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m  MatrixFactorization ( 4EM%5#% )
¢ Low-rankMatrix Factorization ({&M-4EM42f& )
¢+ SingularValue Decomposition (SVD, F{&A5 % )
= Normsand Distance functions ( ;&.4A=3E & %44 )
m  SparseVectors ( #3i%)& )
¢ DimensionalityReduction ( 44 )
®  PrincipalComponent Analysis ( PCA £ &4 547 )
®  PrincipalComponent Projection ( PCP £ m&%44%% )
® Pivot (ZMK)
® EncodingCategorical Variables ( 5% & & %4 )
e Stemming (73T 4RI )

(2) Graph (K
¢ SingleSource Shortest Path ( 3/ & 4254542 )
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e PredictionMetrics ( F§4-FM| )
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® ProbabilityFunctions ( #E% % 4% )
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m  LogisticRegression (iZ4%w=))7 )
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ARIMA ( g &@afaiish+34)

(7) UnsupervisedLearning (Jo¥iE % >))

AssociationRules ( X FRALN] )

®  AprioriAlgorithm ( Apriori F-i% )
Clustering (%)

m  k-MeansClustering ( k-Means )
TopicModelling ( EAAAEA! )

®  LatentDirichlet Allocation (LDA )

(8) Utility Functions (N F &%)

1.3.1

DeveloperDatabase Functions ( 7 & # #48 & %45 )
LinearSolvers ( £k K% 2 )

®  DenseLinear Systems ( #8% &E A 4% )

m  SparseLinear Systems (#F# &4 £ 4)
PathFunctions ( #4%:%4% )

PMMLExport (PMML % )

Sessionize (R 4L)

TextAnalysis ( LARHT)

®  TermFrequency (7847 )
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FERR DL EALES 2 S0 £t 12 R Ge 4R IR, AT Y M % B —F HAWQ. Jofth—
A, HAWQ HRITASZHZ 5. X TAE-E7E Hadoop £ERE LI “ REIE” ST S, SLhr
PATIHRAE LT AR R R 4, IR T e LA 5, AR G 10 el F P s SUI 2R 51 FLE
Yt FRIERAER AR . HAWQ {38 I BEAL 70 A1 A7 it S mE B B0 i s A Ak R v, Ak
SAEH AR, PESEBLEAAFI A T R 5 B . HAWQ (/44 HDFS & &5 4TiE 1
BT AR B AR AE Sk SR e AR, FToR A MPP B2 48 F 7 AE 653K 25 T-H0 5% (0 21
YERE, R 2CFIH HDFS [0 A7 AHEHLE] . FLASREISEThRE, e 1 RIER 5 5
Y. MER, £ HAWQ iZ1T MADIib /2 2Bl RS 2827 = HLBc & B 1% 4%

1.3.2 T #; MADIib Zi#Hl £ 45 &

N EHHE N https:/network.pivotal.io/products/pivotal-hdb. 2.1.1.0 kAR HAWQ $24it 1
V4> MADIib e 3CrF, Wil 1-6 fiw. Zeadiilil, A4 MADIib 1.10.0 kA (30 fFR]
PLIEH 23,

Releases: 2.1.1.0 v

Release Download Files / HDB 2.1.x MADIlib - Machine Learning

. MADIib 1.11 Package for HDB 2.1 (RHEL, Cent0S)
351MB 111

a MADIib 1.10 Package for HDB 2.1.x (RHEL, CentOS)
349 MB 1.10

. MADIlib 1.9.1 Package for HDB 2.1.x (RHEL, CentQS)
333ME 191

L MADIlib 1.9 Package for HDB 2.1.x (RHEL, CentOS)
25MB 19

B 1-6 T #; MADIib %235 04k

1.3.3 %% MADIib
PLR 4 75 B8 gpadmin 7. £ HAWQ [¥) Master FA1 AT .
(1) MR

tar -zxvfmadlib-ossv1.10.0 pvl1.9.7 hawg2.l-rhel5-x86 64.tar.gz
(2) %3 MADIib 9 gppkg

gppkg -imadlib-ossv1.10.0 pvl1.9.7 hawg2.l-rhel5-x86 64.gppkg
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% 1Z MADIib &4l

Zan 2 1E HAWQ I FTE 75 55 (Master fIl Segment) 1 MADIib 1% %% H s F13C
1, ?J(U\E%j\j/usr/local/hawq_2 1 1 _0/madlib. gppkg s& Greenplum [FJ{L%8 B 25N HFER,
HFAEERERTA T 55 %25 Greenplum 08 P2 0 K AR

(3) 48243 & F 3% MADIib
$SGPHOME/madlib/bin/madpack install -c /dm -s madlib -p hawg

ZAn A 1E HAWQ F dm 204 2 Fh & 57 madlib schema, -p S#f5E V6N HAWQ. 4
AT JE 7T LA 7E madlib schema A6 22 B B8 2550 % .

dm=# set search path=madlib;

SET
dm=# \dt
List of relations
Schema | Name | Type | Owner | Storage

———————— e ittt St LT L

madlib | migrationhistory | table | gpadmin | append only

(1 row)
dm=4# \ds
List of relations
Schema | Name | Type | Owner | Storage

madlib | migrationhistory id seq | sequence | gpadmin | heap

(1 row)

dm=4# select type,count (*)

dm-# from (select p.proname as name,

dm (# case when p.proisagg then 'agg'

dm (# when p.prorettype

dm (# = 'pg catalog.trigger'::pg catalog.regtype
dm (# then 'trigger'

dm (# else 'normal'

dm (# end as type

dm (# from pg catalog.pg proc p, pg catalog.pg namespace n
dm (# where n.oid = p.pronamespace and n.nspname='madlib') t

dm-# group by rollup (type):;
type | count

________ +_______
agg | 135
normal | 1324

11
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| 1459

(3 rows)
MEHLE R T LLE S, MADIib #%8 HFEF madpack 1566 HdE F X madlib, 4R

JE e AR EAR E N G, BAE R — AT, 1324 M@ RS 135 ANEE R
PR HLES 2 S A . B0k RN D AT 2 am i o A 1 2 ek 25 S R AR A T 1

(4) iR
$GPHOME /madlib/bin/madpack install-check -c /dm -s madlib -p hawg

ZAr AT 29 MR 77 DS EOIESUE A BRI RE IR R TAE. s b,
RED A R ELIEF AT, it MADIb 3. X464 BERATE KR A,
[gpadmin@hdp3 Madlib]l$ $GPHOME/madlib/bin/madpack install-check -c /dm -s
madlib -p hawqg
madpack.py : INFO : Detected HAWQ version 2.1.

TEST CASE RESULT|Module: array ops|array ops.sqgl in|PASS|Time: 1851

milliseconds

TEST CASE RESULT |Module: bayes|gaussian naive bayes.sqgl in|PASS|Time: 24222

milliseconds

TEST CASE RESULT|Module: bayes|bayes.sqgl in|PASS|Time: 70634 milliseconds

TEST CASE RESULT|Module: pcal|pca.sqgl in|PASS|Time: 523230 milliseconds
TEST CASE RESULT|Module: validation|cross validation.sqgl in|PASS|Time: 33685
milliseconds

[gpadmin@hdp3 Madlibl$

1.3.4 E1# MADIib
FEES U B NI WP S I P LB
(1) MR madlib # X
J7i5 1, fdiH] madpack #1558 B FE R A A
$GPHOME /madlib/bin/madpack uninstall -c /dm-s madlib -p hawqg
J7i2: 2, f#H SQL v 4 F TMIEsA .
drop schema madlib cascade;

(2) MR it B 4038 st %
@ s, SRR IR FE g A, A B e T e A S IR AR L (B4
FRATZ2 AR /& madlib_installcheck ) , HEEF 44T SQL #n - Mikk, lan:

12



% 1Z MADIib &4l

drop schema madlib installcheck kmeanscascade;
@ MBI o WERAAAEBE R BB, ks EmIER, 40
drop user if existsmadlib 1100_installcheck;

(3) #F% MADIib rpm &
HHEA:

gppkg -gq --all
R

[gpadmin@hdp3 Madlibl$ gppkg -gq --all

20170630:16:19:53:076493 gppkg:hdp3:gpadmin-[INFO]:-Starting gppkg with args:
=g ==@ll

madlib-ossv1.10.0 pvl.9.7 hawg2.1

%ﬂ&%rpnlfﬂz

gppkg -rmadlib-ossvl1.10.0 pvl1.9.7 hawg2.1

IhNGE

AN T HABNL R % 2] T A, MADIib 2T SQL MR E N BT B Y ) E.
HABWE AT SQL 1), Hat2ud, T LA select + function name )5 AR IXANE . X &
KE MADIb FFEAEMIEERSG A, Frd 8 s R A S 2 22 N 58 i A 75 22
B ZATH . MADIb & —/MNMa TE KM IHAT L BEEE FE R 5 BN, Ktknl 4 fe
PEAER I, BB R E RN EYE, HAlSCFF PostgreSQL. Greenplum 1 HAWQ.
MADIib ARG e 1, SR RERNE Y2 Bk Mgt 5% . MADIib 1
H AARASIE Apache #H X FFY8, LT ACA Apache B ST IH .
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R 25

< BIRRE

T LR SRR B R T DLE VR X RIS . BEXT SA R MRl S% s
mia, B, SR RO BEAL MBS . B X A — 2 %0 i X R I AR AR 1 e 1
&, WPRR R, BEEANNRZE, BEERIEE R, TR RREsgE. ERCE L,
[ri) B MR B8 W] DL FH SRR R B o R B

FHANMLES 2= 215 5 B R —F, MADIib #/ERREAN F WA MR 5. £ MADIib
G e R R PR R R I — R RS R

AREHALH MADIib H ) s FAE RIS, FR4s HH — e i B (10 R 20 R 5. P AT LA
] psql FIBHLIE BV RIS IR BMEM R EASE(E S, #lUndf madlib.array_add 5%
\df+ madlib.array add. 1XBNE TR, PGB LR E B SO AEZ S MADIib i
ATHLES 2% 2] LAtk

L=

Hogh & (vector, WRRNKKJLEAG R E ., JUTHE. KRE) £ HA KA
(magnitude) HI77[A] (direction) WI{E, W LA R RN &7 LI B. #ikriRflR
MR, LBERKERERRERNRD. B 2-1 () AHTHAME: ME o KEN 1. F
TT oy, Mgy KEN2, SxiiMias. B2-1 (b) FE2-1 (¢) HLLHERLEE
AN B ZE S5

1/ gz

(a) W& (b) WA R ZE (e) PIFEIERIAI

2-1 WA HEU R ENfS 2z



F2E8 HERD

2.1.1 MADIib F 8y @ S R1EE £

7t MADIib #1, —4E3d 5 msE B G HEFR S L. MADIib B 4is H L (array ops)
PRt T —4HH C LIRS EAE, BB I REIEN SRR . MR BHRECCRF LT
|

e SMALLINT

e INTEGER

e BIGINT

e REAL

e DOUBLE PRECISION (FLOATS)

e NUMERIC ( W4k 451h FLOATS, T HeEXAMAE)

RIS H R R R Dy Reid a2k 2-1 Fis.

% 2-1 MADIib #BizE R

TR ik

array_add() NS, BT, RS A R SR
sum() PR ERA, BRI, R SR RS
array_sub() BASE, BEFTA IR, RIS R SR
array mult() BASCTR, BEFEIE, RS R SR
array_div() BB, BEFEIE, RS R S
array_dot() BASUELE, BEFTATIE A, RS A R SR

array_contains() WA MR GOSN A WA LA AT TR E T AL
A AR R hREoeER, Bk [E| TRUE

array_max() IR EEE A B R, 2 A, 3R ]S A [ B 25 2

array max_index() | 1R [EIHCZH A B K AR A X IR T AR, 28 (E, IR [B1 28288 1% 2N [max, index],
Foum K S N KA [R

array_min() IREIHA P R/AME, 2 7EE, 3R B S F s A

array_min_index() | IR FIECEH AR B ME S X R T bR, 2B AE, IR FISEIY A44SR [min, index],
Fonm K i N KR

array_sum() IR EEH R AN, 2SR, IR [ R AH [ S 25

array_sum_big() REIBAFERI, ZEEAE, JRE FLOATS KA. %R BI/EH 2 SIC AT HE
it T TG N 5 6t array_sum()

array abs_sum() IR EHCH R AHE IR, B E, IR B S5 AR [F] B 28

array_abs() R E] G A E A R BT, REEEIES
array mean() IR EHUAIME, R

array_stddev() IREHA bR, BT E

array of float() ZREN T E MOV S EUER FLOATS $2H, #I4G1E 0.0

B
array of bigint() Z RO T RN B S EUER BIGINT 40, #I4G1E ) 0
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SQL #1885 3 B MADIib #3 AR f# 4

R E AR

array_fill()

R HCR AR e R B E N S

array_filter()

2R O P AL S TR E TR, EORE 4D AP AR, RIS
AR B8R 2R, BOABERTA 0 {6

array scalar_mult()

ZRHCK — AN NN, TR S AN SR E s AR, R [ 45 R
Ho FEPAEAET, R85 5 KRR

array scalar_add()

ZRHCK — AN NN, TR S AN SR E s EAEAR N, R[5 45 R AL
Ho FEPAEAET, R85 5 KRR

array_sqrt()

IR 0] B O R B TR B, R AR

array _pow()

Z PR B A A — 4> FLOATS v, R [B &N IeRiIsfeR (s A2 HdR
E) HBEA, TERAHEES

array square()

R A B EHTCR BT T AR, R EITA AT

normalize()

ZERETE A — AN, TR RN 1, BEORE 4R R I BTA AR

T B AR 481 i B eR R X
(1) @S BANEREA ) array 1 A array2 B 5 B R IR I -

drop table if exists array tbl;

create table array tbl

( id integer, arrayl integer[], array2 integer[] );

insert into array tbl values

(1, '{1,2,3,4,5,6,7,8,9}','{9,8,7,6,5,4,3,2,1}"' ),

( 2/ '{11110101

1121319918}'1'{010101_51411111716}’);

(2) & arrayl FIRIHRAME K TR SORME R TR, PEMEMbREE .

select id, madlib.array min(arrayl)min,

madlib.array max(arrayl) max,

madlib.array min index (arrayl) min idx,

madlib.array max index(arrayl) max idx,

madlib.array mean(arrayl) mean,

madlib.array stddev (arrayl) stddev

from array tbl;

g
id | min | max | min idx | max idx | mean | stddev
———— +o——— Fomm Fomm o o
1] 1] 9 | {1,1} [ {9,9} | 5 | 2.73861278752583
2 01 99 | {0,3} | {99,8} | 12.7777777777778 | 32.4259840936932
(2 rows)
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F2EF KFEEE
WiAA:
e MADIib #9448 TAA 1 Fr 45,
o RENHIARAc= |30 (- w2 Y, uAFHAAEFHIA.

A PASAAT N T P W I IEPRAE 25, 45 B[R FE & 32.4259840936932.

select sqrt(sum(power(a—avg_a,2))/(count(*)—l))
from (select avg(a) avg a
from (select unnest (arrayl) a from array tbl where id=2) t) tl1,

(select unnest (arrayl) a from array tbl where id=2) t2;
(3) PATEAH IR

select id, madlib.array add(arrayl,array2), madlib.array sub(arrayl,array2)

from array tbl;

g
id | array add | array sub
e o
1 {10,10,10,10,10,10,10,20,10} | {-8,-6,-4,-2,0,2,4,6,8}
21 {1,1,0,-5,5,3,4,106,14} | {1,1,0,5,-3,1,2,92,2}
(2 rows)

SHAIE—FE, R EAT R ARV . WR ws v AT w 2 3 ANAE,
A2 1) B (R INVE BAT R R R -

o B EAKM AR, WMORFARRALER: utv=v+u.

o W EBAIKMNLESAE, MG ESATTRER: utv)tw=ut(+tw).

o GEmFEFELTAAEN, HFE—/EEE (zero vector) , FitA 0, LFAT, xFFAE
EQFu, Autr0=u.

o GEMMKEALFAEMN, FTEHENOE u, HAELE—NEGE-u, FFu+(u)=0.

(4) Bl — M.

select id,
madlib.array scalar mult (arrayl,3), madlib.array scalar mult (arrayl,-3)

from array tbl;

4
id | array scalar mult | array scalar mult
e o
11 {3,6,9,12,15,18,21,24,27} | {-3,-6,-9,-12,-15,-18,-21,-24,-27}
21 {3,3,0,0,3,6,9,297,24} | {-3,-3,0,0,-3,-6,-9,-297,-24}
(2 rows)
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SQL #l g% 3 EE MADIib $Z AR &4

brEfedUE M E N RE, HirEL RN AL, SR, BiX o My
s, afl B E (B0 , MEMNEEIREEAW TR

o AFERIKNELE. MANTERGAFS Y ALER: o fu)=(a B)u.
select id,

madlib.array scalar mult (madlib.array scalar mult(arrayl,3),2),

madlib.array scalar mult (madlib.array scalar mult (arrayl,2),3)
from array tbl;

4
id | array scalar mult \ array scalar mult
e e
11| {6,12,18,24,30,36,42,48,54} | {6,12,18,24,30,36,42,48,54}
2| {6,6,0,0,6,12,18,594,48} | {6,6,0,0,6,12,18,594,48}
(2 rows)

o HEMEFMATELQERFNSERE, AMFEAIE AN EF TEMFERA
ZE XS RE EMM: (ot B)u=ou +fu.
select id,

madlib.array scalar mult (arrayl,5),

madlib.array add

(madlib.array scalar mult (arrayl,2),madlib.array scalar mult (arrayl,3))
from array tbl;

g
id | array scalar mult \ array add
____+ _____________________________ + _____________________________

11 {5/10,15,20,25,30,35,40,45} | {5,10,15,20,25,30,35,40,45}
21 {5,5,0,0,5,10,15,495,40} | {5,5,0,0,5,10,15,495,40}

(2 rows)
o FERIMGEMENSIE, ANQEAMZIENFE - NMFERARFTEI N ES
FATEARAREADI: a(u+v) =au+ av.
select id,

madlib.array scalar mult (madlib.array add(arrayl, array2),3),

madlib.array add

(madlib.array scalar mult (arrayl,3),madlib.array scalar mult (array2, 3))
from array tbl;

g

id | array_ scalar mult | array_add
—_———t—_—_—_—_—_ +-————— . ————

18



F2E8 HERD

1! {30,30,30,30,30,30,30,30,30} | {30,30,30,30,30,30,30,30,30}
21 {3,3,0,-15,15,9,12,318,42} | {3,3,0,-15,15,9,12,318,42}

(2 rows)
o BB AMGLEN., R a =1, LS TFIETEE u#H au=u.

H A =LA E S R ERES H T M2 RS . ME2E (vector space) J&[HH
WS, EFR—MERCE bR RE (s 8dE) , e LdMm, HHEREnEMbER SR
EIREEE AN HARBREMANNSE R, mESrEmARN RS2 R EER R E.
s B AW R A AT DU — H AR (basis) BRI ELZMAH S (linear
combination) Frn. HEHEAHLDL, WRu,, ..., wERE, B TAERERE v, #TE
B on MrENEA{a, ..o a1y = X8 qgug. RATFREEAKL (span) T iZFIES
[F]. &S E4E (dimension) &M RGP 75 0D m EE, @F, RADEREA B K
A AR i

FEMEIEHE 2 IEZZ M (orthogonal) o [A]HE 1F A8 A B 26 1 B 1) —4EME & 194 WS b
W, IEAT A E R AFH BN . W SRR ) R A HAESS I, R4 K ) R R [
LA A FH S PR E S R — LT 4> & (independent component) .

R, n e m A ER DEERE (B0 1 n Jod. N7 BAEHER, HE 4L
AR A, HARA SRS — ARz B R AR B R A DG . EME R A A )
FOTLLH x 7 1R y I M AL RS TR R o X e A8 43 0 = 1% R x Ay AR B

FAMEHILS v = (v, va, ..o, Vo, v)BIBRAE Yy T E. EE, viERE YN0 E,
M R FMEETH—NHE. AAERSEMEE, WERNINEEEERIFS TERE. AT
K WA T AR AN, FRAT I AT SR T B AR B, (2,3)+(4,2)=(6,5). AT IFHE
eIl E, AR TFEMAREIRUGAFEZIT, W13X(2,3)=(6,9).

(5) Fdlafelbr. M, XHLUER id=2 01T, &R EDYRR TR R

select id,
madlib.array mult (arrayl,array2), madlib.array div(arrayl,array2)
from array tbl

where 0 != all (array?);
g

id | array mult | array div
___+ ____________________________ + _____________________
11 {9,16,21,24,25,24,21,16,9} | {0,0,0,0,1,1,2,4,9}

(1 row)

Z 5t RN BAAR B, FRMREN, Ribikia B s REuICE. 5k
FAU, B el iz H L bR g M B AR
select array agg(a * b), array agg(a/b)

from (select unnest(arrayl) a, unnest (array2) b

from array tbl where id=1) t;
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SQL #l g% 3 EE MADIib $Z AR &4

g
array_agg | array_agg
___________________________ +_____________________
{9,16,21,24,25,24,21,16,9} | {0,0,0,0,1,1,2,4,9}
(1 row)

(6) THEELH S

select id, madlib.array dot (arrayl,array?2)

from array tbl;

id | array dot
e
1 | 165
2| 750

(2 rows)

PN e R v (S e v IDESCN: wev = X wwyo WERRUL, HA R 1) 5
FH 1) B B 43 B (R R R A AR T B, G T R A W 45 SR8 750,

select sum(a * b)
from (select unnest(arrayl) a, unnest(array2) b

from array tbl where id=2) t;

HT R AR E SOR U P A [ B AS . AERRG B r, R DAUE T A 3R 2 ) B ) AR
N0 HHACHENTRERR . MJUATMAE, WA FEE ST, HFHENRARY 0
HACHIX A ] AR A RIS T 90° . FRATULX AR B AN 7 &2 IEAC ) Corthogonal)

(D R,
select madlib.normalize (arrayl) from array tbl;
45

{0.0592348877759092,0.118469775551818,0.177704663327728,0.236939551103637,0.29
6174438879546,0.355409326655455,0.41464421
4431365,0.473879102207274,0.533113989983183}
{0.0100600363590491,0.0100600363590491,0,0,0.0100600363590491,0.02012007271809
82,0.0301801090771473,0.995943599545862,0.

0804802908723929}

(2 rows)

AR AT DL SRR B R i A B K E : length(u)=vVu - . 7] &K B2 X FRIEEL
(norm) , FFIEE lull o SHE—NRE o, RATTLLETHEKER o (88 GET
HE wllal) RE—ADME, B©5 o FRAMERK S, (EEEFRAMKE. XFAIER/RFZR
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F25 HREEE
ERVEAL, AL 1. RIEVEACHE S, H i &5 A s R AR TR -

select madlib.array scalar mult

(arrayl::float[],1/sqrt (madlib.array dot (arrayl, arrayl)))

from array tbl;
FFHL AT LA 1 A 2 30T 0N 1

select id,sum(a)
from(select id,power (unnest (madlib.normalize (arrayl)),2) a from array tbl)t

group by id;

B RVEA AR R T LU

uv= llull vl cos(?)
Hrr,  0RWA A EZEPEA. B0, b ek s pk:
uev=_llviicos( o) llull = v, llul

He, v= v ilcos( OFRME v 7 u 77 EKE, WK 2-2 froac. W5 u ZRAL N &,
MAZEFIE v IE uw TR B E, RO v £ u ERIEASHESY (orthogonal projection) o 24
R, R v 2R AR, A% SRR w15 v J7 R B .

Ko

K2-2 A& v R u 5 R IEBEY

— G IEA B VIR R R SR R ESZ T, (linear independent) o WIS —AN A=A HH
A MEHARRREZES DM RENLEA S, BAZESRLEMTR. W4
A R AL NI, A ENRENEMKAN (linear dependent) o FATAT BB EE &R )
BRALERG T R AR, MREFA L IESR ORSZR) HmE, e shies—4
-3 ek IVATIE ke S PR PR S Y R TR = IS -k St 2 L VAT

(8) MiEi— 9 ML R MEA I B A T R IE BN 1.3,
select madlib.array fill (madlib.array of float(9), 1.3::float);

SR

array fill

{1.3,1.3,1.3,1.3,1.3,1.3,1.3,1.3,1.3}

(1 row)
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SQL #l g% 3 EE MADIib $Z AR &4

array of float PREHE— ML E 9 NCRMEA, VILGREN 0. array fill AR ITCER
fE. array_fill &S — D SEEA TR R A T E S E A SN EIE KA .
(9 W yEFEEH TR E TR
select madlib.array filter(arrayl),
madlib.array filter (arrayl,2),

madlib.array filter(arrayl,20)

from array tbl;

4

array filter | array filter | array filter
_____________________ e
{1,2,3,4,5,6,7,8,9}y | {1,3,4,5,6,7,8,9} | {1,2,3,4,5,6,7,8,9}
{1,1,1,2,3,99,8} | {1,1,9,0,1,3,99,8} | {1,1,0,0,1,2,3,99,8}
(2 rows)

TEBAT 5 HEE A SRR EBL R, madlib.array filter B ECERA T FEREALF ) 0 0K,
WEARGH T A TER, AE A SR E A A A . W R AR B TP AR AR,
HUR o] R4

(10> H5 “LeB B IT N — 4R 5

array_unnest_2d_to_ld s& MADIib 1.11 WAHIERRE, T/ 4080 R h—4E4
Ho 1.10 RAIF LR %L, (AR PAE)EE —/> UDF SZ3i.

create or replace function madlib.array unnest 2d to ld(anyarray)
returns table(unnest row id int,unnest result anyarray) as
$func$
select dl,array agg(val)
from (select $1([dl][d2] wval,dl,d2
from generate series(array lower(S$l,1), array upper($1,1)) di,
generate series(array lower($1,2), array upper($1,2)) d2
order by dl,d2) t
group by dl
Sfunc$ language sgl immutable;
ZJa AT LA P e R T 4R -
select id, (madlib.array unnest 2d to 1ld(val)) .*
from (select 1l::int as id, array[[1.3,2.0,3.2],[10.3,20.0,32.2]]::float8[]I]
as val union all select 2, array([[pi(),pi()/2],[2*pi(),pi()],

[pi()/4,4*pi()]]::float8[]1[])t
order by 1,2;
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4
id | unnest row id | unnest result
e o
1 | 1 | {1.3,2,3.2}
1| 2 | {10.3,20,32.2}
2| 1 | {3.14159265358979,1.5707963267949}
2 | 2 | {6.28318530717959,3.14159265358979}
2 | 3 | {0.785398163397448,12.5663706143592}
(5 rows)

212 #HERE

BB LA IR RERE, — DRI B AR 0, 2R T, JEFRI
AR 1%. Lbr L, FgtE (sparsity) &—MES, B REAEZEA FELAE AL BE,
KR E REMTHEN R AAE 0. bhAh, LN ) B AOE & A BEAR 5 5

1. MADIlib B9#E i [ &

MADIib [¥) svec BEEHLSZIL T —FhFhgt [ AR, R B S KREER RN ER
BEEAE Nt 1F S T TS MR, AN SHRZHEFaAMEAME, ERFIMHE. &
Bl SUARA IS N H R R L. BANE S BE WA 5 8 1, TR EA
FAE A2 [0 A 250, 1 B BEX TR 2 M & i H SR TR .

MADIib 1.10 fxAANSZRF FLOATS Mpia &R 8. Fln, BT float8[ 14 HE A %A -

'{0, 33,...4000010..., 12, 22 }'::float8[]

XA 2 A 320KB FINAFERESE, T AR G2 0 . BIMERATRI A
null A2 0 1E N null /74%, &2 E5—A SKB (40000/8) (1) null fi7 &, A A7 &L
A E . AT HAERAT B EAERT, 40000 NEF) TR RIFARLE, N T ERIXA T
EACAE IR, svec FRAUF HATFERKE HifS (Run Length Encoding, RLE) , BJH—/MNE-{E X
B R M ) B b T ) B UK R 7 SR A7 -

'{1,1,40000,1,1}:{0,33,0,12,22}"'::madlib.svec

AV 10 1433, 40000 /> 055, RAFH 5 ANEERURN 5 AT s BER AW R B 2 A7 o
Br 7B A, XFh RLE RoRBIRE 5 Seil &8 E, FEE S HER, svec REIRAL T
i 7 17 2 5 S TR A 5 1Y) bR B

2. BB EE
R DA RAR DU ) S i v
(1) HZEEHHERE X E 1> sveco

select'{nl,n2,...,nk}:{vl,v2,...vk}'::madlib.svec;
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SQL #l g% 3 EE MADIib $Z AR &4

Hernl, n2. ... nk AFEEME vIL v2. o VR I, Bl

dm=# select'{1l,3,5}:{2,4,6}'::madlib.svec;
svec

{1,3,5}:{2,4,6}

Trow)

(2) #— float B4 AL H R svec.
select ('{vl,v2,...vk}'::float[]) ::madlib.svec;

Bl

dm=# select ('{2,4,4,4,6,6,6,60,6}'::float[]) ::madlib.svec;
svec

{1,3,5}:{2,4,6}

Trow)

(3) R A REBIE 1 svec, HUl:

dm=# select madlib.svec agg(vl) from generate series(1,10) vl;
svec_agg

{i,1,1,1,1,1,1,1,1,1}:(1,2,3,4,5,6,7,8,9,10}

row)

(4) FIH madlib.svec_cast_positions_float8arr()p& ZL B! & svec, 1U1:

dm=# select madlib.svec cast positions float8arr(arrayl[l,3,5], arrayl[2,4,6],
10, 0.0);

svec_cast positions float8arr

{1,1,1,1,1,5}:{2,0,4,0,6,0}

(1 row)

AR A RS e, B 10 MITER svee [EE, Hb 1, 3. 5 (B ERIME
& 2. 4y 6, HABGIEMMEN 0. svec BT svec cast positions float8arr pREIIEAE T M4 &
AL B B M B P B — DR ) B DhRE . T iR — M 5
dm=# select madlib.svec cast positions float8arr (
dm (# arrayl[l1l,2,7,5,87],arrayl.1,.2,.7,.5,.87]1,90,0.0);

svec_cast positions float8arr

1,1,2,1,1,1,79,1,3}3{0.1,0.2,0,0.5,0,0.7,0,0-87,0}
(1 row)
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F25 HREEE

AR AR R S AR B I B, BV RIS 1. 2. 5. 7. 87 TARXS
MEMES 58 0.1. 024 0.5, 0.7, 0.87. M EAGATFERT, (HEFNEIIF R
FBEANSERRBA R REEE. N 1 SORYEEE g 2N, SRS B K YE S 2
BAFMERK Thr. RIGMSHRREARME NRMAE EIHE.

3. Wb £ R0

(1) &%)

XTJ‘ svec %ﬂﬂumﬁﬁ<\ >, k¥R /L =, +. SUM %ﬁ{?%nﬁﬁy #Eﬁ‘ﬁﬁ@ﬂgﬁ
RIS o B, Ik (+) EEPERXT AN 1A & TP AR R R bk B 1R T 2 AT AR N
N TSR svee B E XIEHAT, 7520 madlib BRI F] search_path H1.

dm=# -- ¥ madlib BRIINEH KL

dm=# set search path="Suser",public,madlib;

SET
dm=# -- FhbgE AN
dm=# select ('{0,1,5}'::float8[]::madlib.svec
dm (# + '{4,3,2}'::float8[]::madlib.svec) ::float8[];
float8
(44N
(1 row)
WR A o AN K float8[], &5 R mife —> svee KA.
dm=# select ('{0,1,5}'::float8[]::madlib.svec
dm (# + '{4,3,2}'::float8[]::madlib.svec) ;
?column?

{2,1}:{4,7}

(1 row)
PR SR (%*%) 4552 FLOATS KR!, H1(0%4 + 1*3 + 5%2) = 13:

dm=# select '{0,1,5}'::float8[]::madlib.svec

dm—# $*% '{4,3,2}'::float8[]::madlib.svec;
?column?

13
(1 row)

LR A BREON svee 2R I, U svec count nonzero.

drop table if exists list;

create table list (a madlib.svec) ;
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SQL #l g% 3 EE MADIib $Z AR &4

insert into list values
('"{0,1,5}"'::float8[]::madlib.svec), ('{10,0,3}'::float8[]::madlib.svec),
('"{0,0,3}'"::float8[]::madlib.svec), ('{0,1,0}'::float8[]::madlib.svec) ;

svec_count_nonzero FREGE 1T svec HHE—F1HE 0 LR AIANEL, IR BITHELH) svec.

dm=# select madlib.svec count nonzero(a)::float8[] from list;

svec_count nonzero

svec FHHR M P AN 1Z M ] NULL, AN NULL <% 3%/~ N NVP (No Value Present) .

dm=# select'{1l,2,3}:{4,null,5}"'::madlib.svec;

svec

{1,2,3}:{4,NVP,5}

(1 row)
A NULL H svec #0, #5531 E/R NVP,

dm=# select '{1,2,3}:{4,null,5}'::madlib.svec
dm-# + '{2,2,2}:{8,9,10}"'::madlib.svec;

?column?

{1,2,1,2}:{12,NVP,14,15}

(1 row)
Al LUAE F svec proj)RRELTI 1] svec TCE, ZBREUNSECN— svec F1—ITE Fr.

dm=# select madlib.svec proj('{1,2,3}:{4,5,6}'::madlib.svec, 1)

dm—# + madlib.svec proj('{4,5,6}:{1,2,3}'::madlib.svec, 15);
?column?
7
(1 row)
W3t svec subvec()BRE R LA ] —A™ svec [T A&, ZREIISECA—A svec NI
1B AR,

dm=# select madlib.svec subvec('{2,4,6}:{1,3,5}"'::madlib.svec, 2, 11);

svec subvec

{1,4,5}:{1,3,5}

(1 row)
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svec E’JE%%/?WE—IU\ BT svec change() bR BT AL o l?@ﬁﬁ NS
i) svec svl, IE AR, — A n4EM) svec sv2, HHj+n-1 < m, RS sv] EI‘J svec,
@%m%wmeHWmaﬁﬁﬁo

dm=# select madlib.svec change('{1,2,3}:{4,5,6}"'
dm (# ::madlib.svec,3,"'{2}:{3}'::madlib.svec) ;
svec change

{1,1,2,2}:{4,5,3,6}

(1 row)

WA A svee IR BREL U0 svec lapply XF M R 155 HH A lapply)eRi%. X B HIFTE &
FreRi %, AT RATR BB A PR EL (svec lapply) ISEUERES (sqrt) o

dm=# select madlib.svec lapply('sqgrt',6 '{1,2,3}:{4,5,6}'::madlib.svec);
svec_ lapply

{1,2,3}:{2,2.23606797749979,2.44948974278318}

Trow)

(2) ¥ T

IR P T i g N SN G A S L R I R RS AL e Gl SO i
SCREVASR o BB — A B T AR 4 RS SCA KA

drop table if exists features;
create table features (a textl[]):;
insert into features values
('{am,before,being,bothered, corpus,document, i, in, is, me,

never,now, one,really, second, the, third, this,until}") ;
[FI A — NSRS, A ORI — A B 2 4

drop table if exists documents;
create table documents(a int,b text[]):
insert into documents values
(1, '{this,is, one,document, in, the,corpus}"'),
(2,'{i,am, the, second, document, in, the, corpus}"'),
(3, '{being, third, never, really,bothered, me,until,now}"'),
(4, '{the,document,before,me, is, the, third, document}"') ;
IR ARSI I, SCRE AT AR R, KM AR RN et
T A 7 58 OB B2 37 £ SRS o B IR B . SO R A 1) 3R 2 s B R AR SRS - 3] 2R K
(document-term matrix) o CRGZFEFERIAT, 12 MERIS . SEBMN A, AU B0 B E s
S| EE =i
BUER 1 SN SCR,  JRATEEAS SO o e ISR B B AT L N T R RIS 5, R
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RT3 FETFIRACIERT, 75 ERBNGA SR P I - b B 5. AT EEAN SCRS 61
H— N FBRFIE M & (Sparse Feature Vector, SFV) . SFV &—/> N i/ &, N &5 HLEIH
R, SFV HREAN TR A2 SO o A OB (1) T 2. svee AREERTPAT — DR ELAT DA
MBI SFV:

dm=# select madlib.svec sfv((select a from features limit 1),b)::float8[]
dm-# from documents;
svec sfv
{0,0,0,0,1,1,0,1,1,0,0,0,1,0,0,1,0,1,0}
{i,0,0,0,1,1,1,1,0,0,0,0,0,0,1,2,0,0,0})
{0,0,1,1,0,0,0,0,0,1,1,1,0,1,0,0,1,0,1}
{0,1,0,0,0,2,0,0,1,1,0,0,0,0,0,2,1,0,0}

(4 rows)

VEE, madlib.svec stv()EREL 5 H R BN SR — AW, JoRAE AR 7 M7 A E
B SR A I R, I X LU AR [ AN SRS, BE A B HAAIX —

dm=# \x

Expanded display is on.

dm=# select madlib.svec sfv((select a from features),b)::float8[], b
dm-# from documents;

=[[ RECORD 1 ]=—————ccooooormoooooooooooooooooooeo s oo oo
svec sfv | {0,0,0,0,1,1,0,1,1,0,0,0,1,0,0,1,0,1,0}

b | {this,is,one,document,in, the, corpus}

—[ RECORD 2 J===m= = e e
svec_sfv | {1,0,0,0,1,1,1,1,0,0,0,0,0,0,1,2,0,0,0}

b | {i,am,the,second,document, in, the, corpus}

= RECORD 3 | mcooommmmosoosssssoommeme s oo s s oo s oo e ==
svec sfv | {0,0,1,1,0,0,0,0,0,1,1,1,0,1,0,0,1,0,1}

b | {being,third,never,really,bothered,me,until, now}
—[ RECORD 4 J===——— e e
svec_sfv | {0,1,0,0,0,2,0,0,1,1,0,0,0,0,0,2,1,0,0}

b | {the, document,before,me, is, the, third, document}

A LLE B SCA%"i am the second document in the corpus"HJ SFV 4 {1,3*0,1,1,1,1,6%0,1,2,3%0} .
B “am” RIS A, JF BA SRR R Bk 5§ “before” WA HILE
SRS, BTUMESA 0, DAHSEHE. BR%L madlib.svec sfv()BEASKE K & SORY s AT B o Xk
[ SFV.,

IR AR R M B Is . SEPRS A AR SERR VR, TSR O
B Fel A E Y AE t/idf, X§ R ATE /& Term Frequency / InverseDocument Frequency (i
AR-THSOAAIER ) o 2R TE SO H 45 i BRI R TR A O :
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{#Times in document} * log {#Documents /#Documents the term appears in}

i, Hi “document” ECAY A HEIRLE N 1 * log (4/3), ALY D FHIALE N 2 *
log (4/3) TEREASSCRYH A0 BRI BLIR AL EE N 0, RO log(4/4) = log(1) = 0, {HILE—"
ORGP B B KRR log (CCRYEE) o TF-IDF & —Fhgiit 5k, W LA —AN AT
— AN SO AN GBI e A — AN SRS ) EE R R . ] ) B B A A SR R H I
BB ECEE N, AH R 23 BE A B AR BORE 1t IR 2 o B R B . T SRR B 2 — AR —
T ORI IR B %2, RIS E BT SCRS A R IR R BERD BRI ARERZ S

T IXER AL, ATHFE—NEAFHGER 19 MM E, JTRERN:

log (#documents/#Documents each term appearsin)

ARG F F XS B — IR . #documents JESCRYMEL, AHIFE 4, EHXNTEANFE
Hi AR FRT N — AN BE, FHAE A INZ R SO B . XA A B R AN SCRY SFV HR T
B, g5 RN tfAdf AUE .

drop table if exists corpus;
create table corpus
as (select a, madlib.svec sfv((select a from features),b) sfv

from documents) ;

drop table if exists weights;
create table weights
as (select a docnum, madlib.svec mult(sfv,logidf) tf idf
from (select madlib.svec log(madlib.svec div (
count (sfv) : :madlib.svec,
madlib.svec count nonzero(sfv))) logidf

from corpus) foo, corpus order by docnum) ;
AHIALE:

dm=# select * from weights;

docnum | tf idf

{4,1,1,1.,2,3,1,2,1,1,1,1}:{0,0.693147180559945,0.287682072451781,0,0.69314718
0559945,0,1.38629436111989,0,0.287682072451781,0,1.38629436111989,0}

2 |
{1,3,1,1,1,1,6,1,1,3}:{1.38629436111989,0,0.693147180559945,0.287682072451781,
1.38629436111989,0.693147180559945,0,1.38629436111989,0.575364144903562,0}

31 {2,2,5,1,2,1,1,2,1,1,1}:{0,1.38629436111989,0,0.693147180559945,
1.38629436111989,0,1.38629436111989,0,0.693147180559945,0,1.38629436111989}
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41 {1,1,3,1,2,2,5,1,1,2}:{0,1.38629436111989,0,0.575364144903562,0,
0.693147180559945,0,0.575364144903562,0.693147180559945, 0}

(4 rows)

RESHERBUE TP L AR EE GRD , (HRFA SR M =52 ML,
RNEBFAHNEASRAETBIE. X, MUEARKEILE o BN, FOERPA SO
ZEASA S Z AR, RS 0-0 ULES, A4 KR ZHOCR AR 2 5 HAR IH 7 3Cks AE
WAL DRI SCRY AR AL B S 7 2 0-0 UGHE, 1 HoL AR BEE —Jom&E. FHE X
MR 5ZAMAREE (cosinesimilarity) HtA2 SCRIAFME B I E 2 — . @R x ALy BP0

ﬁil%7 Ij'\”’
x-y
cos(x,y) =
1]yl
Hp, “” BORHESH, x-y=Yr 09 Ixl|lZ2RE x WEE, x| = / noxl=
VX Xo

BUAE AT DU I SOR A B AR ACOS 3RA3 — SO S LA ORI “ABEes” o Rt
SR — S SO 5 HLA ST 0 ) B

dm=# select docnum, 180. *

dm-# (acos (madlib.svec_dmin(l., madlib.svec_dot (tf idf, testdoc)
dm (# / (madlib.svec l2norm(tf idf)
dm (# * madlib.svec l2norm(testdoc))))/3.141592654) angular distance

dm-# from weights,
dm-# (select tf idf testdoc from weights where docnum = 1 limit 1) foo
dm-# order by 1;

docnum | angular distance

1

2 | 78.8235846096986
3 | 89.9999999882484
4 | 80.0232034288617

(4 rows)

FDEEISCR 1 58 CRMELE Y 0 B, SO 1 5308 3 MR8 90 ., BIAEL]
B AT A AT AR 7] ) B3]

*BpE

FEFE AT DL DR E R Hn g, iR Mg EAR e, & MADIb A AR, EH
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] AR R A . MADIib P ) B — 4RO, WA AR AR B — A R 2
MADIib fFEFEIZERIL (matrix_ops) SEIL SQL HHHH A . ASTHR A AR MR O ME 2,
YL MADIib FEFFE HAHSC R AL, I 25 H — LE ] 5 ) pR K s 1

221 FEHEEX

FERE (matrix) ZIEHESTCRBAT I —MERE IR RE “mxn FFE” @5 KU
BIFERE R m ATH n 8. FNIHFTREIFERE 4 2 2 x 3 JEFE. WR m=n, WA TFRIZHERE N T
[ (square matrix) o EFFE A FIFEEICE AT GRS H 4 AT MAER]D

2 7
: 5]
1 2

FRER) TR A TR NS FREOR . X THRBE A4, a R § 1758 j UK. 17H
F TS, FIALENAHwS, TN 1 HE. B, a ZHE A4 B 2 1758 1 ST,
LR IMER 7.

R R —ATE E L — s, X THME A, 2 i MTE (row vector) A LLHa;,
®on, A E (column vector) Hla,;3s. (EFHRTHIKIGIT, ay = [7 5 2], MMas =
[12]T. R, fTrEAF AR, LAUNLLX 4y, BIJCE AN BOH R FF HAE AR F 47
Iri) £ A 31 ] B A QR AN [R] R

2.2.2 MADIib P RIsEFERT
MADIib 3¢ H- 8% RIF B P bR R, BT 5 EE S R UM — R R R T 1.

AT =

a=2 ¢

7 5 2

row id | row vec

_______ e
1 | {9,6,5,8,5,6,6,3,10,8}
2 | {8,2,2,6,6,10,2,1,9,9}
3 | 13,9,9,9,8,6,3,9,5,6}

row_id SIFRREEATHATS, RN 1 B N BAERENESERFH, N R RTE
row_vec FIX N O FERRAT 10— 4ER 4L, BT R

2. R
AT A S AR R R R R I,

row id | col id | value
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1
2
3
3
4

6
1
1
2
7

6
8
3
9
0

WA AFR U 2T RImEIER . BT H A 6 /78RR A 4 X7 3R
Med AR e R . FERERIAT AR N0 Y row_id AT col_id W RAETE € . VERRE 1T,
I value v 0 thEAEIAT, B TR, i HIR RS 4 1755 7 5117C
FAHARE 0.

X REFAEFER, row_id A1 col_id FIARISANT ¢ R B AR & o, R AR HoME

o value F1 N 1% b & ] LAY

| {9,0,0,0,6,6,0}
| 18,0,0,0,0,0,0%
| {3,9,0,0,0,0,0}
| 10,0,0,0,0,0,0%

TR X S R B R R A T

2.2.3 MADIib P BY4EFIZE F

S8 EME, EEEERBCCRR TR EPE R A SMALLINT. INTEGER.
BIGINT. FLOATS fil NUMERIC (N##i#54t A FLOATS, RIREERIEE) .

1. SERERER RS %
MADIib (5 5 1E B SO 40 2R TS, HRIR. A2, BIEE. AN, TS

f—RPITE SRR S H
(1) A&

-— O GUERE
matrix sparsify( matrix in, in args, matrix out, out args)
—— FERARERE

matrix densify( matrix in, in args, matrix out, out args)

-— IRBUEFEIYEE

matrix ndims( matrix in, in args )

(2) HH &K

-— FEFRRE
matrix trans( matrix in, in args, matrix out, out args)
—— FEFEATIN

matrix add( matrix a, a args, matrix b, b args, matrix out, out args)

32



F25 HREEE

-~ FEFEAH K

matrix sub( matrix a, a args, matrix b, b args, matrix out, out args)

-- JFEFEAER

matrix mult( matrix a, a args, matrix b, b _args, matrix out, out args)

-— B uR MR

matrix elem mult( matrix a, a args, matrix b, b _args, matrix out, out args)
-— bR

matrix scalar mult( matrix in, in_args, scalar, matrix out, out args)

-— RN

matrix vec mult( matrix in, in args, vector)

(3) RIHH

-- MAT AR EUAT

matrix extract row( matrix in, in args, index)
-- MFI T FrfeBsl

matrix extract col( matrix in, in args, index)
-— REEXNALITOR

matrix extract diag( matrix in, in_args)
(4) )22y dE (38R LEEATESE)

-- FREREYEEM R AME. W fetch index = True, IREXFFM TR
matrix max( matrix in, in args, dim, matrix out, fetch index)
-- FREUREYEEMR/AME. W fetch index = True, IREXFRM TR

matrix min( matrix in, in args, dim, matrix out, fetch index)

-— IREEE 4R

matrix sum( matrix in, in_args, dim)
- SREURE 4 IE

matrix mean( matrix in, in args, dim)
-— IRBUGER %

matrix norm( matrix in, in args, norm_ type)
(5) )55
-— Bl MNMEET G EFERE, H 1 VIR TR E

matrix ones( row dim, col dim, matrix out, out args)
-- QU MEETSIGEZ IR, o itaH IR

matrix zeros( row dim, col dim, matrix out, out args)

-~ BRI ERE
matrix identity( dim, matrix out, out args)
—— R E X e R AT AR

matrix diag( diag elements, matrix out, out args)

33



SQL #l g% 3 EE MADIib $Z AR &4

(6) 45384

-— FEFERIY

matrix inverse( matrix in, in args, matrix out, out args)
—= JTOE R

matrix pinv( matrix in, in args, matrix out, out args)

-— JEFERHIE SR

matrix eigen( matrix in, in args, matrix out, out args)
-- Cholesky 4fi#

matrix cholesky( matrix in, in_args, matrix out prefix, out_ args)

-- ORI

matrix gr( matrix in, in args, matrix out prefix, out args)
-- LU 5@

matrix lu( matrix in, in args, matrix out prefix, out args)
—— SRR AT

matrix nuclear norm( matrix in, in_args)

—— RIEFERRE

matrix rank( matrix in, in_args)

R A R B U T A RSB B0 U M B B ) T 0 B IR AR R
EENFERE, BUATHREAR D A0 B 245 mATi

2. FEREIRIER SR

PAT T T AR BAAS 1 2 A 2 3R s R R B R TR TR N mat_a 2EFE 4 47 4 41,
mat b #5[%F 5 47 4 51,

drop table if exists mat a;
create table mat a (row id integer, row vec integer(]);
insert into mat a (row id, row vec) values

(1, "{9,6,5,8}"), (2, "{8,2,2,6}"), (3, '"{3,9,9,9}"), (4, '{6,4,2,2}");

drop table if exists mat b;

create table mat b (row id integer, vector integer(]);

insert into mat b (row_id, vector) values

(1, '{9,10,2,4}y"), (2, '{5,3,5,2}"), (3, '{0,1,2,3}"), (4, '{2,9,0,4}"), (5,
'{3,8,7,7}");

(1) OAFIESERE RFRE TR

drop table if exists mat a sparse;
select madlib.matrix sparsify('mat a', 'row=row id, val=row vec',

'mat a sparse', 'col=col id, val=val');
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drop table if exists mat b sparse;
select madlib.matrix sparsify('mat b', 'row=row id, val=vector',

'mat b sparse', 'col=col id, val=val');

madlib.matrix_sparsify B 8CR B 5 RoR HEFER POV AR IAERER, IS 800 il 46
EMARYG . MAERSH (REAT ID W4 AR TRERSIZSE) W&
HERSH (FREF)ID 54 FAEERE TR ER S 45 .

E RGBS AR H VRS, P R AR . PR PSR 7))
BRIV, WHREE =5, 17 ID 514 5UEMIE, 5 1D SIAES M SHdEE. o
T mat a REFEFFH AL 0 HITR, EMRIIMHTRENERILAE 16 2103, 1 mat b FH P
01, PUtMERRF HA 18 Kid=k.

dm=# select * from mat a sparse order by row id, col id;

row id | col id | wval

________ R
1 1 | 9
1 | 2 6
4 | 3 2
4 | 4 2
(16 rows)

dm=# select * from mat b sparse;

row id | col id | wval

________ R
1 | 1| 9
1 | 2 | 10
4 | 2 | 9
4 | 4 | 4
(18 rows)

(2) 4B154: 8
matrix_trans PBREISE —NSERIER A, £ oANASHEReIT. YIBENFERA, B=A
SHONEH RS

- R
drop table if exists mat a r;
select madlib.matrix trans('mat a', 'row=row id, val=row vec',6K 'mat a r');

select * from mat a r order by row id;
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G50

row _id | row vec
________ e

| {9,8,3,6}

| {6,2,9,4}

I {5,2,9,2}
4 1 {8,6,9,2}

(4 rows)

-— Wb

drop table if exists mat b sparse r;

select madlib.matrix trans('mat b sparse', 'row=row id, col=col id,
val=val', 'mat b sparse r');

select * from mat b sparse r order by row id, col id;
g

col_id | row_id | val

________ +________+_____
| 1| 9
2 | 1| 5
4 | 4 | 4
5 | 4 | 7

(18 rows)
VEFERE 54T 4 51, BRI 417 5 %1,
(3) RISEME ) 4T &

select madlib.matrix extract diag('mat b', 'row=row id, val=vector'),
madlib.matrix extract diag

('mat b sparse r', 'row=row id, col=col id, val=val');
g5

matrix extract diag | matrix extract diag
_____________________ - . ————
{9,3,2,4} I {9,3,2,4}

(1 row)

matrix_extract_diag BRETIR [BIE A2 20 R AL B A . WTLUE B, HE BRI
B R MFER FER AL HgRul, MR E PR R inE EX AL o m I
#AE.
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(4) Rzt f4E 1%

drop table if exists mat r;
select madlib.matrix diag(array(9,6,3,10],

'mat r', 'row=row id, col=col id, wval=val');
select * from mat r order by row_id;

+
4h

row _id | col id | val

________ o
1 11 9
2 | 2 6
3 3 3
4 | 4 | 10
(4 rows)

madlib.matrix_diag BRI & — MR RSB MRRER, WRATEE “col=col _id” ,
iyt 3R R AR B 15144 R col.

(5) Rl fArsEME

drop table if exists mat r;
select madlib.matrix identity (4, 'mat r');

select * from mat r;

P

w PN D

(4 rows)

matrix_identity BREUEIE — DB R R RAFERER . X AL ERTRAY 1. HARTT
RAN 0 195 FERR O AR o

(6) RIRFEZ T AR094T R

select madlib.matrix extract row('mat a', 'row=row id, val=row vec', 2) as row,
madlib.matrix extract col

('mat b sparse', 'row=row id, col=col id, val=val', 3) as col;

gEGLR AN &, BI mat a 955 2 7. mat_b_sparse %5 3 1:
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{8,2,2,6} | {2,5,2,0,7}

(1 row)
(7) FRIXAR 4 209 5K KR AIMBE AL 3T L 69 T A7

drop table if exists mat max r, mat min r;

select madlib.matrix max

('mat_a', 'row=row id, val=row vec', 2, 'mat max r', true),
madlib.matrix min

('mat b sparse', 'row=row_id, col=col id', 1, 'mat min r', true);

select * from mat max r, mat min r;

P

index | max | index | min
——————————— B i e
{1,1,2,1}y 1 {9,8,9,6} | {3,3,4,2} | {0,1,0,2}
(1 row)

matrix_max A1 matrix_min 58 &7 53R (] 5E 4= K OB e/ IMEL, e 4EREZ 2K
ERRER 1 82, DHUREATAS]. R EMENEARAE, MREE—DMSHON ‘tue’ , For
SRS B R R/ MELXT REF R AR E A A1

(8) BIEEAE AL 0 94EMHE

drop table if exists mat r0l, mat r02;
select madlib.matrix zeros(3, 2, 'mat r0l', 'row=row id, col=col id,
val=entry'),
madlib.matrix zeros (3, 2, 'mat r02', 'fmt=dense');
select * from mat r01;

select * from mat r02;
G R

row _id | col id | entry

N w o
—~
o
~
o
—

| {0,0}

(3 rows)

R, JTREEN0, MRS PEERAA 117,
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(9) RIEAE AL | 694E1%E

drop table if exists mat rll, mat rl2;
select madlib.matrix ones(3, 2, 'mat rll', 'row=row id, col=col id,
val=entry'),
madlib.matrix ones (3, 2, 'mat rl2', 'fmt=dense');
select * from mat rll order by row id;

select * from mat rl2 order by row;

LRGN

31 {1,1}

(3 rows)
BOATCRE AN 1, TR KRR A 6 17
(10) FRERATZ 4 2 3%

select madlib.matrix ndims('mat a', 'row=row id, val=row vec'),

madlib.matrix ndims ('mat a sparse', 'row=row id, col=col id');
R

matrix ndims | matrix ndims

(11) 4EMA840
L E—F, MR OB Nt R (G ED AINSRSR A, MADIib #5BEAH I e
BOESR AN A M R AT RO 5 8. SEARH, e A4 A B #B2 m x n FEERE, 4 F1
B (A2 mx n 5EFE C, Houg i FRITE:
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Cij = aij + b,_]
drop table if exists mat r;
select madlib.matrix add('mat b', 'row=row id, val=vector',
'mat b sparse', 'row=row_id, col=col id',
'mat r', 'val=vector, fmt=dense');

select * from mat r order by row_ id;

+
4h

11 {18,20,4,8}
2 | {10,6,10,4}
31 {0,2,4,6}
4 1 {4,18,0,8}

| {6,16,14,14}

(5 rows)

madlib.matrix_add BRECH =HSH, AR P ARINAFERE RS RE MR . AP
MERERABAMFAKR RSB, bR B S, —MEREEE R, — MRS
Mg, BN ERE L IURA M F AT ZIEG S0 2R iR

Matrix error: The dimensions of the two matrices don't match

R I B AT n R

o JEMEAuEt) RIRAE, IR RF AW htER: A+B=B+A.

o JEMAikeGEoE, AT IEESE R AL R (A+B)+C=A+(B+C0).

o JEMInik R AiU G AN, BE—AKIEME (zero matrix) , LT EIHH 0 FRHEH 0,
RENGET, A TFEZIEEA, HA+0=A.

o JEMAmikiE UGN, S THEMNERE A, AEE-NIEE-A, EIFA+(-A)=0. -AH)
LFE A —ay;.

(12) AFE54EEARR

Hig—#, WU HrERUERE. g o R 4 KRRENEE B =ad4, HT#HR

H 4

bij = aaij
Biltn, "N matrix_scalar_mult bR EPAT S5 2 th ERERE I REAS TR LL 3 R BRI R

drop table if exists mat r;
select madlib.matrix scalar mult('mat a', 'row=row id, val=row vec',6 3,
'mat r');

select * from mat r order by row id;

gt
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row id | row vec
________ S
1 | {27,18,15,24}
2 | {24,6,6,18}
3 | {9,27,27,27}
4 | {18,12,6,6}
(4 rows)

R AR B3Rk BAT 5 [ (b B SR A LU A P i

o MERKNLESE, WAMFERGAF I ALER: a(fA)=(a f)A.
o WFEMEAMNITFELSEER LG SEE, AMMFEMINERA—NEEE THENMFE R
ZIEMEZ )G 04 RIEMEAR . (a+ B)A=aAd+ BA.
o AFEREATIEM LS EE, ANMEEEMRZENAE — MrERARF THENERS
AT AR ARSI a(Ad+B)=aAd+ aB.
o BRI AMGAEN, WwE a=1, NtFEEZLEEA, A ad=A.
BATOT LA FE R 147 ) B8 ) S 2E s, DT R BB R o 8 FH s 1 3 AR B 5 1% R AT
) B4 [ A B bR T BT
(13) 4Bk
FATAT LA SRR RIS S . de i RS e AR, HRES S E IS mXn
FERE A el n x1 IBVAERE u FIRUE m x1 FIFIAERE v = Au, HooRi 4%
Vi=a,u

s, AT A WEMTAES o WEBER AR, ER, £ FNERIe7H, o T
WIRE A BIFIEH% .
3 1115 17
[1 2 [2] = [9]

el FATHT LOE SUEFEGAT R AR FEFESATIERIRE: | xm KTHE o IR
Phim x n FEFE A BB 1 n BATHERE v = ud, Houm i TG -
vi=u- (@)’
WL, BATHGZAT RS A BRI A B F R E R OB g H— AT

vl 4

MADIib ] matrix_vec_mult BEH T1HE—A> m x n JEFEFRLL—A Ixn BIHRE (A& ,

GERE—AN U xm IR, WIRTHR 5 X 4 FAEFE mat b Febl—A 1x4 MM, 255214
1 x5 [5ERE

=[9 22]

dm=# select * from mat b;
row _id | vector

________ e —
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1 | {9,10,2,4}

2 | {5,3,5,2}

3 | {0,1,2,3}

4 | {2,9,0,4}

5 | {3,8,7,7}
(5 rows)

dm=# select madlib.matrix vec mult('mat b', 'row=row_ id, val=vector',
dm (# arrayl[1,2,3,4]1);
matrix vec mult

{51,34,20,36,68}

(1 row)
AT DA I TH] P 2 1) S0 R R IR LA T R 25 SR

dm=# select array agg(madlib.array dot (vector,array[l,2,3,4])) from mat b;

array agg

{51,34,20,36,68}

(1 row)

A1 SURAERERTRFY, 15N LRMES I mxn 56 A 5 nxp HE B HF2
m X p ¥l C (C=AB) , HouEh P4

cij = ag (b)”
s, CHEG MILERAMSE i MIrES B 1 j AP R R E 1SR,
matrix_mult BREH TR, WATATR, F—HSEh RSN Z 558 A3
AR AT BOR A, 5 ) 2R -

dm=# select * from mat a;

row_id | row_vec
________ e
1 | {9,6,5,8}
2 | 18,2,2,6}
3 0 3,9,9,95
4 | {6,4,2,2}
(4 rows)

dm=# select * from mat b;
row id | vector
________ +____________

1 | {9,10,2,4}
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2 | {5,3,5,2}
3 | {0,1,2,3}
4 | {2,9,0,4}
5 | {3,8,7,7}

(5 rows)

dm=# drop table if exists mat r;
NOTICE: table "mat r" does not exist, skipping
DROP TABLE
dm=# select madlib.matrix mult('mat a', 'row=row_ id, val=row vec',
dm (# 'mat b', 'row=row id, val=vector',
dm (# 'mat r');
ERROR: plpy.Error: Matrix error: Dimension mismatch for matrix
multiplication. (plpython.c:4663)
DETAIL: Left matrix, col dimension = 4, Right matrix, row dimension = 5
CONTEXT: Traceback (most recent call last):

PL/Python function "matrix mult", line 26, in <module>

matrix out, out args)

PL/Python function "matrix mult", line 1633, in matrix mult

PL/Python function "matrix mult", line 49, in assert
PL/Python function "matrix mult"

dm=+#

AFLAXS mat b EiEATHE, 55 mat a AHIE. matrix_mult BRECFE 1) trans=true %L
FRSEN mat_b RATHN G E HRATH RN . IR AERE IRV T R R E AT .

drop table if exists mat r;

select madlib.matrix mult('mat a', 'row=row id, val=row vec',
'mat b', 'row=row id, val=vector, trans=true’,
'mat r');

select * from mat r order by row id;

SR 4AxS5 JE

row id | row vec
_________ o
1 | {183,104,40,104,166}
2 | {120,68,24,58,96}
3 | {171,105,54,123,207}
4 | {106,56,14,56,78}
(4 rows)

PATEE RS T iR & AR
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drop table if exists mat r;

select madlib.matrix mult('mat a', 'row=row id, val=row vec',
'mat b sparse r', 'row=row id, col=col id, val=val',
'mat r');

select * from mat r order by row id;

FERESRE A U R -

o JEMRIKMNLELIE, FEERGAF IH it LR (AB)C=A(BC).

o JEMEFIKMHBLE, FEMERIEITIEE AL T 4B : AB+ C)=AB+ AC FE(B + )4
=BA+ CA.

o MEMREELANGEN, FLR pxp EEGEIEE, WTEE mxn 5£H A,
Al=A 5+ BI,,4=A.

—fleHh, FEREIRIEREA T LK, Bl AB+£BA.

WRBENA A nx 1 FIAIE u, FRATROTLIE m x n 558 A iz R 4L TREE u B m
HeHim e v =Au B0 RO, WERBATH - 4T W& w=uy, ..., u, )28 4, FATAT
LR EETE u B n AT R v = ud 178, X0, BATTUIE—AMER m x n 560 A HIE—
AN A ) B WA 3 5 — ) A R A R A

(14) MIEMETEAR
5k XA, MADIb FIFAERE CE AT E XN C=4AB, A. B. C 58 mXxn
FERE, CRynEM RS H:

Cij = ai]- X bl]
MADIib ] matrix_elem_mult & EHATHHFE TR AHTE, FF50H 25 R AR

drop table if exists mat r;

select madlib.matrix elem mult('mat b', 'row=row id, val=vector',
'mat b sparse', 'row=row_id, col=col id, val=val',
'mat r', 'fmt=dense');

select * from mat r order by row_ id;

+
4

1 | {81,100,4,16}
2 | {25,9,25,4}
3 | {0,1,4,9}
4 | {4,81,0,16}
[ {9,64,49,49}
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(15) RIEM 94
select madlib.matrix rank('mat a', 'row=row id, val=row vec');
SR

matrix rank

(1 row)
HE, SRR LR, FEHAERKTATHET, matrix_rank BRECHRES .

dm=# select madlib.matrix rank('mat b sparse r', 'row=row id, col=col id,
val=val');
ERROR: plpy.SPIError: Function
"madlib. matrix compose sparse transition (double
precision[],integer,integer, integer,integer,double precision)": Invalid col
id. (UDF_impl.hpp:210) (seg20 hdp4:40000 pid=123035) (plpython.c:4663)
CONTEXT: Traceback (most recent call last):

PL/Python function "matrix rank", line 23, in <module>

return matrix ops.matrix rank(schema madlib, matrix in, in args)

PL/Python function "matrix rank", line 2702, in matrix rank

PL/Python function "matrix rank", line 2672, in matrix eval helper
PL/Python function "matrix rank"

dm=+#

FFER R (rank of a matrix) &5 HIRZIEAERE . WHFE A=(a;)mxn> 1E A THER KAT k
FIAE XA TR AL FAIRAL B &k A T80, 8 A B— kv 7. mxn HilfE 4 ILFH
ek kT B AR r M TFRAR 0, AR r+1 T30 CWERAELERE) 228 0, TFR »
FFERE A IR, 184E R(A).

R AR B DL BEACE I

o 04EM694%H 0.

o ERA=r, MAFTEVH—ANArNFTAD, #0, iR rt1MFXAH0, BEZHTXEA
0, r & AFIHEEFTRZHME.

o JEMEE, HAZ,

® 0<R(A)<min(m,n).

o FARnxnFME, FHIA#0, N R(A)=n; KZ, & R(A)=n, N|A4]|#0.

FEFERIRL (rank of a matrix) AT 25 (B RIS 25 (6] (0 die /N2, (P4 158 v ) e B 4 R 2 1
Ko g, 84 1 xn FATFERS] m K, 7E—A mxn FFERE, WERATRG
N1 RS
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(16) KiFIEM4F

drop table if exists mat r;
select madlib.matrix inverse('mat a', 'row=row_id, val=row vec', 'mat r');

select row vec from mat r order by row id;

SR

{-1.2,0.900000000000001,0.333333333333334,0.600000000000001}
{3.20000000000001,-2.4,-1,-1.1}
{-5.00000000000001,3.50000000000001,1.66666666666667,2}
{2.2,-1.4,-0.666666666666668,-1.1}

(4 rows)

WA BZWNERE, & AB=BA=E, WFX B /& A WWAERE, 10 A WBEFR AT HRE .
H E R NE — AR 61
create table tl (a int, b int([]);
insert into tl values

(1,'{1,2,3}"),(2,'{2,4,6}"),(3,"{3,6,9}");

select madlib.matrix rank('tl', 'row=a, val=b');
select madlib.matrix inverse('tl', 'row=a, val=b', 't2');

select * from t2 order by a;

3B AERE t1 FOFR N 1, A matrix_inverse 3R t1 FUISRERE, 25 5A0F:

1 | {NaN,NaN, NaN}

2 | {-Infinity,Infinity,NaN}
3 | {Infinity,-Infinity,NaN}
3

rows)

USSR IS REAN S 7B, A matrix_inverse BREUE R A0 T4 1%

Matrix error: Inverse operation is only defined for square matrices
(17) K Lig s

R BT D5 B Ry e ) BRI R RE b, X TR L RERE . )
SCBFERE BA TR B 5T, JF HAETTRE RS, el SR — 8.

drop table if exists mat r;
select madlib.matrix pinv('mat a', 'row=row id, val=row vec', 'mat r');

select row vec from mat r order by row id;
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{-1.20000000000001,0.900000000000004,0.333333333333335,0.600000000000003}
{3.20000000000002,-2.40000000000001,-1,-1.10000000000001}
{-5.00000000000003,3.50000000000002,1.66666666666667,2.00000000000001}
{2.20000000000001,-1.40000000000001,-0.66666666666667,-1.1}

(4 rows)

matrix_pinv BRI T SREERER) SO RE . 38 DL ETTAN T8 7 BN, SRE ) ¥
ELIC

drop table if exists tl,t2;

create table tl (a int, b int([]);

insert into tl values
(1,'{1,2,3}"),(2,'{2,4,6}"),(3,"'{3,6,9}");

select madlib.matrix pinv('tl', 'row=a, val=b', 't2');

select * from t2 order by a;

gt

___+ _____________________________________________________________
1 | {0.00510204081632653,0.0102040816326531,0.0153061224489796}
2 ] {0.0102040816326531,0.0204081632653061,0.0306122448979592}

3 | {0.0153061224489796,0.0306122448979592,0.0459183673469388}
3

Yows)

(
AR AR RS T

drop table if exists mat r;
select madlib.matrix ndims('mat b', 'row=row id, val=vector'),
madlib.matrix pinv('mat b', 'row=row id, val=vector', 'mat r');

select * from mat r order by row id;
mat_b /&> 5 x4 fifE, BRI SOE R

row id | vector
________ o
1 | {0.169405974490348,-0.000368687326811998,0.153584606426279,
-0.123375654346853,-0.0920196750284563}
2 | {-0.0977762692158761,0.0690615737096675,
-0.292887943436732,0.173906300749372,0.0622886509652684}
3 | {-0.145985550968097,0.18130052991488,
-0.238906461684316,0.0186947883412873,0.123325910818632}
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4 | {0.167425011631207,-0.222818819439771,0.534239640910248,
-0.134386530622994,-0.0413193154120082}

(4 rows)
(18) RIRJEME 4y 4F4E/E

drop table if exists mat r;
select madlib.matrix eigen('mat a', 'row=row id, val=row vec', 'mat r');

select * from mat r order by row_ id;

4

row_id | eigen_ values
________ e

1 | (22.2561699851212,0)

2 | (-0.325748023524478,0)

3 | (2.91179834025418,0)

4 | (-2.8422203018509,0)
(4 rows)

(19) RAEMETH
matrix_norm BREH TR FEIEE, ZHRAIRAESH ‘fro’ ‘one’  ‘inf’  ‘max’
‘spec” , AMRFE frobenius JEEL. 1 YEEL. infinity JE%L. max JEEUFN spectral Y54, ERIA
Al frobenius JEHL.

select madlib.matrix norm('mat b sparse', 'row=row id, col=col id, val=val');
ZiR:

matrix norm

23.4520787991

(1 row)

P8 A RN Al = (0 Xy lagl?)e o Bk 48 28 5077 0 F 0 7 30 00 45 R 15
matrix_norm BR & 1R [E AHEE .

select sqgrt(sum(power (val,2))) from mat b sparse;
(20) RAEMALTEH

select madlib.matrix nuclear norm('mat a', 'row=row id, val=row vec');
g

matrix_nuclear_norm

34.322635238

(1 row)
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F2F HEEE

FERE A B R R T A AT, SR THERERT M8, fE3HE MADIib (HERE 7 fif o £
I FEREAT VEAH ] o

I

AEFENH T MADIb FJEAREIREA, mESHME. /£ MADIb H, WA FE 550 A
B 2 o ) — e R R — e B BRI A% . MADIib SR 7 32 5 i 1) B AN R A ok K,
XX R A T U . XS EURAR TR, (H2AEN MADIib (SRR R
B G AT GOE i GO R EGERE, VR 2 LA S 2] B R AR B AR X )
B R T U5
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