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GPU (Graphic Processor Unit) %
| Gu | _cu___

Model NVIDIA Intel Xeon
Tesla P100 E5-2699v4
Architecture Pascal Broadwell
Launch Q2-2016 Q1-2016
# of transistors 15billion 7.2billion
# of cores 3584 2z
(simple) (functional)
core clock 1.126GHz 2.20GHz
~1.303GHz ~3.60GHz
Perk FFLOPS 1.2 TFLOPS
(FP32) I AL (with AVX2)
DRAM Size 16GB (HBM2) max 1.5TB (DDR4)
Memory Band 732GB/s 76.8GB/s
Power 250W 145W
Consumption
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PG-StromiE& (2/2) — GPU/NAF) D E B & R

QUERY: SELECT cat, count(*), avg(x) FROM t@

WHERElx between y and y + 20.0 |GROUP BY cat;

#) WHEREAI TOERHE X% .
o 7 1 Just-in-time
p CUDATR IS LIER, . Compile

STATIC_FUNCTION(bool) NVIDIA.

gpupreagg qual_eval(kern_context *kcxt,

CUDA"

4 N
*
kern_data_store *kds, Run-time
size t kds_index) .
- - _ Compiler
Reference to mput data
-------------------------------------------------- (nvrtc)
\ J

N =

AU I IO IO UL N

f return EVAL((pgfn_float8ge(kcxt, KVAR_3, KVAR 4) && :

i pgfn_float8le(kcxt, KVAR 3, :

" pgfn_float8pl(kcxt, KVAR_4, KPARAM_1))));

} : SQL expression in CUDA source code Pa ra”_EI
\ s Execution
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GPUIZ & HSQLEATEZEILD—HI

PG-Strom microbenchmark with JOIN/GROUP BY

300

CPU: Xeon E5-2670v3 548,95
=250 | GPU: GTX1080
3 RAM: 384GB .
2200 — OS: CentOS 7.2 '
E DB: PostgreSQL 9.5 +
2 150 PG-Strom v1.0
& 100
-
<))
=
© 5
0
2 3 4 5 6 7 8 9
Number of joined tables
® PostgreSQL v9.5 m PG-Strom v1.0
| Test Query:

SELECT cat, count(*), avg(x)
FROM t@ NATURAL JOIN t1 [NATURAL JOIN t2 ...]

GROUP BY cat;
v" t0 contains 100M rows, t1...t8 contains 100K rows (like a start schema)
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.. Application .
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|

SQL Parser
* M MBT—oO—F
de'.‘y PG-Strom - In-database Analytics
Optimizer Extension « RBHATE . N~ T4
g Query =» by PL/CUDA + Matrix-Array
> Executor

ATPITY PR 4 I/OK#HINT7—o0—F

— + RRADOKHEOLAP
PostgreSQL

« ETL. LIR—Fa25
= by SSD-to-GPU P2P DMA
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Introduction of PL/CUDA
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EBMSES (1/3) - PILTVXLESQLTERRT S

Reference) Query for MAX-MIN method Apr-2016

L

f/ \
| WITH next_item AS (

INSERT INTO pg temp.subset table (
SELECT r.*

FROM mgn r,
(SELECT id FROM pg temp.dist_table
ORDER BY dist DESC LIMIT 1) d
WHERE r.id = d.id)

RETURNING *
) ------------------------------------------ "
SELECT r.id .LEAST(d dist, sgrt((r.cl - n.cl)"2 +
(r.c2 - n.c2)”2 +

—~
3

.C41 - n.c41)"2 +
(r.c42 - n.c42)”2)) dist
INTO pg temp dist _table new Hot point of the SQL query

FROM pg temp.dist table d,
next_item n, mgn r
WHERE r.id = d.id

\\_ %

\Orchestrating a brighter world N ‘
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KEMSESR (2/3) - HRELEDTENLT— (?)

Benchmark Results — MAX-MIN Method Apr-2016

Time to choose N-chemical structures using MAX-MIN method

g 600 |
g
3
g 500 [
2
#
Z 400
o
3
z 300
e —
p —
£ 200 p £ —
'5 |// /./
2 100 :
] -
g ./r I D
£ 0 ——v |
o
= 0 20 40 60 80 100
Mumber of chemical structures to be picked up
# by PG-5trom Wby PostgreSQlL by Local CPU
| Summary

® 10M rows, 211MB in total
® workload characteristics: W;,o < Wepy

® If no GPU support, calculation in RDBMS cannot be an option.
® PG-Strom recorded similar performance with download + R-script.

\Orchestrating a brighter world N ‘
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KBNS (3/3) - @R

| FIRED - SQLTZIIL TR LZEERT B ABATULELY,
o 71T, FPATURLDKEFFHER SELAMRELTHKIA TS,
o 1—HMNRCUDATTZIIaNX LD ZETRIRT H2HLENRGZNELTE.
ZHIZHER. SQLONRXILEEZEALT LI LOOD v E T
LTWBDERLE,

| FIREQ@ - MRE LD A)YHE AR BIZEH 1= ?

e Min-MaxiEDEEREETEIZH LT, FEMIZPG-StromDEFTIHREIX
PostgreSQLEEBMIZ EB>TWSH, £4HFH, COEDFHEZE
PostgreSQLTITo TLY\H A2 TULVELALHELD ?

® GpuProjectionMDt¥EEIX. COT7ILTYX LENEBY 3-HICHZEtShT-
CPURRD N ER 7 T Dt se Lt R E = o1, G ?

v SQLE#EICHKT HIEEMN
v PostgreSQLD1T74—<vM-H¥ET HIEhZFE M
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fRR% — PL/CUDA + Array-Matrix

PL/CU ZIA Post SQL Process
FEMTORELFR v Tables JOIN v ORDER BY
( ) v Window v GROUP BY
CREATE FUNCTION my logic(matrix, matrix) Function v etc....
RETURNS vector {E%tpybd)
AS $% . EEZREL
GPU Kernel ]

A—H¥EZHEDOCUDAO—FTOvY

s @
S CUDAI—FTOvY| §
$$ LANGUAGE ‘plcuda’;
\_
BH OIS
Array-Matrix , a=F
JENULLO2RFTHEHIZ"1T5I" L AR R |
[; i | 4FIN{T 750 .
ay - dy '
Ar‘r‘ayType /\‘yﬁ al az aN b]_ b2 bN C]_ C2 CN d]_ d2 dN
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PL/CUDABEEEZE D HI

CREATE OR REPLACE FUNCTION

knn_gpu_similarity(int, int[], int[]) CUDA code block

RETURNS float4[] aemmm=TT

-
-
———‘ I

#plcuda begin
cl int k
MatrixType *Q
MatrixType *D
MatrixType *R

argl.value;

(MatrixType *) arg2.value;
(MatrixType *) arg3.value;
(MatrixType *) results;

i
|
|
|
|
|
|
|
|
:

nloops = (ARRAY_MATRIX HEIGHT(Q) + (part_sz - k - 1)) / (part_sz - k); :
for (loop=0; loop < nloops; loop++) { :
/* 1. calculation of the similarity */ :

for (i = get_local id(); i < part_sz * part_nums; i += get local size()) { :

j =1 % part_sz; /* index within partition */ :

/* index of database matrix (D) */ !

dindex = part_nums * get global index() + (i / part_sz); I

/* index of query matrix (Q) */ :

gindex = loop * (part_sz - k) + (j - k); -
values[i] = knn_similarity compute(D, dindex, Q, gindex); :

)

|

|

|

|

|

}

#plcuda_end
$$ LANGUAGE 'plcuda’;
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EDESIGPUA—RILZEFEENT HH

BIEFvIDT=bDAJL/—FEEK

@“”C—Sc(ﬂ@ GPUBA—FIL D)

II ‘/—ZZI—P
e —
CREATE OR REPLAC-E--F-LLNCTION H HED
my_cuda func’(ﬂoat[])‘-----_ /\ GPUSATS!
RETURNS int[] ~==—=~ I,T >l 1735Y
$$ P LTy \\\\ .
#plcuda_sanity check ¢ func _sc ) N SQLT—3® GPU
#plcuda_begin = TT=---- - INAFY)
| I—YEEROD
. NI [ ISt '|"|CUDAa—FZJOv)
1—HEHEDOCUDAI—RT Oy |- 1
AHA
#plcuda_end omm == = GPU
#plcuda_working_bufsz { func_ wb i - s h—=2RJIL
| $$ LANGUAGE ‘plcuda’; =T GPUBI~ - "~o - r
/ / s|%EO0—F ~--__| PL/CUDA ]
v! \ Egﬁa)glﬁx
>
. TN | XA

INYITPHAL XHEEEDT=HDAIL/—FE%
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BEIEROGPUa—FRRAMEfEZH B0V

-

y- >

U4 \\
select{\x*y; from c_test;
N A

’/"N_—,
-
-
’/
-

Y

z
STATIC_FUNCTION(pg float4 t)
pgfn_float4mul(kern_context *kcxt, pg floatd t argl, pg float4d t arg2)

{
pg float4 t result;

result.isnull = argl.isnull | arg2.isnull;
if (!result.isnull)

{
result.value = argl.value * arg2.value;
CHECKFLOATVAL (&kcxt->e, result,
isinf(argl.value) || isinf(arg2.value),
argl.value == 0.0 || arg2.value == 0.0);
}

return result;

V RERESBTAUITNULLF v INRE
vV BR2OMAEEOEICA—/N\TO—F v I E
vV JUST I RERZEABTEUH L TEREE5Z2/40
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F— sl RITRET HIEHEE (1/2)

| 7= (Row-oriented)7—4% ] 5% = (Column-oriented) 7 —4
X SBEINGMELED O sBENBINDHZEO—FTES

X FT—AT7HERIZEHEIDOAE)SE O O(1)TT—R%LRBTES
O PostgreSQLIZE T HFREDT—21BE X T—A3EAOE#RASNLE

(NY NV NV |
GPU :
albl c| d |el f GPU
core _ b €
(NY Y YN el b e
IS albl ¢ | d|e| f g)F:S
core core b <
[NV Y GPU
GPU bl d f core b £
core a € GPU b a
GPU
GPU core b B
core alb| c d |e f

PGconf.ASIA - PL/CUDA / Fusion of HPC Grade Power with In-Database Analytics The PG-Strom Project



F—sHRISERT HEHEE (2/2)

| 55 LAERYT7 A (random memory access)
> AEVSUY O3 VEIHNIBA S ABYNRDERRITRLTEELY,
32bit x 1 = 32bit: 256bit#ED

GPU cores AEINSYHL AL M55,
.27 32bitE BN ET—4
------ (INAREFEHE: 12.5%)

32bit 32bit

32bit

> »
€ »

AEYMS YOI a g 256bit

32bit 32bit i 32bit

| a7LRA®Y T+ (coalesced memory access)
> R/IMBOAEINS Y23 T ARINADERRERKIETHIENTE S,

GPU cores 32bit x 8 = 256bit: 256bitliE®D

e AEYNSLHHLIL DB,
- ===, 256bit2THEHET—45
"""""""""""""""""""" (/AR ERAE: 100%)

32bit | 32bit | 32bit | 32bit | 32bit | 32bit | 32bit | 32bit

l <

AEYMS Y H L 3R 256bit
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ITIIRBTLELTOZRTHIS

Array-Matrix
FENULLEE RO = REFZE 173" LRGT

a; - dy
[ oo ] 45IN1T1T5I
ay dy

ArrayType header|| a; |lay | ..|lay| by | by|. |bylc & . cgldy|dy| .. |dy

ldatatype[] array_matrix(variadic datatype[])

o ANT—4EERL - RREIIELTH AT LKL
® datatypadint2, int4, int8, floatd H XU float8 DEN D,

o CHRFTEHIEINULLEZ A TLTITERSELY,

| SETOF record matrix_unnest(datatype[])
e MAnfTNDZRxEEHZE. mIlIMSEHINEDLI—F~EREET SR,

EL
o AERT—AZEMIBMNTELL,
® PostgreSQLOAZERT—2DFIFIZLY. ;K TH1IGBIZHE->TLES,

The PG-Strom Project
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PL/CUDARSE DFETA H L 451

SELECT | row_number() OVER (), e SQLIZ & B4 A1

I1cloat4 as_int4(R.key_id) key_id, | (JOIN, WindowR%k)

FROM | : matrix unnes‘_c_( __________________________________________ . 2’)0)Matr|x-l|ke Array%

(SELECTimy_plcuda_function(A.matrix, 222=== B|#I=#ED

1

1

J

/

/
II

/ 1

FROM

f | (SELECT cbind(array_matrix(id),
/,, : array_matrix(x, y, z)) matrix
v | FROM normal_table
Matrix-like ArrayZ | WHERE tag LIKE ‘%abc%’) A,
N{E]G)U:—F‘I:ﬁﬁﬁﬁ e
(SELECT matrix

FROM matrix_table) B

1

,.

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

I

I
)
1
I
I
)
)
I
I
]
1
I
I
)
1

-,

1

1

1

1

1

1

1

1

1

1

L

| B.matrix) i PL/CUDAEﬂ%lU)ﬂ?tHL

) \ s
.) AS R(key_id real, score real) Matrix-like Array D2 B
ORDER BY score DESC F-IIBEFADEOZEZO—FK

LIMIT 1000,
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Case Study
RIZEICHIT55LUEY—F
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BR - AALEMIESYORIR

B—Lwy = AIECEIZ “active” THAILESMDIEE
A—TIEDRER

BEEY B1-AIE<E

o _ active
Inactive active (EtkdHY)

N
\
\
N
N
I h .
%% $ M,
9
9

L&Y (= ERMOIESH)

= 17 &t 5
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k-NN;EIZK B EEEE MY —F (1/2)

———
- -~y

A—Fyr=AIEE - T el
Ty ST RERROEADE N
Q_lf-\‘y I"T:A.I‘f(ﬁ': I,, n Al éﬁ £ 8 > \\\
“active” TH AL A / tactive"T HAHFTREMES ™ LMETS ‘.
EEVITYT \ : ot J;

‘_———

EEEILS e S8
Y—7 :

STV EYEE T—AR— e
(Q; ~100044-F2 ) (D; ~1000 5 42 )
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k-NN;EIZK B EEUEE MY —F (2/2)

O Query compound @ Database compound
o Q o o) o)
o © q9qi? o0 ° o0 ©° o ©°
¥o L0 o o
- 0 o) 0 ‘o
o _ .
h /7 1/ HOE = EROES
1-NN 2-NN 3-NN
centroid average . ~ J
k-NN

Definition of distance on similarity search using multiple reference molecules

tEMOT—218E

ID | NAME Fingerprint (1024bit

1 CHEMBL153534  000000000001000000100000000000000100000000000001000000...
CHEMBL405398  000000000000000100100000000000000000000000000000100000...
3 CHEMBL503634  000001000000000000000000001000000100000000000000000000...

- —7
Tanimoto IndexI= & 23ELIEDEE:
Similarity(A, B) = |App N Bppl|/|App U Bppl
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DELHER

Q: VTt EYEH d(Q,d;): Q~d D EERE HEED :
(~100044-32 ) TREORZ

0(Q xXD)+0(D %X QlogQ)
(EEREETH) (V—hr+FH{E)

L3 HDF Y

- f d; €D
o] O \

T—AR—2{LEaE
(D; 1I0ME-IEE)
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PL/CUDARS#I D EL (1/3)

Step-1 ) Step-2
2TOQXDOMBH LA EHEE. FGPUa7HQIL &M LAILEMM D
BEON—T1aVIZHEl, Cho®x HUERQTEHEE,
GPUDEITA=vFTHBSMMIZEIYH T, L1 vy abREDLLTULTTIERR
AIREZL “HEFAED" [ZThZEEWH

—

) Q D similarity Q D similarit
~ 1 e — [ = -1.0 ® | ® | 0764
2l e - | = -1.0 A | ®@ | 038 top-k
2l e — | = -1.0 *x | @ | 0244
® | % o e 0.764 | K J 0.122
E = * | @ 0.244 — | = -1.0
| x m|e | 0122 — | = -1.0
2 A|[®| 0388 | — | = -1.0 o
e | = - | = -1.0 B | x| 0562 }t K D k-similarity

— = -1.0 A | x| 0341 op-
: : — | = | 10 * | * | 0214 P \ hd 0465
2 I m ® | * 0.106 ® | x 0.106 +* 0.372
e a * | x| 0214 — | = -1.0 e
* 2 H | x| 0562 — [ = 10 u :
1 A [ x| 0381 | — | = -1.0 A —
- — = -1.0 A | m | 0663
o o — | =] 10 * | m | 0314 |»top-k L 2 0.385

= [ = -1.0 ® | m| 0273
: : ® | m| 0273 | m| 0221 v 0.246
2| e * | | 0314 — | - -1.0
° | v | m | 0221 — | = -1.0
=TV A [ m| o663 | — | = -1.0
m|v
e Results from

other SMMs
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PL/CUDARS#I D EL (2/3)

Step-3

o)l“ﬁ[:ﬁb\utlhf&éo

similarit

$E{LLEE R a7 1= & B Bitonic-Sorting Z%£1T,
5 dEEMHT 5 q LEWH. |UE

-1.0

-1.0

-1.0

0.764

0.244

0.122

0.386

-1.0

-1.0

-1.0

0.106

0.214

0.562

0.341

-1.0

-1.0

-1.0

0.273

0.314

0.221

L IedC JNRRRENLAL LAl JARERERI ] 1 dl JRRRREN o)
W N[ OO @|]]]|O

0.663

> HDHS > (HDH@| > |HDHO | D HDHO| > H @ (HDHE

d(d(4|<|®(®(¢¢ ;|0 > HEENEDD 0 eee

Step-4

PGconf.ASIA - PL/CUDA / Fusi S —

Step-5
FEOUE LGk LD FYES
HHL. BFR/\vI7IZIE#,

similarit

0.764

0.386

0.244

top-k

0.122

-1.0

=1L{0)

=1L{0)

0.562

0.341

0.214

}top—k

0.106

-1.0

-1.0

-1.0

0.663

0.314

0.273

}top—k

0.221

-1.0

-1.0

EERRLIC i S NRERERL JE i 2l INRERANT b dl gl Jie]
FLOQT (PP e ee0

-1.0

7

k-similarity

0.465

0.372

0.335

0.385

D
o
*
] 0.417
A
*
v

0.246

N\

Results from
other SMMs

QILEMBHDH A ANHKEFARVKYVELEXRLZIES
Step- zuuﬁﬁw;&u
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PL/CUDARS# M EL (3/3)

( )
reall] -- ID+Similarity of DIEEY (2xN)
knn_gpu_similarity(int Kk, -- k-value

int[] Q, -- ID+Fingerprint of Q{E&M (33xM)
int[] D); -- ID+Fingerprint of DIEE¥ (33xN)

. J

CREATE OR REPLACE FUNCTION j =1 % part_sz; /* index within partition */

knn_gpu_similarity(int, -- k-value dindex = part _nums * get global index()

int[], -- ID+bitmap of Q + (i / part_sz);
int[]) -- ID+bitmap of D gindex = loop * (part_sz - k) + (j - k);

RETURNS float4[] -- result: ID+similarity if (dindex < ARRAY_MATRIX_ HEIGHT(D) &&

AS $$ gindex < ARRAY MATRIX_HEIGHT(Q)) {

#plcuda_decl values[i] = knn_similarity_ compute(D, dindex,

: Q, gindex);

#plcuda_begin }

#plcuda_kernel_blocksz ¥ }

knn_gpu_similarity_main_block_size __syncthreads();
#plcuda_num_threads ¥
knn_gpu_similarity_main_num_threads /* 2. sorting by the similarity for each partition */

#plcuda_shmem_blocksz 8192 knn_similarity_sorting(values, part_sz, part_nums);

cl int k = argl.value; __syncthreads();

MatrixType *Q = (MatrixType *) arg2.value; :

MatrixType *D = (MatrixType *) arg3.value; }

MatrixType *R = (MatrixType *) results; #plcuda_end

: #plcuda_sanity_check knn_gpu_similarity_sanity_check

for (loop=0; loop < nloops; loop++) #plcuda_working bufsz 0

{ #plcuda_results_bufsz knn_gpu_similarity results_bufsz
/* 1. calculation of the similarity */ $$ LANGUAGE 'plcuda’;

for (i = get_local_id();
i < part_sz * part_nums;
i += get_local_size()) {

PGconf.ASIA - PL/CUDA / Fusion of HPC Grade Power with In-Database Analytics The PG-Strom Project



PL/CUDABH#I DL

PREPARE knn_sim_rand_10m _gpu v2(int) -- argl:@k-value

AS
S L SQUI& Bk
SELECT | row_number() OVER (), "7« {107 —7 JLEIOINLTIEAMIDD L AMBEE R

i fp.name, i « windowBA3IZ kAL EIRSLDETHE

similarity . QfT5I/DITFIZZIMI=E S
FROM (SELECT float4_as_int4(key id) key_id, similarity PL/CUDAEEﬁ(D"?tHLo

-
-
-
-
-
-
-
.-
——————————————————————————————_ A o ——————

array:matrix(bitmap)) matrix i

PL/CUDABI DIEY B TH B {___FROM finger print_query) Q, | .
3xN®DArray-MatrixZ BRIL . E(SELECT matrix
JE%UB;I]N{TU)I/:_P\%@ i FROM finger print_10m matrix) D

1
| ——————————————————————————————————————
I S
~
~
1 ~
~
1 So
~

ORDER BY 51m11ar1ty DESC) sim, T—j}bb\bﬁﬁ:ﬁﬂjbf-l}:—FE
finger_print_16m fp Array-Matrix[ZZ #t
WHERE fp.id = sim.key id (Ff=I%. FRIZELLE)
LIMIT 1000;
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INDAF—TI R

k-NN;EIC KB FELUE MY —F SRR (k=3, D=10M)

3500
3034.94
3000
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® HW) CPU: Xeon E5-2670v3, GPU: GTX980 / GTX1080, RAM:384GB

® SW) Cent0S7, CUDA8.0, PostgreSQL v9.5 + PG-Strom v1.0
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Another Usage
In-database Tk-meansZ?S5 X 2> 4
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PL/CUDAIZ &k Bk-meansZS5 X414 DR

CREATE OR REPLACE FUNCTION
gpu_kmeans(real[], -- ID + Data Matrix

int, -- k-value (number of clusters)

int = 10, -- max number of iteration

int = 1) -- seed of initial randomness
RETURNS int[]

AS $%
#plcuda_decl

KERNEL_FUNCTION_MAXTHREADS (void)

update_centroid(MatrixType *D,
MatrixType *R,
MatrixType *C)

/* accumulate the local centroid */
for (did = get_global_id();

did < nitems;

did += get_global size())

/* pick up the target cluster */
cid = r_values[nitems + did];
atomicAdd(&1_cent[cid], 1.9);
for (index=1; index < width; index++)
atomicAdd(&1_cent[index * k_value + cid],
d_values[index * nitems + did]);
}
__syncthreads();
/* write back to the global C-matrix */
for (index = get local id();
index < width * k_value;
index += get_local size())
atomicAdd(&c_values[index], 1 _cent[index]);

#plcuda_begin

status = pgstromLaunchDynamicKerneld((void *)
setup_initial cluster,
(kern_arg_t)(D),
(kern_arg_t)(R),
(kern_arg_t)(C),
(kern_arg_t)(r_seed),
nitems, 9, 9);

if (status != cudaSuccess)

PLCUDA_RUNTIME_ERROR_RETURN(status);

for (loop=0; loop < nloops; loop++)

{

status = pgstromLaunchDynamicKernelMaxThreads3(
(void *)kmeans_update_cluster,
(kern_arg_t)(D),
(kern_arg_t)(R),
(kern_arg_t)(C),
(kern_arg_t)k_value,
nitems, 0,
sizeof(cl_int) + sizeof(cl_float));
if (status != cudaSuccess)
PLCUDA_RUNTIME_ERROR_RETURN(status);

}
#plcuda_sanity_check

#plcuda_working bufsz
#plcuda_results_bufsz
#plcuda_end

$$ LANGUAGE 'plcuda’;

gpu_kmeans_sanity check
gpu_kmeans_working_bufsz
gpu_kmeans_results_bufsz
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Collection o Ty
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mE...
collected from partners of the CityPulse EU FPT project and relevant

resources for smart city data. Visitors can use the menu on the left to

access these resources. I ‘b o 1‘: E
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General Information

This webpage offers a number of semantically annctated datasets
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GPURRk-meansBZtMREH L

SELECT report_id, k, c

FROM (SELECT; report id, k, c, i
' row _number() OVER (PARTITION BY report_id !
ORDER BY c DESC) rank .~

_______________________________________________________________

FROM (SELECT report_id, k, count(*) c
FROM matrix unnest(

) R(report_id int, k int)
GROUP BY report_id, k
) __summary_1
) __summary_2
WHERE rank =

Pick-up most frequent cluster

“jz// """"" i 1nt4 as_float4(report_id),:
S | avg_measured_time, :
Run k-means clustering logic i avg_speed, i
i vehicle_count), i
e e
5) LT
FROM tr_rawdata) Make a matrix from the raw-data
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GPURRk-meansBZtMREH L

SELECT report_id, k, c
FROM (SELECT report_id, k, c,
row_number() OVER (PARTITION BY report_id
ORDER BY c DESC) rank
FROM (SELECT report_id, k, count(*) c
FROM matrix_unnest(

(SELECT gpu_kmeans ( array_matrix(
int4_as_float4(report_id),
avg _measured _time,
avg speed,
vehicle count),

5)
FROM tr_rawdata

i WHERE extract('hour' from timestamp)
i between 7 and 17

) R(report_id int, k int) = T \

GROUP BY report_id, k R "
) __ summary_1 (X EHqEEBMLI=TET,

) __summary 2 (CNASQLOFEEE ! )
WHERE rank = 1;
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o [ = [=] = 1

EE MADIb: k=Means Clusteri: X

C | @ https //madlib.incubater apache org/docs/latest/group_gry

- STy — | CPUlz&kBk-meansD{t RHyERLLT.
E: : User Documentation for MADIib MADleH'& kemans_random() wﬁéﬁm

k—Means Clustering
Unsuperviced Leaming » Chstering

MADIib

Data Types and Transformations

Model Evaluation

Statistics

Supervised Learning Clustering refers to the problem of partitioning a set of

Time Series Analysis ohjects according to sorme pmblem—dependent SILELE

U”SUDET'-.'iSf?d Learning ressure of similsate [nthe kermesns varlart, Sven n Training Function
Association Rules POints oy, ..., r, e RE, the goal & to position & Outout Format
Clustering cartroids o, ...,cp € RY 50 that the sum of distsnces S )

between each point and its closest centroid is Cluster Assignment

Topic Modelling minimized. Each certroid represents a cluster that Examples

Utility Functions consists of all points to which this centroid is closest. MNotes

Early Stage Development ]
e - Technical Background
Deprecated Modules .. .
Training Function Literature

The k-mmeans algorithm can ke invoked in four ways, SRR EE
depending on the source of the initial set of certmids:

o Lkze the random centroid seeding method.

kmeans_randon { rel_source,
gxpr_point,
k,
fn dist,
azz_centroid,
max_num_iterations,
min_frac_reassizgned

-

Generated on Tue Sep 202016 11:27:01 for MADIB by _meYig m 18210
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SELECT report_id, k, c
FROM (SELECT report_id, k, c,

row_number() OVER (PARTITION BY report_id
ORDER BY ¢ DESC) rank RILEV S A 2MEIR

—

FROM (SELECT t.report_id, =" /!

____________________________________________________________

(madlib.closest_column(centroids,
t.attrs)).column_id as k,

count(*) c
FROM tr rawdata madlib s t,

| (SELECT centroids
FROM madlib.kmeans_random('tr_rawdata_madlib', !
‘attrs’, i

5)
1) km;
GROUP BY t.report_id, k e
) __summary 1 T iy
) __summary_2 VS RILROEH

WHERE rank =
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Performance comparison of in-database k-means clustering

1800 1668.49
. 1600
(8
@ 1400
£ B 1200
==
@ 2 1000
g5 =
)
@ % 600
rv
g 400
200 126.59
1.41 0.21 12.44 0.29 0.94
0 ]

10,000 100,000 1,000,000 13,577,132
Number of Items that were clustered based on the k-means algorithm

= MADLib = PL/CUDA

o JIFEIRIE
® HW) CPU: Xeon E5-2670v3, GPU: GTX1080, RAM: 384GB
® SW) Cent0S7, CUDA8.0, PostgreSQL v9.5 + PG-Strom v1.0, MADLib 1.9

® CPURRIE. AIFDOTYHZECEREICE D/ 1T UMRTREL THEEH
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https://qgithub.com/pg-strom/devel

| ABORS4F
http://www.slideshare.net/kaigai/pgconfasia2016-plcuda

| 2249k

® e-mail: kaigai@ak.jp.nec.com
e Tw: @kkaigai
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