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Hypothetical (What-if) Queries

Key Performance
Indicators (KPI)

Example from [Balmin et al. VLDB’00]:

“An analyst of a brokerage company wants to know what would
be the effect on the return of customers’ portfolios if during the
last 3 years they had suggested Intel stocks instead of Motorola.”

change something
in the source
(hypothesis)

forward S observe the effect
in the target




How-To Queries

mamszeas W Key Performance
& Indicators (KPI)

Brokerage company

DB

Modified example:
“An analyst wants to ask how to achieve a 10% return in customer
portfolios, with the least number of trades.”

find changes to the
source that achieve [€
the desired effect

reverse declare a desired
effect in the target




TPC-H example

O A manufacturing company keeps records of
inventory orders in a Lineltem table.

" from any single country

(variables)
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(optimization objective)

constraint optimization




Constraint Optimization on Big Data

this is for a set of T
10 lineitems and 40 5" 4 i
suppliers i

0T

800 |_| example10.mod
: 1 [
# Example provlen =
s s
/e sets o/ ;
et e e
B o e a ro
§ | et Coneteemsn;
t Partpnle:
set coRe 063 3
/+ paraneters +/
paran Join_CORE_Linelten2_CORE_Q {1 n CORE_Lineltenz) ;
paran Lineltenidguant {1 in Lineztemo} ;
paran Join_CORE_0_Lineltenid {1 in COREQ} ;
+ | poran 3otn_cone_o_portsuze1n, (1 tn core o)

paran key_CORE Q.0 {1 in KEY-Q0, 1 in CORE_Q)}

2 porm ke COREQ1 {1 40 KEYQ1, i O Q) —_—
paran ad{_CORE.5_CORE_LineIten? {1 n CORE_S, 7 in CORELineltenz) ;  —
7% vartables */ J

ORE_Qrid {1 in CORE_Q} binary ;

2 |var GRS (1 1n KEYQ0) binary
var VorkET_QL {¢ n KEV.Q.1} binary Y

{1 1 CORE_(

3| var CORE.| Hneltinznia (L 0 e Lettng) biary

quant {1 in CORE_LineItenz)
2 1t tn CORE.5) binary
4 in CORE_S)

(4 tn CORE_Ltneltenz) >+ 0 ;

R eI~ LineTserioqutTsetn e B acheemoCt]):
S50 tn cone umm.u e lm.mmzua[ ] = CORE_Qtig(join_CORE_LtneIten?_CORE_Q[1]];

1 tn e netemm ey
{1 in CORE_LineIten?}: Cwl,l\ﬂell!mlﬂuml[\] <
{1 in CORE_LineIten2}: CORE. l\nelummumt[\] >
‘Jotn_CORE_LineItenZ CORE_Q[1])) * 666;

G0 = =3 in CORE_Ltnezeen

Y mesenst o ax

CORE_Linettenzquant (1);
e tunenemualt) * o

aggr. (ugz LMehngum

GEEEH tn CoRES)

SEFZAL tn CORE_S): CORESC[1] <= 507
o)

| [ T T

8 printf “\n"; ) .
- Mixed Integer transform

. .
12345678910
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12345678910 ;
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solver updates

&1 | paran jotn_CORE_LineItenz CORE q:
1

’
Line: 1 _Column: 1 5 Plain Text 3O v SoftTabs: 4 &+ — B




Demo: Tiresias

a tool that makes
how-to queries practical



Tiresias: How-To Query Engine

TiQL (Tiresias Query Language)

RULES:
HChooseS (ok,pk,sk,qnt,sk’,country) :- PartSupp(pk,sk’) & LineItem(ok,pk,sk,qnt)
& SuppNation(sk2, country)
HLineItem(ok,pk,sk’,qnt) :— HChooseS(ok,pk,sk,qnt,sk’,country)
HOrderSum(country, count (*)) :— HChooseS(ok,pk,sk,qnt,sk’,country)
[c? <= 10] <- HOrderSum(country,c?)
MAXIMIZE(count(*)) :- HChooseS(ok,pk,sk,qnt,sk,country)
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Declarative interface,
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extension to Datalog

Tiresias
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RULES:
HChooseS (ok,pk,sk,qnt,sk’,country) :

HLineItem(ok,pk,sk’,qnt) B
HOrderSum(country, count (*)) B
[c? <

MAXIMIZE(count (%)) :-

8006
L |e
# Exaple provlen
»
5 [ sees s
© | set cone_Linereenz;
o

& | set Linertemo;

15| set comeoeg;

15 |/+ paraneters +/
paran 3oin_CORE_LineIten2 CORE_Q {1 tn CORE_Lineltenz} ;

paran Linetenioquant {1 in Lineltemlo}

paran Join_CORE_Q_Lineltemld {1 in COREQ} ;

paran Join CORE 9 Partsuppld {1 in COREQ}

paran key_CORE.Q.0 {1 in KEV.Q.0, J tn CORE.Q} ;

paran key_CORE_Q_1 {1 in KEY.Q_1, ] in CORE_Q}

paran

/% vartables */
oRE.

var CORE_Qrid {1 tn COREQ) binary ;
6 |var VarkEY.Q.0 {1 in KEY.Q_0} binary
27| var varkEY.Q_1 {1 tn KEY.Q_1} binary

1t 10 COREQ}

n2tid (1 1n CORE_LineTten2) binary ;
ant {1 in CORE_Lineltenz} ;

vor CORE_St1d {1 in CORE_S) binary ;

2 |var GRESC {1 n coRes)

{4 tn CORE_Lineltenz) >= 0 ;

3} birary ;

sun(] in CORE Q) key_CORE_Q_1(1
sun{] in CORE_Q) key_CORE_Q_0[1.

{1 tn CORE_Lineltenz}: CORE_Lineltenzquant[t] <

Jotn_CORE_LineIten2 CORE_Q[1])) * 666;

o

£'1n CORES, J in CORE Lineltenz} ;

3 * o
21 * o

d[1] <= sun{j in CORE_LineTten?} ad) CORES_CORE Linel
”

01, CORE, S, COR! Itesg|
£[1] <= CORE.LineTtenzquant (1)

- PartSupp(pk,sk’) & LineItem(ok,pk,sk,
& SuppNation(sk2,country)

- HChooseS (ok,pk, sk,qnt,sk’, country)

- HChooseS (ok,pk, sk,qnt,sk’, country)

10] <- HOrderSum(country,c?)

HChooseS (ok, pk, sk,qnt, sk, country)

tfJoin_CORE_Lineltenz_CORE_Q[1]) - (1 -

ten2(1,7) * CORE Linelrem
3

Overview

O Visualizations

) TiaL

O MathProg

or AMPL
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Overview

RULES:
HChooseS (ok,pk,sk,qnt,sk’,country) :- PartSupp(pk,sk’) & LineItem(ok,pk,sk,qif)
& SuppNation(sk2,country) ° a by
HLineItem(ok,pk,sk’,qnt) := HChooseS(ok,pk,sk,qnt,sk’,country) TI QL - ® La n g u a ge S e m a n tl CS
HOrderSum(country, count (*)) := HChooseS(ok,pk,sk,qnt,sk’,country)
[c? <= 10] <- HOrderSum(country,c?)
MAXIMIZE (count (*)) HChooseS (ok, pk, sk,qnt, sk, country)

Evaluation of a TiQL
program: Translation

: o
pr—— ®
:

7* sets o/

L ] L ]
set Cone_Linertenz;
et CoReLQ;
set Linettemo;
.
L
7+ paraneters */
Jartn J0in.CORE L ineTten2_CORE_Q {1 tn CORe_Linetend) 5
paran Lineltemidquane {1 in Linertenlo) ;
n_CORE_ Linetento (1 in CORE.Q) ;

e o {1 in CORE_Q}

paran key_CORE_Q.0 {1 in KEY.Q.0, J tn COREQ}

paran key CORE_Q_1 {1 in KEY.Q_1, J tn COREQ} ;

paran gdj_CORE S _CORE LineItem? {1 in CORES, J in CORELineIten2}

7+ vartables */ J

Var CORE_Qr1d {1 in CORE_Q) binary

Var VGrKEY.0.0 {1 n KEY_Q_0) binary =1;

Vor VarkEY_Q_L {t i KEY_Q_1} binary
{4 tn coRe_g}

¢ 6 {1 1n CORE_LineIten) binary

vor CORE L ineitenzquont {1 tn CORE_Lineltenz}

e . O MathPro g Performance

tn CORe 063} r—:Ge

ps

s.t. e in « sun] in CORE_Q} key_CORE_Q_O[1,3] * 13

s sus{] in CORE_Q} key_CORE_Q_1(1,] a0); he . e
s Ke sun{] in CORE_Q} key_CORE_QO[1,1) * d0);

st CORE Qquant[1] = LineItenioquont [Join_CORE_G. Lineltento(1]);

s i3 1) G[70tn_CORE_L1neItenz_CORE_Q[1]);

Py in CORE_Lineltenz) 1) douant _CORE.Q[11);

s.t. in CORE_LineIten2}: CORE_LineItem2quant(i) 2t 1 3

5.t 7{1 1n CORE_LineItemZ): CORE_LineItemZquant(1)

Jotn_CORE_Linelten2_CORE_Q[1]]) * 666;
B(t tn CORE_S}: CORE Stidlt] <= sun{J in CORE_LineIten2} gdi CORE S CORE L
1) >=




Tiresias Query Language
O Datalog-like notation:
P(:E)} :—\Bl(fl) A Bo(Zo) A« N Bn(;f;n)/
| Y

head body: conjunction of predicates

O TiQL semantics:

Mapping from EDBs (Extensional Database) to
possible worlds over HDBs (Hypothetical Database)

HDB >HP(Z) : - body




TiQL Rules

Deduction Rule HP(Z) :- body

Semantics:
Similar to repair-key semantics [Antonova et al. SIGMOD’07], [Koch ICDT’09]

Reduction Rule HP(Z) :< body

Semantics:
Takes a subset of tuples

Constraint Rule [arithm-pred] <- body

Semantics:
The head predicate needs to hold for all tuples




Overview

RULES:
HChooseS (ok,pk,sk,qnt,sk’,country) :- PartSupp(pk,sk’) & LineItem(ok,pk,sk,qif)
& SuppNation(sk2,country) ° a by
HLineItem(ok,pk,sk’,qnt) := HChooseS(ok,pk,sk,qnt,sk’,country) TI QL - ® La n g u a ge S e m a n tl CS
HOrderSum(country, count (*)) := HChooseS(ok,pk,sk,qnt,sk’,country)
[c? <= 10] <- HOrderSum(country,c?)
MAXIMIZE (count (*)) HChooseS (ok, pk, sk,qnt, sk, country)

Evaluation of a TiQL
program: Translation

: o
pr—— ®
:

7* sets o/

L ] L ]
set Cone_Linertenz;
et CoReLQ;
set Linettemo;
.
L
7+ paraneters */
Jartn J0in.CORE L ineTten2_CORE_Q {1 tn CORe_Linetend) 5
paran Lineltemidquane {1 in Linertenlo) ;
n_CORE_ Linetento (1 in CORE.Q) ;

e o {1 in CORE_Q}

paran key_CORE_Q.0 {1 in KEY.Q.0, J tn COREQ}

paran key CORE_Q_1 {1 in KEY.Q_1, J tn COREQ} ;

paran gdj_CORE S _CORE LineItem? {1 in CORES, J in CORELineIten2}

7+ vartables */ J

Var CORE_Qr1d {1 in CORE_Q) binary

Var VGrKEY.0.0 {1 n KEY_Q_0) binary =1;

Vor VarkEY_Q_L {t i KEY_Q_1} binary
{4 tn coRe_g}

¢ 6 {1 1n CORE_LineIten) binary

vor CORE L ineitenzquont {1 tn CORE_Lineltenz}

e . O MathPro g Performance

tn CORe 063} r—:Ge

ps

s.t. e in « sun] in CORE_Q} key_CORE_Q_O[1,3] * 13

s sus{] in CORE_Q} key_CORE_Q_1(1,] a0); he . e
s Ke sun{] in CORE_Q} key_CORE_QO[1,1) * d0);

st CORE Qquant[1] = LineItenioquont [Join_CORE_G. Lineltento(1]);

s i3 1) G[70tn_CORE_L1neItenz_CORE_Q[1]);

Py in CORE_Lineltenz) 1) douant _CORE.Q[11);

s.t. in CORE_LineIten2}: CORE_LineItem2quant(i) 2t 1 3

5.t 7{1 1n CORE_LineItemZ): CORE_LineItemZquant(1)

Jotn_CORE_Linelten2_CORE_Q[1]]) * 666;
B(t tn CORE_S}: CORE Stidlt] <= sun{J in CORE_LineIten2} gdi CORE S CORE L
1) >=




Evaluating a TiQL Program

TiQL
RULES:
HChooseS (ok,pk, sk,qnt,sk’,country)

HLineItem(ok,pk,sk’,qnt)

HOrderSum(country, count (x))

[c? <= 10]
MAXIMIZE(count (*)) :-

- PartSupp(pk,sk’) & LineItem(ok,pk,sk,qnt)

& SuppNation(sk2,country)
- HChooseS(ok,pk,sk,qnt,sk’, country)
- HChooseS(ok,pk,sk,qnt,sk’, country)

<- HOrderSum(country,c?)

HChooseS (ok, pk, sk,qnt, sk, country)

v

Mixed Integer Program
MIP)

8006

|| example10.mod

: N
» Exapie proplen
.

7* sets o/

set CORE_003;

/* paraneters *+/
paran join_CORE_Linelten2 CORE_Q {1 in CORE_LineItenz}
paran LineItenioquant {1 in LineItemlo}
paran Join_CORE_Q_Lineltemld {1 in COREQ} ;
{1 tn COREQ)
paran key_CORE_Q.0 {1 in KEY.Q.0, J tn COREQ}
paran key_CORE_Q_1 {1 tn KEY.Q_1, ] tn COREQ} :
paran ad] CORES_CORE LineIten? {1 in CORES, ) in CORE_LineItenz}

7% vartables */ )
€ gtid {1 in CORE_Q} binary

3} binary a1}
1t 1n coRe_g}

g {1 1n CORE_LineTtenz} binary
vor CORE_Lineitendquont {1 tn CORE_Lineltenz}

/* constratnts */
(1 tn KEY.Q.0}

un{] tn CORE_Q} key_CORE_Q_1(1,7]
(1 1n KEY_Q 0 1 <= sund] in CORE_Q} key_COREQ_O[1,1] * G 1
uaRE[1] = LineItenioquant [Join_COREQ_Lineltento(s]];
] 301n_CORE_Linelten2_CORE_Q[1]);
want[ J01n_CORE_LtneTtenz_CORE_Q[11);
join_CORE_Linelten2_CORE Q1)) * 66;
it oin_CORE_Linelten2_CORE Q[1]) - C1 -

4 in CORE_LineItenz):

5]
£ tn CORE_LineItenz}: CORE_LineItenzquont[t]
£ tn CORE_LtneItenz): CORE_LineItenzquont[t])
Jotn_CORE_Ltnelten2_CORE_Q[1]]) * 666;

CORE_SEA(1] <= sun{3 in CORE_Linelten?} gdj CORE S CORE L
1 tn CORE_S, 3 in CORE.Linertenz): 1




Evaluating a TiQL Program

HChooseS (ok,pk,sk,sk’) :- PartSupp(pk,sk’) & LineItem(ok,pk,sk,qnt)

CORE_HChooseS PartSupp Lineltem

ok | pk sk | sk’ pk sk ok | pk sk | quant
1 | P15 | S10 | S10 |« P15 | S10 1 | P15 | S10 22
1 | P15 | S10 | S21 |« P15 | S21 2 | P32 | S43 45
2 | P32 | S43 | S10 [ P32 | S10 %

2 | P32 | S43 | S43 P32 | S43

possible worlds

ok | pk sk | sk’ ok | pk sk | sk’
1 | P15 | S10 | S10 1 | P15 | S10 | S21
2 | P32 | S43 | S43 2 | P32 | S43 | S43
ok | pk sk | sk’ ok | pk sk | sk’
1 | P15 | S10 | S10 1 | P15 | S10 | S21
2 | P32 | S43 | S10 2 | P32 | S43 | S10




Key Constraints

CORE_HChooseS

ok | pk sk | sk’

P15 | S10 | S10
P15 | S10 | S21
P32 | S43 | S10
P32 | S43 | S43

DN = =

Key(ok, pk, sk)

r1+x2 <1
$3+$4§1

Z1
o)

L4

NOT a possible world

ok

pk

sk

sk’

1
1

P15 | S10
P15 | S10

S10
S21




Provenance Constraints

o A TiQL rule specifies transformations

O Transformations define provenance
® Boolean semantics for queries without aggregates

® Semi-module provenance for queries with
aggregates [Amsterdamer et al. PODS’11]

Disjunction: Conjunction:
Y=X;VXsV...VX, Y =X AXoA...ANX,
Vi,y > x; Vi,y < x;




Overview

RULES:
HChooseS (ok,pk,sk,qnt,sk’,country) :- PartSupp(pk,sk’) & LineItem(ok,pk,sk,qif)
& SuppNation(sk2,country) ° a by
HLineItem(ok,pk,sk’,qnt) := HChooseS(ok,pk,sk,qnt,sk’,country) TI QL - ® La n g u a ge S e m a n tl CS
HOrderSum(country, count (*)) := HChooseS(ok,pk,sk,qnt,sk’,country)
[c? <= 10] <- HOrderSum(country,c?)
MAXIMIZE (count (*)) HChooseS (ok, pk, sk,qnt, sk, country)

Evaluation of a TiQL
program: Translation

: o
pr—— ®
:

7* sets o/

L ] L ]
set Cone_Linertenz;
et CoReLQ;
set Linettemo;
.
L
7+ paraneters */
Jartn J0in.CORE L ineTten2_CORE_Q {1 tn CORe_Linetend) 5
paran Lineltemidquane {1 in Linertenlo) ;
n_CORE_ Linetento (1 in CORE.Q) ;

e o {1 in CORE_Q}

paran key_CORE_Q.0 {1 in KEY.Q.0, J tn COREQ}

paran key CORE_Q_1 {1 in KEY.Q_1, J tn COREQ} ;

paran gdj_CORE S _CORE LineItem? {1 in CORES, J in CORELineIten2}

7+ vartables */ J

Var CORE_Qr1d {1 in CORE_Q) binary

Var VGrKEY.0.0 {1 n KEY_Q_0) binary =1;

Vor VarkEY_Q_L {t i KEY_Q_1} binary
{4 tn coRe_g}

¢ 6 {1 1n CORE_LineIten) binary

vor CORE L ineitenzquont {1 tn CORE_Lineltenz}

e . O MathPro g Performance

tn CORe 063} r—:Ge

ps

s.t. e in « sun] in CORE_Q} key_CORE_Q_O[1,3] * 13

s sus{] in CORE_Q} key_CORE_Q_1(1,] a0); he . e
s Ke sun{] in CORE_Q} key_CORE_QO[1,1) * d0);

st CORE Qquant[1] = LineItenioquont [Join_CORE_G. Lineltento(1]);

s i3 1) G[70tn_CORE_L1neItenz_CORE_Q[1]);

Py in CORE_Lineltenz) 1) douant _CORE.Q[11);

s.t. in CORE_LineIten2}: CORE_LineItem2quant(i) 2t 1 3

5.t 7{1 1n CORE_LineItemZ): CORE_LineItemZquant(1)

Jotn_CORE_Linelten2_CORE_Q[1]]) * 666;
B(t tn CORE_S}: CORE Stidlt] <= sun{J in CORE_LineIten2} gdi CORE S CORE L
1) >=




Optimizing Performance

O Model optimizer
® eliminates variables, constraints, and parameters

® uses key constraints, functional dependencies,
and provenance

Significantly faster than letting the MIP solver do it

O Partitioning optimizer

max(ry + x2)
s.t: 1+ xo < 50
maz(ry + T2 + 3 + T4) >0
s.t: 1+ x9 < 50 N > —
T3 + 24 < 50 max(rs + T4)
z; 2 s.t: x3 + x4 < 50
z; >0




Evaluation of the Model Optimizer

10000 ¢
1000 ?
/N - .
3 = baseline
N [
g 100 | \\\\\s =
.5 :
=
k> I
with optimization -
1 | | | | | | | | | | | | | | | | |
100 1000 10000

Data size (# of tuples)



Runtime (sec)
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Evaluation of Tiresias Partitioning

complex dependency on the
granularity of partitioning

10k tuples
I I I I
TiQL to MIP translation - -& -
- MIP solver ---&---
total Tiresias query time —e—
)
i 41 o
NG
B | o
E
N
L 4 €
=
a7
,—’A,’
v =
3@\ = EE S N
il ot el Wl el TN
0 100 200 300 400 500 600

Group size (# of partitions per group)

granularity of partitioning

25000

20000

15000

10000

5000

1M tuples

I I I I
TiQL to MIP translation - -3 -
MIP solver ---4---
— total Tiresias query time —e—
n \E . e
. e
. o

- —‘—gy;’i‘ . _

Al B = = U

il | | | | |

0 100 200 300 400 500 600

Group size (# of partitions per group)



Runtime (sec)

O W A U O d 0

S -

Scalability

MIP solver / Iper plartition (avgl) e

MIP constructor / per partition (avg) =

Constructor time depends on
DB query execution time

The MIP solver runtime (per
partition) does not increase
with data size

e B

Sk 10k

50k 100k 500k 1M

Data size (# of tuples)




Related Work

O Provenance

[Amsterdamer et al. PODS’11], [Cui et al. TODS’00],
[Green et al. PODS’07]

O Incomplete databases

[Antonova et al. SIGMOD’07], [Imielinski et al. JACM’84],
[Koch ICDT’09]

O Other RDM problems

[Arasu et al. SIGMOD’11], [Binnig et al. ICDE’07],
[Bohannon et al. PODS’06], [Fagin et al. JACM’10]



Next Steps with Tiresias

Handling non-partitionable problems

Tiresias

Parallelization and handling of skew

Result analysis and feedback-based
problem generation

| |
| |
| |




SIGMOD Demo Group C

800/ ) Tiresias: Start page

— o
) .
€« C | ® localhost/Tiresias/admin/TiresiasStart.php w @ 2 Locatl o n * Va q u e ro A
CJuwlinks *JiGoogle [l finances [ recipes [various (T) The GNU Linear Pro- ¥, GLPK - Wikibooks, © ¢ gmpl.pdf  §i§ 2011-2012 HCl Job T' . . .
ime: 13:30-15:00

Tiresias: How-To Queries m

How-To Queries  Admin Panel

Predefined How-To Queries List of orders (Lineltem)
1: Reduce quantities. Total quantity per order <= 150 items v orderkey key supplierkey
[suomit L r—
© | ® locathostTiresias/index.huml oK
CJuwiinks  *JiGoogle [ finances [ recipes (i various  (T) The GNU Linear Pro  “Jj, GLPK - Wikibooks, « ¢ gmpl.pdf i 2011-2012 HCl Job nsf.gov - Funding
How-
(= 7]
Select val ,
1 . “\
Reduce - N
o
& <
Select KB
Total qd *
Select obj‘ 800, () Tiresias: Admin View \
Lol | € & C | ® localhost/Tiresias/admin/adminView.php % © A
(Juwlinks *§iGoogle [ finances [l recipes [ various (T) The GNU Linear Pro- ¥\ GLPK - Wikibooks, © ¢ gmpl.pdf  §f§ 2011-2012 HCl Job »

ED gomn

Tiresias: Admin View

How-To Queries ~ Admin Panel

—

Last Execution TiQL
* Time : 593 msec Q(ok, Pk, sk, quant, sk2, country) :- Lineltenl0(ok, pk,
1 2490 Power Series plus. e e o
; JE— Displayed Aggregate  vieu i LineItem2 (ok, pk, sk2, quant) - Q(ok, pk, sk, quant,
; e
1 ProSate-RS BrEE B . try AS name, t(*) A , ( ntry, nt (* :- Q(ok, pk,
1 Realiime Production Organanizer .x
1 Exatas. . b.
1 Exapilot . .

Tiresias - SIGMOD 2012 http://db.cs.washington.edu/tiresias




Contributions

O How-To queries

O Using MIP solvers to > 4
answer How-To queries

o Tiresias prototype

aaaaa

implementation i

Buigaria I
Brazi 1T 1 1 1 1 T
tina m

http://db.cs.washington.edu/tiresias



