IOPS, non-premium SSD
(Base data, #reads) H/W 1 H/W 2 H/W 3

10M, 1M 0.965 0.953
100M, 10M 0.942 0.952 0.923

Design class
Ops
LSM  [Hybrid-1 |Hybrid-2 | B-tree LSH
. | 2 r3 r4 (5
WDASIab
@ Harvard SEAS




Design class

Hybrid-1 |Hybrid-2 | B-tree LSH

093 | 092 | 094 | 097

079 | 074 | 0.65 0.8

20% reads +
80% writes

th » proportion of parallelizable code = 0.2*0.91 + 0.8"0.71 = 0.75
W UHSlab
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empty range

+ insert
rmw +
| get range + non-empty
blind blind update range + get
update + + get

insert

massive number of  Wirg
RocksDB unexplored designs

FASTER ! ;/ \;

amazon
webservices™ -
| " BYle(eelid Goodle Cloud
. S different storage t
VMs of different f (SSD, HDD, EB!
capacity e ’ ’




YCSB E variant (30% blind update, 20%
non-empty range, 50% empty range)

B 6
E; 10
= 10°-
= 104
= 10
= A3
5 10
=

-

20K 60K 100K
Budget ($/month)

WDASIab
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YCSB E variant (30% blind update, 20%
non-empty range, 50% empty range)

—~ 1 07 — Existing Systems
D6
Q —
O 10 X— - RocksDB
- 105- o
E - =% - WiredTiger
— 1()4—' WiredTiger - <O- - FASTER
=h 660
= 3] -0 XX
8 10 @ s X=X XX X X X X flocﬁsﬁﬁ
e
- FASTER (no support for range queries)
R R
| | | | |
20K 60K 100K
Budget ($/month)

WDASIab
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YCSB E variant (30% blind update, 20%
non-empty range, 50% empty range)

Hybrid + GCP + 128
07 | Leveled LSM + AWS + GB mem + 4 CPU5s Existing Systems

X cold merge thresh. (Z): 9
~ tot mem (M): 128 GB

FASTER (no support for mng : @ﬁafsﬂljﬁﬁge

K KKK KKK KRR | Cloud: AWS

’\&F 1 128 GB mem + 8 CPUs
-4 6_
210
A 5 Btree + Azure + 5 ¥ S X— - RocksDB
:/ 10 — 64 GB mem + 4 CPUs \, Cosines, ~ % - WiredTiger
— 1()4 - WiredTiger < - - FASTER
g 3 Booo T b
] , _ Q ______ size ratio (T): 12
g 1 O <& sz_fzi:i:g:g X- X N ()él?g x hot merge thresh. (K): 4
—
-
—

| | | | | TN size ratio (T): 15

20K 60K 100K TSy Coldmee threh (2

tot mem (M): 64 GB

Blldg@t ($/ mOnth) #parallelism:.4
WDASIab
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YCSB E variant (30% blind update, 20%
non-empty range, 50% empty range)

— 107 —BTree LSM Existing Systems Cosine
% § Hybrid Hybrid
=3 _
E 10 LSM oo X— -RocksDB BE— AWS LSM
;5 mEEEEEE .
: 10 Cosine — - - WiredTiger ©— GCP BTree
a 104 — WiredTiger - - - FASTER —A—Azure LSH
oy -0 Hvbrid
o0 OO0 ybrl
— 103_ OO O-0-0-0- 00 XK XX X
® ¢ X=X-X=X=X-X- %= %= Rocks
=
- FASTER (no support for range queries)
KKK KKK KKK KKK
| | | | |
20K 60K 100K
Budget ($/month)
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= = RocksDB =&©=WiredTiger =¥ = FASTER <= Cosine on AWS -~ Cosine on GCP =&~ Cosine on Azure [ LSM class ] B-tree class [ LSH class [ Hybrid class
YCSB extended: mixed with range

YCSB A variant: blind-update- YCSB B variant: lookup-intensive  YCSB A+D variant: insert- YCSB extended: mixed without range (10% lookups, 25% inserts, 5% rmws,
intensive (10% lookups, 20% (70% lookups. 25% inserts. 5% intensive (70% mserts, (25% lookups. 25% inserts, 25% 30% blind updates, 10% non-empty,
rmws, 70% blind updates) blind updates) 30% blind updates) rmws. 25% blind updates) 20% empty ranges)
_ 1074 @A) | (B) 1(C) 1 (D) 1 (E)
\w - == w
2 106- | _ o ainaie ikl I _
o ,
- s\ /T | _ l' l e e v, _ ]
: 10 . - x H x,x-x-x-x-i-x-x:;-_;g);;;;;{ei .
= ' v e e HK : R gl | KR \ *- ¢ H K - -~
N , *- - . * _ _ ¥ : ,
_% . O4 ',oo-eooaﬁ-ﬁw##ggﬁo-ooo ,00900515’3'5‘50000000 L}.ooooobooooooooooo ,oooo‘pt%’&ﬁooooooo 7 /
ch 3 9 3 = X Ko D =X = XK= K H =X = K= W H =X = X- H X -X ) ¢ \ \ H A_){,O I >\<‘ ___________ x| — 0'09000006000000099
= O - ] l - & 3 = =X =X ==X =X =X = X=X K= K= K- K= K=K | ' \ - PR X XXX X X X XK X X X X x,ﬁ(-x-x-x-x-x'(-x-x-x-x-(x-x-x
o 1 \ v .\ 3 4 " y . (13.1.3), (384,24),
= | " ' A - v (r5d.12xlarge, AWS)
—~ (32,1,1), (160,10),  (1054,1053,1053), (4.3.1). (64.4). > (64.1.1). (128.8). (15,14,14), (32,2), (15,1,14), (384,24), (64.1.1). (64.4), (25.24.24).(64.32).| |(32,1,1), (128 8k F*Fk-F k¥
(E20 v3, Azure) (32,16), (E32 v3, Azure) (E8 v3,Azure)  (r5d.4xlarge, AWS) (r5d.large, AWS) (r5d.12xlarge, AWS) (r5d.2xlarge, AWS) (E64 v3, Azure) (rSd.4xlIarge, A\IVS) | | |
| T T T T l 1 T I ] | . I | I | l l I I
YCSB F variant: rmw-intensive YCSB E: range-intensive YCSB E: range-intensive
(10% lookups, 70% rmws, 20% (30% blind updates, 70% (30% blind updates, 20% non-empty Same as D with skewed Same as E with skewed
blind updates) non-empty range (R: 4096)) range, 50% empty ranges (R: 128)) distribution distribution
<7 (F) i (G) _ (H) _ (I) [?_a_afe—e—lso—e-a—e—e—-a—ﬂ ~ (J)
- 10 /
%_ 106- _ i _ v shansssadb
< 10°- - : Vs A ]
= y _ , B000006000000000 ;
; 4 _ / ! . - _ _ - _ ' — /
_§‘) 10 é,oo-ooo{a-a»#%#&gge-ooo N Mdix—x-x-x-xn”"x""x""”' e 2100000 055886 Sooo0e
S 103 e 3¢ e 3 26X 3 26 XX XX | = : 1%, 00CeeOoOooombatttr| T \ 75 TN (11,1.2), (384.24),
_?:9 N . “u $0000000800000000 (V X" )"(x 8 ; N (9.1.1). (128.8) '\ \ . (15d.12xlarge, AWS)
'\ ; S =X =X X = X X Ko X X X X X XK= XK 128.1.1), (64.4), At ol N i .
= (32,1,1), (160,10), (29,28,28), (138,24), T15 (1288), (G2.11), (384.24). (ES V3. Azure)y oo iarge, AWS) (5.4.,1), (64.4), (29,28.1), (138,24), (64,1,1), (64,4 X ¥%x
) e AN He- A e K (r5d.2xlarge, AWS)
(E20 v3, Azure) (r5d.12xlarge, AWS) (r5d.4xlarge, AWSJr5d.12xlarge, AWS) (E8 v3, Azure) (r5d.12xlarge, AWS) — £e | | 1 |
| | | | | | [ | | | | | | | | | | | T |
20K 60K 100K 20K 60K 100K 20K 60K 100K 20K 60K 100K 20K 60K 100K
Budget ($/month Budget ($/month Budget ($/month) Budget ($/month Budget ($/month)
g < B <
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