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mysql > CALL syso6nmilc ofrRPAUSN.(c e n sty sor e v a ida
NULL@model ) ;

Query OK, O rows affected (2 min 31.3

mysql > CALL sysonmilLc ofrRPAUSN.(c e n sty sor e v a id,a
JSON_OBDELDK 6cl assi ficdpti @model ) ;
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9EIFI YRBEINBaAAAZY
mysqgql > GAIsL ML_TRAI N(' mlcorpus. boston_
JSON_OBJECT('"task', '"regression'), @b

R¥3&p zylLlyp#3

R¥3Ep zylLlyp#+zy! DANDS ZFABEdE Bz Ny nj L+
t2g 1#3&p zyLyp#z 5dz y Ll ZPLEJIZOR2 Mg B
ORPS5TWoNRI 5i 2z LjDDZ Il LI Ljd2E DA v | g5 B Z4DEAE
YpDZ Yy3hj2ENI&BIEp zyLlYyp+3z di*+DZdz ypp
VB Syz2 | $35p Z&z#l Edz y D&#ENI 51 LRE
zyLlYp$3z | ysed:z RpydHZS 2pdIsATDAAI+ g L2 ¢
L Z& ZyzbsE3 L' 0 DEAILMDE3I0 &Il zDnj! LI
| D# L3z +pdz L2y L) DZ 3 Ljp2yeDs zNALYLPYEZp &iRdg+D
d22y D51z #g | $3&pdz ZELINEEHN | Ljplis! pg
DA 32LJdz L3 LI2E5D: LIy Zp g dz

b+y3 VI3 S51lj+s8 |1 £3&p

p*y3 yI3 Lilp*y3 | #3¢&p

f25 | aHEIWDE3 51 LIRE | #35p zyLlyp#z |
LR gy IE AjdE 3.

f2F RpPS5ReNnp5pet N DELLSIE pry3dz y |
| +3&p zylLlWp+z. t+ | +3Ep DEIYS51dz pty3
RP5ReNnp5Tepet N D#LLISIE #Dz Ljl LI5p LI
5dz 51! # DA I LI LI Ljl p #1\EZ 3IEB3 dprdz DAy LLI:
SccEzlBligpn LM¥ gDEE Lj! LIRE I &1 +Dnj.

9ELFYLX SY [2F R Y2RSt
mysqgql > CALL sys. ML_MODEL_LOAD( @model ,
Query OK, O rows affected (1.12 sec)

9EFYLX SY !'yi2I R Y2RSt
mysql > GAISL ML_MODEL_UNLOAD( @model ) ;

Query OK, O rows affected (1.12 sec)

SDZ 35z L5 %1 *1 y D#NJ

Tdzgdy I | D@gELjekIHF | &§ gDz y d2l gz5g5z D&
Rp5Zt nNQWf 5t ew gLl zLId+Il. ©%FDzZ gNjyl ! p
YVael LI NBpp NYdLE AFsg 22 ey ISgy!lyl p5zyLJ
DZs¢&gzLE3.

f2& dinjdz RP5Z{nNQUWES5tew 5d7 yip BUEDDS ¢
+1 Yy d5IlzpE D#ENI $#g 3yLY Ljdslz y ! DE
LI2ZN ! LjLJ DENJ #¢ 3y LY 51 2232 3 Tle@E 35D
| EDE +#D4 £3 LjdsBslIlz LRE LDY¥S51E3 | #385p #
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RPSZt nNQWa 5u832& | #3&p I10LjdZW3Z TR+ YFY I
D& 505013 z+plLjl Idz | Ljd2ld | yLlz2 LRE RPS

9EF YLINBRAOG NR§
mysql > @AIL ML_MODEL_LOAD( @model , NULL
Query OK, O rows affected (1.12 sec)

mysql > SELECT sys.ML_PREDICT_ROW( " {

38, "workclass": "Private","fnlwgt":
"Hrad", "eduaoatm"on 9, " matiat ails " : " Ma
civwspouse","ooadpatiFart ming
fishing","relationship": "Husband",
"Mal e", "cagaitm"l: 0, "claps s 'al 0, “phectur ¢
week": 50, "oatntvrey " : “"Ynated" } ', @m
I

Fe m e e e e e e e e e e e e e e e e e e e e e e e a e e e e m e a
________________________ e,
| {"age": 38, "sex": " Mal e" , "race"
"fnlwgt": 89814, " edwcratdi"on":wo'rkkX |
"Private", "Prediction": "<=50K", -
fismg", "capgatal : 0, " aopsist"al O,
"relationship": "Husbanmddm" "e@ducaho
pesweek": 50, "-mamatvual: " Mairwsipedse"
"nati-o@euntry": “"Snated" } |

de o e e e e e e e e e e e e e e e ee e e e e a e e e e e a = e -
________________________ Fe = - - e e - e e - -

SDZE352zLI5%1 #1 y LYZpE

Tdzg8DY | zDEYLIMEHDE Y3z I8 £I5DF LIy Zp & Ljd
RP5Zt nNQWE 5ttt Apn. t2¢& djdz Rp53t nNgd
I ENJ LWZpE NBLER g&yLLDEd: yI3 ! DE3S5zL
SDE352zLI5% 1 d7 yzD#dxdz DRNIERYPADPSZEE ENSI
zYpp&3 Z&Eg*DZ RPSZtnNQWESEtApno yI 3
I LjdzLd | yLlz2 LIE Rp5 = xNOUWREDE ALERSY 531 !
Ly ZpE d2#Ljp3 z#ILy51 LR2E diyl & z#pljl
L2 | #35p0 ENzg&! L) NBLR#LL LRE LYDBE

9EI YLINBRAOGAZ2Y 2y | (lo6ftS
mysqlCALEys. ML_MODEL _L OANDYL@mMo;del ,

QuergK,0 rowaf f ect(eld 1s2ec)
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my s qlCALL
sys. ML_PREDICT_TABLE(' ml corems @meds lUs
"ml corpus.census_predictions');

Querg@gK,0rowaf f ect(edd 5s4e c)

mysqISELECTndex'e,ducatnwmASeducation, | e
"houmpe+swee kAShour s_per _Rweedki,ctH ROM
census_predictions;

Fo - - e — — - - - - - o - e m — m —mh i i i - - - - = - —+- -
| indelxeducation_|llroeds_per | Weeldi ct|i on
Fo - - e — — - - - - - o - e m — m —mh i i i - - - - = - —+- -
| 0 | 7 40| <=50K |
[ 1| 9 | 50| <=50K |
| 2 | 12] 40| <=50K |
| 3 10| 40| >50K |
[ 4 | 10] 30| <=50K |
| 5 | 6 | 30| <=50K |
| 6 | 9 | 40| <=50K |
I 7 15] 32| >50K |
| 8 | 10| 40| <=50K |
I 9 | 4 | 10| <=50K |
Fo - e e A — - o - - oo oo e m m m mh h ot i — — - - = - —+- -

10r owsnset( 0. 0s0ec)

NN pyS5ll ! DE35zLI5%0dz +1 y Dz NJ
TdzgDy | S Nj! py dllidy # MEEY3 5d2/LB=S5 ¢ Reb 5 DEOND pLij o]
cLil zLI5%1 . ©%Dz ENjyl ! pE0 51 y p#yl y!

DAND Yy p#yl yzslLl Nbpp Z& YZpe LM s
Y! I D#I|jE3 4Dz DEsczLE3.

f 25 dmjdz Rp5n0=Zpt qastew 5d2 y dzLIPag3NJ
yI 51 LIEDEYyzB5LIF ZDNEYWEYEB +1dz gDy
NN pylyLS$1dz 25p! LRE LjdzE Dz ! & Dx + DA
NE5z2 geyLILDEDZ | y0WILIEDZ | $#d2L) LI LR |
NR5z2 g¢&y LILjDZ db +zd2 LUDE Z5LjL3S ljLI23Ljy p ! D3
RPp5n0O=Zpt @eP. t2& EN! pylyLs+ldz yDE =z
2#NJ | Ljiz2 gyz2 YLLIDSZLLE S5lgplLlichzg3
Yy dzZLD# I 3EDz 51 gplLjclzg.

§OALjdz5 I §dzdz Q f CORWTE fFpod PAIXY |j UEROIZS5 + 1l
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mysql > GAIL ML_MODEL_LOAD( @model , NULL
Query OK, O rows affected (1.12 sec)

mysql > SELECT sys.ML_EXPLAI N_ROW(O6{ i
38, 0o0workcl asso: APrivateo, of nl wgto:- 8

grado, oeduqamidon

9, 0mar isttadt uso: AMairvwsiped se o, 0oicocrudp:at
iFar mifnigghi ngo, orel ationshipd: fAHusbai
AWhiteod, 0dsex0: @ Malgai,nmd:apl,ttadlaps ¢ @l
O, 0howresweeko: 50, coatntvreyo: ASYNateso’
@model ) ;

I

| {"edg38, "x$e oldd, a@ea: otwWh" K6 deixn 1,

"flwgt "89 84, ‘'ueation":-gRo&d" , rkoowoas s " :
OPirvat e" , ediPot i on"50KJ'<= @ugpcati on"rmiadHga

fishing"p téadhaai n'0; " piat al os s '0;

“"rleat i onshi pshandu, uceetdi-oomnum"9, " brosped
we e k '50, "mMma abtatus" rr iodMdi vspouse"” ti V& ¢
country"it eeddnat es" e_@tatgri bution": 0.2
"s»x attribution": Oce02a41ribmuaion": 0.

"idex_attribut0i@n"tWwet _attri bu@ i0dmM":
"euwcation_attri buti,offfvoml ass_attributi:
0.0126,cup@ac¢i on_attri®ulldbh'pi"tcaal
gain_attribwtDpn'pctaal oss_attri buwtDdDpn"

"rlemti onship_attributionblcatOi-cOm?238, "el
num_attribution": ubsd8week"lmatributic
0.1806,ritmdtatus_attribution":iti O 067¢
cantry_attribution": 0.0001} |

o o o e e e e e e e e e e e el el

NNji! pysl | DEBHZRE+1 #1 vy

f 285 dmjdz Rp5n0=Zpt sttt Apn zDEYLIEdZ yI
EEYLLDE A0 ! DE3S5zLI5+1d0 yI3 EN!pylyL
NN pyll yLI5# 1l dz2 vz D# dsd? DENIz pDE3ISFIIEE S
z+pLjl 1dz | Ljdzld | y Lz 2 LN SRIP SLjLO S+ pa s
501 LL LyZpe d2$ljp3 z#0Ly51 L2 diyl ¢
LDy 505013 LR | #35p0 ENzg! LI LI2E Ll Ds

9EI YLX SY QELX FAY LINBRAOGAZY 2y I (Gl

mysql > CALL sys. ML_MODEL_LOAD( @model ,
Query OK, O roewsd @IfrZtsec)
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mysql > CALL

sys. ML_EXPLAI N_TABLE(' mlcorpus_v4.cen
@model, '"'mlcorpus_v4d4.census_explanati
Query OK, O rows affected (12.95 sec)

mysqgql > SELECT " i ndex-num e dAuSc aetdiuaccrat , o1
"houmpe+iweek™ AS hours_per _week, Predi
num_attribution® AS education-pleevel _a
week_attribution®™ AS hours_per _week _a

census_explanati ons;

T T S T
| index | education_level | hours_per_week | Prediction | educatio
T T e
| 0 | 7 40 | <=50K -0.0/01 | -0.002 |

| 1 9 | 50 -p. 4860K]| 0.1807 |

| 2 12 | 40 -p. 2486K| qo. 2101 |

| 3 10 | 40 | >50K |

| 4 | 10 | 30 | <=50K 0. 0002 |

| 5 | 6 | 30 | <=50K -0.0Q09 | -0.0015 |

| 6 | 9 | 40 -p. €88G6K| 0. 0023 |

| 7 15 | 32 p.¥58K | | c
| 8 | 10 | 40 -p. €8BUK| 0. 0047 |

| 9 | 4 | 10 -p. 888K |

B T e R
10 rows in set (0.00 sec)

W2 gzs | DHEBYSpP5 Lnj

2ljgDz LISI E | #3&p DAjyps5Lnj zyl 3&zDZyd
NRBEI L2 pyLEdI 3y Ly 3512 DTz SFFIp
¥$DS5 3501 yppn dz PZ Y LI BS + B 82 Wp p njd3FI1Z23.IyDW dzZ
'DZ 3Ce 51 8. 3@BIRIDrY & #+DEF L8 c Py =z
| DAz gdzdz zyll 2g zDZE YL 3 L+ ywEHiE | VR =z
FI1 L2g pyLEALI 3y LY.

f 2% dnjdz Rp5TWetn ! D#FEzI3LDE =z*!|! LjLEd
| DZ352LI5%0dz ¥ 350l LIEdZAI 3yLlY yI 3
f2Z RpS5TWetn t >0 DZEDAjSDZdz y dzZLIDB I 3
| ELDBz LM ZE LjdZEg3. ogyLluylig Rp dij!!
YydZ? 35dzz DB ZE3 2EDZ g#+Dz zpydzdz5g5zy LIS+

9El YLX SY

mysql > @GAISL ML_MODEL_LOAD( @model , NULL
Query OK, O rows affected (1.12 sec)

mysql > CALL sys. ML_SCORE(' mlcorpus_vi4
'"revenue' , @model , '"bal anced_accuracy
Query OK, O rows affected (5.34 sec)
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mysqgql > SELECT @scor e;

Foo- e e - - - e - - o - - - - - - -
| @scor e |
Fo - e e - - - e e e o - - - - - - -
| 0.7961280941963196 |
o - - - - - - -

Il LIE 3Dy L5401 NBLR 51 LIEDYzLBIE 3

QI LIEDH 2LI5E 3EliEp+! | SN LI EI1jbDFERTIIL
I LIS 2B ¥ & ZT ! Ljp iR D2 §YLY VI y p njdzLd
dzz 5 & I LIS dzLddz. 2 IS WAEQiNLES Ipds # 1D ljy513% 5 11 LI
£+DZ 3YLY yIypndsaed 31 wDRBES 25y YDA5 I ILE
dzLj! | +PAAFGRE pe pSZDY DS Edz 51 yIpy EHEIFE |
TI@LE. O ydz NEpp ydz | yD& 3+ NI !'g#lz s
SHsDA#ENT I L) LF zDEYLE y 36REl 54 LIE DY
I YLILJDE #g LIREdzE LM+pd: Ypp+NHZ y LjdED
5d2J5pp ORRBAB I3y s Sdz 5L |j EDnj &ydinj LM

t Ljdzg Dz zy Il gydiSpn z*llgzLll LI¥ ogyllwy
SHI3D&EINT gl Lz yIl'3 Dijl LD || day d2LINE P ppy
pEYyDA S5SNIz glLilzlLl5+1dz ! DAIj 53¢ 3 ZAdg oyl
SHIjSD&I | Y& 0 pjgZg DD 3¢ | yDD #Ljdz g &y LIL
z+| ! LLIWY LIS 1 d20 3y LY | DZ HEIdAIZ5 I 5 DF JB i dZF.
pYIlzLiyzeg g z2*%5z¢.

NEl LBEYEBRYIE RPp | ysegdz 5L jEDnj gyd
| yzRS pesyDASIz | +#35p ylI3 #! sDyLIS+IY
Y1 I DAE! DAYLIE 3yLYO ZydiE3 1 NBS5z2 yI
Iylni 3yLyY yIypndidds ypDEY3nj Ljdig LRE
I YLD p LM +p £#Dz LRE!l NRYPAREYEN ¥
LI2E ! DZ 35z L5+ I+dg0E dSOVpILBAE 5 BB Z B p Dijsp 5 Lin
3EDB5I L3 ¢D#I ofyLuyliE RP.
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Invoke HeatWave ML from Jupyter Notebook
Integration with interactive development environments

MySGf. Database Service Qery HeatWave Node
Pushdown
Connect MySQL Compiler & Optimizer — HeatWave ML
—
Train Losd

HeatWave for query

acceleration
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Explan Sl

[ Il —]

Inference, Explanation

Trained Model
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. " Jupyter HWML Jupyter Notebook Demo with Census Data-Version2 Last Checkpoint: 03/03/2022 (autosaved)

File Edit View Insert Cell Kernel Widgets Help
B+ 32 @ B A~ + WA B C B [Cod v =
In [20]: cur = conn.cursor()
In [21]: cur.execute("CALL sys.ML TRAIN('Census.census train', 'revenue'  JSON OBJECT('task', 'classi

out[21]: @

In [22]: cur.execute("CALL sys.ML_MODEL_LOAD(@census_model, NULL);")

out[22]: 0

In [23]: cur.execute("SET @row input - JSON OBJECT( \"age\", 25, \"workclass\", \"Private\", \"fnlwgt'

out[23]: 0

In [24]: cur.execute('SELECT sys.ML_PREDICT_ROW(@row_input, @census_model);")

out[24]: 1

In [25]: outputl = cur.fetchall();
print (outputl);

(('{"age": 25, "sex": "Male", "race": "Black", "fnlwgt": 226802, "education": "11th", "workc:

tion": "<=50K", "occupation”: "Machine-op-inspct”, "capital-gain": 0, "capital-loss": 0, "rel

"education-num": 7, "hours-per-week": 40, "marital-status": "Never-married", "native-country'
In [26]: cur.execute("SELECT sys.ML_EXPLAIN_ROW(@row_input, @census_model);")

o5z OoE lj+s& oSyLlwylic Rp ! D#zg3LiDE dz g D&
USdiljy p5AE ENjl pyllyLIs+ll yI3 | £3&5p Dijy

f 25d23pz NBpp |j5diljyp5SAgE L& DZ diLjp LIdz #*
DZjy p 5 &Wjdzg & Dz DZ 2 SHIAEHAPz | ynj 32538 LI
SEYLLDZEdZ YI 3 DZ! &W2FLde5eDZ) 3D# z+53dgdp LPAL

0010 mmm age_atiribution

W fours-per-week_aftibution
R W edycation-num_aftribubon
00%8 . sex_aftribution

W race_aftribution
oo T flwgl_atlibuton

W cccupation_atfribution

relafionship._aftribution

0004 marital-status_afiribufion

) II
0000

7.7I
0002 I

©5 3 BDPFS dZLjy p5AE | #3&Ep EN' pYylyLIS#I yI 3 Dij

Actual <=50K

Actual >50K

Predicted <=50K Predicted 550K

SEDE DA ylzg z#41 ! yD5dz#

ve DI ZEI zdd lyBRALYY €A LIIZLIEE pI DY) X8I dzDy Id
z+| | yDE3 LRE ! tDxg+Diylzg +g LID¥5I5I
NBLI2 t&c3d25gL) Rp. t25d2 Nydz 31§ g#%D

R+¥3&p DAjyp>5LInj 6 LID¥51503 LI5IE

t+ 1 EDp+Dd LBRE | gy dijDZ | &Il LI20 NEE d&Wp
d25Ldd2 y! ! p5zyZpE L#¥ y NB3E DIl 35 DEIM
LIDY Sd:ZIE £ LR E BUEMIL) diE ) QR P ¢ B IEDE +
LY 50513 #1 LR LPFHHINERGLEEY Iy d7g 53 v
€+ D7 zpy dids5 g D ySHOT Ve DAL OFEMIEr+a + 1
ogYLwylig Rp ylI3 $g3d25gL) Rp.
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Linj! &. +DE3d£2 ¢ 3l EDYLIES | $#3&p | GUmE:
Zypyll 2 £35y % RIiDY ¥ didz5075 & Y2LBE 3 DY &ES * 1 .

0Dz {t g3d225gWW0 RNt NRFS5RZNND NBb LJ2 LJ2
Rt O5WUnppT O8RP yI 3 Rt O5t T2t dRn O«? |
y dzz + DS 3 t Qo NE zDZ YLE 3 z LjdzLJ:
ZYypylzg35yzBzLiDA znj Y I 3

©+Dz ypp LRE | EYdDEI £ L) 2y LI 3 # D5 & d0
Sydinj z#41 ! yD5dz# | z MR 5 £j2)33ypdif AFSH AZE D |
DZ dzLjp LIdZ Y DEZ #Lj2y 5! ppy\ZRidgeimstiktyp Lid2 L & DB U
R2QUil 3 PNN zLj! 2yIig 1%L 2l 51 zplj
'D#1 53¢ Y liypd33 I #3¢p.

Wpydzdz5 ¢ 52y LIS+ z#1 ! yD5dzl
0EDZ yDZ LlRE 3yLydiSll:z NB5z2 NEDE z 2

DETER Explanation (Tr:nri?\‘gsse t) # features
Airlines Predict Flight Delays 377,568 8
Bank Marketing Direct marketing — Banking Products 31,647 17
CNAE-9 Documents with free text business descriptions of Brazilian companies 756 857
Gonneety sé;tal_\/grc;ﬂitlct)rv\;ri]r}ltgsesgame of connect-4 in which neither player has won 47289 43
Fashion MNIST Clothing classification problem 60,000 785
Nomao ﬁ;;ievg l)e:;\‘n;rr;gaig gfoevcvistgrefficiemly detect data that refer to a same place 24125 120
Numerai Data is cleaned, regularized and encrypted global equity data 67424 22
Higgs Monte Carlo Simulations 10,500,000 29
Census Determine if a person makes > 50k 32,561 15
Titanic Survival Status of individuals 916 14
Credit Card Fraud | Identify fraudulent transactions 199,364 31
KDDICup Predict the propensity of customers to buy new products 35,000 231
(appetency)

©5 3 EBEp Y dxds5 Kb = d2 Wdz

t2g LYZpeE ZEpFNI z*I1 ! yDZdz LIR2g Zypyl
oY LRl ENB L2 t ¢ dz8z5 £ IOt EEP30dE2d2 ¢ LI Rp Ny
dzp # NE Dz LJ2 y IR poOg yNBu yUjdge 3 3+l gLIDBz | §
3yrtregh Lk2g cgegezld ¥g LR2gdzg #FLjLp 5¢ DA
L2y LI ogyLllwyljg RPpEdz LDy 3515013 LIBIE 3
dZp 532 Lpn ZgLII DZ yzzLiD¥ z nj.

f25d7 d2531 5552y Il LE By  MEFYIgd & I g A p & d?
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