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» Locality in distributed storage systems

node failure

g ——

node repair

Locality [Gopalan et al. 12]
The number of nodes
accessed to repair

one node failure
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» Generalized Definition of locality

f-locality (r,) [Rawat et al. 14]
locality for £ symbols repair (single value of #)

Symbol set
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» Generalized Definition of locality

Joint locality (1,7, ...) [Kim et al. 15]
a set of localities for £ symbols repair (multiple values of #)

Symbol sets
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» Generalized Definition of locality

Joint locality (14, 7,,...) [Kim et al. 15]
a set of localities for £ symbols repair (multiple values of ¢)

Which one is better? C;? or C,?
(10000111101 10000111010
01000111011 01000110011

Gi=]100100110111 Go=100100100111

00010101111 00010001111

\0 0001011111/ \00001011110/
T1:2 < 7‘1=3
7"2=5 > 7"2=4
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» Construction of BLRCs with good joint locality
s Graph-based construction [Kim et al. 15]

Ex)

Q000 —IN\/|—

Q o 1000][111000°
um} o= 9100 ooz

S o 0001 (001011

Joint locality : (r,15,13) = (2,3,4)

Any bounds ?



e Outline

» Alphabet-dependent bounds




.: Alphabet-dependent Bounds

Theorem 1 [Proposed]

Let C be an (n, k,d), code with joint locality {ny|1 <[ <d — 1}.
Then C satisfies

(q)
k < rﬂ;n [J + kope(n— 1, d)],

where
* zis a positive integer such that ¥.i_; ;. <k,

* Iy ={l1<;<d-1,1<i<2z),
¢ J, = Lzzlrli'
o I, =2i=1(y + 1)
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.: Alphabet-dependent Bounds

Theorem 1 [Proposed] 7 Cadambe et. al's bound

Let C be an (n, k,d), code with joint locality {ny|1 <[ <d — 1}.
Then C satisfies

k < min |3, + kS (n = 1,,d)|
[Z]

where

* zis a positive integer such that ¥.i_; ;. <k,
s lgy={il<s;=sd-11<i<z}

* J, = LZ=1 T,

o I, =2i=1(y + 1)
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.: Alphabet-dependent Bounds

Theorem 1 [Proposed]

Let C be an (n, k,d), code with joint locality {ny|1 <[ <d — 1}.
Then C satisfies

(q)
ke < pin 1, + kD —1,,d)],

where
 z s a positive integer such that Y.7_; . <k,

* ly={;I1<;<d-1,1<i<2z,
¢ J, = Lzzlrli'
o I, =2i=1(y + 1)
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.: Alphabet-dependent Bounds

Theorem 1 [Proposed]

Let C be an (n, k,d), code with joint locality {ny|1 <[ <d — 1}.
Then C satisfies

(q)
k <min{J,+ k . d)
liz) { opt (7 ]

where
* zis a positive integer such that ¥.i_; ;. <k,

* ly={l1<;<d-1,1<i<2z,
¢ J, = Lzzlrli'
o 1, =210y + 1)
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.: Alphabet-dependent Bounds

Remark 1 [Cadambe et al. 13]

Let C be an (n, k, d), code with locality . Then C satisfies

- (q)
k < min [zr + Kot

(n—z(r +1),d)|,

where
- zis a positive integer such that z < [¥| — 1 (& zr < k).

Joint locality = locality

Theorem 1 ‘ Remark 1
(proposed) (Cadambe et al.)
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.: Alphabet-dependent Bounds

Theorem 1 [Proposed] - example
Consider a [63, 6,32], simplex code with joint locality

{rr=2,rn,=3,..}

k < min |3, + kS (n = 1,,d)|
[Z]

15



o ;. Alphabet-dependent Bounds

Theorem 1 [Proposed] - example
Consider a [63, 6,32], simplex code with joint locality
{T‘l — 2, T'z — 3, }

k < min 0, + kD —1,,d)],
[Z]

opt

16
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.: Alphabet-dependent Bounds

Theorem 1 [Proposed] - example

Consider a [63, 6,32], simplex code with joint locality
{T‘l — 2, T'z — 3, }

k <min|J, + ki (n—1,,d)
[Z]

Z 1 1 2 2

Lz 1} 2y 1,1} {12}
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.: Alphabet-dependent Bounds

Theorem 1 [Proposed] - example

Consider a [63, 6,32], simplex code with joint locality
{rr=2,rn,=3,..}

k < min |3, + kS (n = 1,,d)|
[Z]

Possible values (X;_;r, < k = 6)

z 1 1 2 2
Lz {1} 2y  {1,1} {1,2}
J, 2 3 4 5

B 3 5 6 8 '8



.: Alphabet-dependent Bounds

Theorem 1 [Proposed] - example
Consider a [63, 6,32], simplex code with joint locality

{rr=2,rn,=3,..}

k < min |3, + kS (n = 1,,d)|
[Z]

° VA -
Possible values (3.7_, n, < k =6) Using Plotkin bound

Z 1 1 2 2 for kg?t(-), we have
1, 2 3 4 5 k<6

B 3 5 6 8 9



.: Alphabet-dependent Bounds

Theorem 2 [Proposed]

Let C be an (n, k,d), code with joint locality {n|1 <1 <d — 1}
Then C satisfies

(@)
d < nll[;n [dogt(n — 1,k — JZ)],

where
* zis a positive integer such that ¥.i_; ;. <k,

* Iy ={l1<;<d-1,1<i<2z),
° ‘JZ: lZ=1rli’
° Iz — ngl(rli + ll)
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= Singleton-like bounds
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- Singleton-like Bounds
Y

Corollary 1 [Proposed]

Let C be an (n, k,d), code with joint locality {n|1 <1 <d — 1}
Then C satisfies

to the field size

VA
dSn—k+1—malei, No limit
'a =

where
* zis a positive integer such that }.7_; , <k,
¢ l[Z] ={ll|1SllSd—1,1SlSZ}
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o, Singleton-like Bounds

00
Corollary 1 [Proposed]
d<n—k+1-— maxz L
lality s
[Rawat et al. 14] [Gopalan et al. 14] [Singleton bound]
dSn—k+1—l(H—1> dSn—k—H+2 d<n-—-k+1
4] r
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» Graph-based BLRCs
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(2,3)

(1, 72)an
(1, 72)info = (2,3)

Complete graph
code

[Kim et al. 15]
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(ri, 72)an = (2,3)
(rl:rz)info =(2,3)

Tiara code

[3k — 3,k,3],
[Proposed]

(ri,72)an = (2,4)
(rl:rz)info = (2,3)

[3k — 5,k,3],
Crown code
[Kim et al. 15]
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&Q:J Graph-based BLRCs

Some optimal and almost optimal codes

[10, 4, 4],

CG code v
CE\?I(;-L ,csc’)]éle v v v
Ti[:;:’csc))]dze v a0 a0
C[rcl)f/)v: ,c3o]ée v v v
R[i?\’g&csc))]c?e v v v
[2F —1,k,2%71], J J J

Simplex code
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Conclusions
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= Two alphabet-dependent bounds for LRCs with joint
locality are proposed

» New graph-based BLRCs (Tiara codes) with good
joint locality and high rate are proposed

= Some optimal and almost optimal codes with certain
choice of parameters are found

= QOptimal code construction with general parameters
IS open
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