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LR, SVM, Deep Learning, Other ML Algorithms

Octopus-R
(1R T&FF’\?E‘E%EBE} MERIRED)
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Marlin MR- Flink- MPI- R-
Matrix Matrix Matrix Matrix
Single

uce R

Matrix Data Storage and Index Representation

! - Developed at :
; Pasalab !

Tachyon

HDFS
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Methods:
initialization();

//3z85M (local HDFS, Tachyon) x4, —#
BUERVIARM ; STHFRSSAEREYA (zeros, ones)

matrixOperations();

/IS EMIENEREL , DR, E. KI0F

matrixOperator();

/ISR BRI | ANSFSRANRIIN.

. R bR

apply();
saveToTachyon();
toArray ();
sample();
delete();

Methods:

enableNativeTachyon();

getSubMatrix();
getRow();
getElement();

implement.

-

-
P
—
-
-
-
-
-

JHYSCIIZR

Spark_MatRef

MR_MatRef

MPI_MatRef

R_MatRef

NativeTachyon
_Ref

Support_
NativeTachyon

Mat_Type

Storage_
Location

1

OctMatrix

NJU-PASA Lab
1A yetem & Ap

Paralel Algorith, System & Application for Big Data

Exposed Methods:
initialization();
//3245M (local, HDFS, Tachyon)
X, REEFF. REEVIANK ; 55
YIRREIEAIIA1Y. (zeros, ones)
matrixOperations();
[/ ZFFETEMEREL , DR, ¥
B, KilFE ;
matrixOperator();

[ /ISR ERVRIERT | WN&Fh
FEBIRTIN. R 3R, BR
apply();
toLocalRMatrix();
sample();

dim();

getRow();
getElement();
getSubMatrix();
delete();
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LR, SVM, Deep Learning, Other ML Algorithms
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Marlin: EFSparkiIE3aI 41T R E

Pasalab / marlin @ Unwatch ~ 13 + Unstar 3 Y Fork 12

NJU-PASA Lab

Paralle Algorithm, System & Application for Big Data

A Distributed Matnx Operations Library Built on Top of Spark — Edit

(0 80 commits I 4 branches % 0 releases f'?; 4 contributors

(NB| Branch: master~ marlin / +

modify gitignore
3 Myasuka authored on 11 Apr latest commit 782182d349 E&
B data modify examples and data files 9 months ago

B project add project directory 7 months ago

s add log info in Multiply 4 months ago



Marlinl XS ZEFIE
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| Native Library
| { BLAS, Lapack,
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» Local Matrix: /NIEREIE B R FEEE] L,

» Broadcast Matrix: /NEFEFFBEZ M =
T EBERIFE.

« Distributed Matrix : XiliE5EE , EEY DD

WEHES AL,
— Row Matrix: &7 ; ! ; B~ <Row index, Row Vector>

— Block Matrix:#Ztht]] ; I f

V.
Row Matrix
Mn— —— . -
I J———--*:I:blo cklD(i,]), subMatrix=>
| | Block Block
| I row-index column-index
.
Block Matrix

Figure 1: Distributed Matrix Representation
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Local Mat Local Mat

Local Matrix Distributed Matrix
Computation Computation

Local_Mat @

(a) LocalMarrix * LocalMatrix (b) RowMartrix * BroadcastMarrix

GroupBykey GroupBykey
Broadcast

Broadcast

Distributed Matrix

Computation Distributed Matrix
Computation
Intermediate
Result ntermediate
Result

ReduceByKey

Blk_Mat

(¢) BlockMatrix # BroadcastMatrix id) DistMarrix * DistMatrix

ReduceBykey

NJU-PASA Lab
1A yetem & Ap

Parael Algorith, System & Application for

Big Data
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®* B =2C
s
Caz
Casl
Cae
— ——
CARMA splitting method m -
] Au
flatMap =3
H broadeast
join
—
map | Aas | 2
~ahuttie e [ | x B < ] [ < )
compute
reduceByKey
Figure 3. The workflow of block-splitting approach matrix multiplication Figure 4. The workflow of CARMA approach matrix multiplication on Figure 5. The workflow of broadcast approach matrix multiplication on
on Spark programming model Spark programming mode, here r = 1,s = 2.t =2 Sperk progmmming moc!

HAMA Blocking CARMA Blocking Broadcasting
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Small Scale Data
Methods Compt. Character (Time Cost Unit: sec)
# GF # Df L HIL- Al-# o iy [
BC Shuffle 2k*2k*2k 4k*4k*4k ok *6k*6k
Local_-Mat * Local_Mat 0 0 3 16 53
Row_Mat * BC_Mat 1 0 5 12 16
Blk_Mat * BC_Mat 1 1 5 14 17
Row_Mat * Row_Mat 0 4 10 14 19
Blk_Mat * Row_Mat 0 4 12 16 21
Blk_Mat * Blk_Mat 0 4 12 17 23
Medium Scale Data Large Scale Data
Methods (Time Cost Umt: sec) (Time Cost Unit: sec)
S00k*1k*1k | S00k*5k*1k | S0k*1k*50k | 20k*20k*20k| 30k*30k*30k| 40k*40k*40k
Local-Mat * Local_Mat 136 NA NA NA NA NA
Row_Mat * BC_Mat 0 30 40 205 NA NA
Blk_Mat * BC_Mat 27 37 195 NA NA
Row_Mat * Row_Mat 36 80 156 108 710 2569
Blk_Mat * Row_Mat 39 48 120 156 486 1620
Blk_Mat * Blk_Mat 40 46 120 162 522 1440
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Small Scale Data
Methods Compt. Character (Time Cost Unit: sec)
# Gf # Df L HIL- Al-# o iy [
BC Shuffle 2k*2k*2k 4k*4k*4k ok *6k*6k
Local_-Mat * Local_Mat 0 0 3 16 53
Row_Mat * BC_Mat 1 0 5 12 16
Blk_Mat * BC_Mat 1 1 5 14 17
Row_Mat * Row_Mat 0 4 o =+ 19
Blk_Mat * Row_Mat 0 4 12 16 21
Blk_Mat * Blk_Mat 0 4 12 17 23
Medium Scale Data Large Scale Data
Methods (Time Cost Umt: sec) (Time Cost Unit: sec)
S00k*1k*1k | S00k*5k*1k | S0k*1k*50k | 20k*20k*20k| 30k*30k*30k| 40k*40k*40k
Local-Mat * Local_Mat 136 NA NA NA NA NA
Row_Mat * BC_Mat 0 30 40 205 NA NA
Blk_Mat * BC_Mat 27 37 195 NA NA
Row_Mat * Row_Mat 36 80 156 108 710 2569
Blk_Mat * Row_Mat 39 48 120 156 486 1620
Blk_Mat * Blk_Mat 40 46 120 162 522 1440
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Compt. Character ._':711111]1 Scale Dutu
Methods ] (Time Cost Umt: sec)
# Gf # Df L HIL- Al-# o iy [
BC Shuffle 2k*2k*2k 4k*4k*4k ok *6k*6k
Local_-Mat * Local_Mat 0 0 3 16 53
Row_Mat * BC_Mat 1 0 5 12 16
Blk_Mat * BC_Mat 1 1 5 14 17
Row_Mat * Row_Mat 0 4 o =+ 19
Blk_Mat * Row_Mat 0 4 12 16 21
Blk_Mat * Blk_Mat 0 4 12 17 23
Medium Scale Data Large Scale Data
Methods (Time Cost Umt: sec) (Time Cost Unit: sec)
S00k*1k*1k | S00k*5k*1k | S0k*1k*50k | 20k*20k*20k| 30k*30k*30k| 40k*40k*40k
Local-Mat * Local_Mat 136 NA NA NA NA NA
Row_Mat * BC_Mat 0 30 40 205 NA NA
Blk_Mat * BC_Mat 8 27 37 195 NA NA
Row_Mat * Row_Mat 36 80 156 108 710 2569
Blk_Mat * Row_Mat 39 48 129 156 486 1620
Blk_Mat * Blk_Mat 40 46 120 162 522 1440
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(d) DistMatrix * DistMatrix
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Join
Distributed Matrix
Computation

.

" Intermediate .
~_ Result 7

lF{educeByKey
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(d) DistMatrix * DistMatrix
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:; Dis_ Mat /. /_ DIS Mat )
leupByKey GroupByKey
(B Blk_Mat ) ( BkMat )
-— _H. - -____f;F_ e
- Join
Distributed Matrix
Computation

v

" Intermediate .
~_ Result 7

lF{educeByKey

L/ Blk_Mat /

(d) DistMatrix * DistMatrix

EBELIL2 : Join operation without
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MEREMTIX,2 : Join operation without disk- ﬁ
shuffling

MatrixA_RDD MatrixB_RDD

A 00 || A of B oo || B o1

A0 || A 11 B 10 || B 11

-_x ) B LY B
flatMapped_Matrixa_RDD y "12LMP flatMapped_Matrix_RDD y [2LT3P
ao00 || ao0r || Aaoco]|] Aot | Boo||Bo01||BoOO0]|]|B 01
ALTO | [ ATh || Aat0 | AT | L7 |[ B0 || B 11 "B_10 | ["B_11
\ - - ]

= "'.'.5- - .,_‘“- ....--.__ Jﬂfﬁ" - r s 0 \

BlockMajrixC__ RDD- -~ stﬁafﬂe QPEFETDWWM__E dependem;y} ’

1
_..flr__I._l lr__l_l {_h_l l[__'ﬁ.._l {_LL_I |[ tt_lﬁ{_t_r{tt_la
| A_oo l | A_o0 l | Ao l | A_01 l | A_10 l | A0 l | AT l | A1 l
| | | | | | | || | | | | | | I
N Y T R [ N S (R T P [ Y
Ie_u{:HEm IIE_H}HEH | Ie_nﬂlla_m Hemlle_ﬂl
=1 E=—=1 Eb=—=1 E=—=1 E=——0 == E=——1 E=—=1~



shuffling

| B_11 )

Matrixa_RDD MatrixB_RDD
A0D || A_DY B_oo || B_OY
A10 || A1 B_10 || B_11
. ) . _;'.
flatMapped_MatrixA RDD y /12LMaPp
' ' Store Each BlockMatrix
A_00 A_01 A_0D A_D1 to its local BlockManager
and register to
BlockManagerhMastar
Ado || a1 ||At0]|] A
e e B,
map : Block Management System in Spark
{Each element get the required |
blockmatrix of Matrix_B the from | BlockManager 1 BlockManager n
BlockManagment System of Spark | . (8o e
accerding to the Index. | |l B0 B_10
This is a narrow dependency) :
BlockMatrixC_ RDD L
ey I (e I P I — R P—— I — p— R f—
A 00 : I A 00 : I A 01 : I A 01 : I A 10 : I A 10 : I A 11 : I A 11
|| || || || || || ||
B 00 : I B 01 : I B 10 : I B 11 : I B 00 : I B 01 : I B 10 : I B 11
1 be——i E—1 Et=———=1 lIL———1 Lt—=——1 LEt=——=—1 Lt=———

L=
",

MEBE(L{K2 : Join operation without disk;a

NJU-PASA Lab

Paralel Algorith, System & Aplication for Big Data
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shuffling

I'I-'Ial.rixP-_F!DE}
| A_DD A
A 10 || A 11
flatMapped_MatrixA_RDD ‘l" ﬂarmap.
| A0 || A0t || A0 || A0
A0 A 11 A10 A 11

MatrixB_RDD
B_oo || B_OY
B_10 || B_11

Store Each BlockMatrix
to its local BlockManager
and register to
BlockManagerhMastar

Block Management System in Spark

|
map |
{Each element get the required |
blockmatrix of Matrix_B the from | BlockManager 1 BlockManager n
BlockManagment System of Spark [ — B0 ) — (811
accerding to the Index. | |l B0 B_10
This is a narrow dependency) :
BlockMatrixC_ RDD L
lf----l lf----l lf----l lf----l lf----l IT----I lf----l lf----l
i| A_oo0 : | A_oo : | A0t : i| A0t : i| A_10 : i| A_10 : | A1 : | A1 :
| | | I . I | || |
I B 00 : I B 01 : I B_10 : I B 11 : I B 00 : I B 01 : I B_10 : I B 11 :
1 =1 b=—1 L=e——=1 I t—e———7=1 b=——1 lt=——=1 Itb=———1

MEBE(L{K2 : Join operation without disk;a

NJU-PASA Lab
Paralel Algorith, System & Aplication for

Big Data

.« NI ERNS RO
— WEEILUEhEL R
- /SRR R
DI | FAR
Sl

- UL

— BEA— B IR
BlockManagerEm ; B
— N RIEGERIIR AT E
O IR,

- RRAKMEAEKE , [
Ao 7 BT A2 RY
shuffle



R

— -
P - I ~
(_ Dis_Mat /) (

IGrﬂupEyKey

et
o
o
o

EREMTIC2

lAip

S HIA

-

Dis_Mat )

—

_—

GroupByKey

( BIk_Mat) \: Blk_Mat >

~——
~

IS

NJU PASA Lab

e N S ae e
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Distributed Matrix
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Distributed Matrix
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NJU-PASA Lab

Paralel Algorith, System & Aplication for Big Data

F:/Vabby - Rstudio E=m=E =
file Edit Code View Plots Session Build Debug Tools Help
LRI = & Vabby +

(] LR_gradientdescent R » (7] Environment History =0
=) [JSourceonSave = @ /- [“#Run | | [ #Source ~| <% [ [ #ImportDataset- | & Clear | (& List~

2 # st-mﬁ’lzféﬁﬁ’]ulmiﬂc@'ﬂgiv e 7T 218 4 = i §E 0 B -

3 # {8 % Bhrep://openclassroom. stanford. edu/mainFolder /bocumentpage. php?course=machir RBTcibalientionnent

i [= values

5 HEEEHGEREE . © opar List of 1

H ig”}f’;ﬁg‘yg’m“m“kwp 2 x num [1:50] 1.21 0.472 -0.531 -1.889 1.322 ...

8 #xEBHIER. JZ@?SZ?\B’]zE”‘HKﬁ[E:H*NE"]fC'J\ : s B EENTRIE

9 x - loadvatrixFile( ex4x.reg.dat.mat’

10 #yRlabel@m E. ANT> BITAER0- 1> %ﬁ—\ﬁ¢

11 y = loadvectorFile( exdy.dat.mat’)

12

13

14 #EEENLEE . BT FZM.

15 #EEHBENMKHTHETREREE. ARUFFELEXN, TEREAEMPIXN

16 AR5 TE A 1A Fles | Plots | Packoges | Hemp | Viewer — D

17 e - meant) T e 1 ot G z

[l i
a

1

41 (Top Level) +
Console F:/Yabby/ =>
> Tines(x, col =

"greend”, Tty - "dotted™)

v

points(x. bg = "limegreen”, pch = 21)

> title(main = "Simple Use of Color In a Plot”,

+ x1al ust a whisper of a Label”,

+ col.main = "blue”, col.lab = gray(.8),

+ cex.main = 1.2, cex.lab = 1.0, font.main = 4, font.

> ## A little color wheel. This code just plots equally spaced™m#€s in
> ## a pie chart. If you have a cheap svea monitor (like me) you will

> ## probably find that numerically equispaced does not mean visually
> ## equispaced. On my display at home, these colors tend to cluster at
> ## the RGB primaries. on the other hand on the SGI Indy at work the
> ## effect is near perfect.

>

> par(bg = "gray™)

> pie(rep(1,24), col = rainbow(24), radius = 0.9}

Hit <Return> to see next plot:

Simple Use of Colorin a Plot
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The End & Thank youl!
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CmA . http://pasa-bigdata.nju.edu.cn/octopus/
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