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m=dom | <A1 : m[*|?],...,An : TT[*|?]>

message Document {

H. = Bt % i FH DocId: 10 r . . .
ﬂXE%_EX;&:J:E H(thﬂ_j:bj, Links 1 required int64 DocId;
= 2%53$U _ Forward: 20 optional gr?up Links {
EIHEE?ﬁiEZIE Forward: 40 repeated inté64 Backward;
> ) X repeated int64 Forward; }
ii%ZfC;i:o Forward: 60 repeated group Name {
Hame repeated group Language {
Language

. — N . . required string Coda;
/\|E%%7T<:?iE%E$H<TE£ Code: 'en-us optional string Country; }

Country: 'us optional string Url; }}

Language
' I D Code: 'en'
Requwed\ Opthﬂ&JL- ) Url: 'http://A’ DocId: 20 r,
Repeated (*) FK7R5Fx|vame Links
. Url: "http://B’ Backward: 10
§i§2i2 Name Backward: 30
Language Forward: 80
Code: 'en-gb' Name
Country: 'gb’ Url: '"http://C’

Figure 2: Two sample nested records and their schema

CREARE BOR TR B IR HENLR



Dremel ¥ E{EEY

RERIER T NGoogle 774t S EHE R E | — 1 F &

TeRHTAT g AL . AUREA

=L R AR BEAR TR S (WIC+H+,

Java) WIS, #5155 RIS

AR I X S bR o Rk AR

ANRERUE, Csk A B 7 BOSAR N AR P A Je A% S 8L X
Ji2G, Javas FIMRAE 7 AT AL 55 S — > C++A42 il E 5 I
FHTiEaR. R, Rl R SIF g, PUEREEXTTMR
A B s B T H AR B2

CREARE BOR TR B IR HENLR



BREIIRFiE

mMELHTR, FATH bR &S MﬁﬁﬁA%EM%&M%
HERBGERREICR . RTHAE

>  — PP E R ek s
> ol
> gD R
> B A E

" ) ——> 1 |
I

r- iy gy g rll

record- column- I

oriented oriented

Figure 1: Record-wise vs. columnar representation of nested data

CREHEBOR ALY EITRFIHEIR N5 ziyulin@x



LAIAHI BRI S5 14

X fEDremelff] H
H A B AR R AR

K2 Documentﬁﬁﬁjﬁmé

maessage Document {
Docld: 10 ry required int64 DocId; A
Links optional group Links {
Forward: 20 repeated int64 Backward; B E
Forward: 40 repeated int64 Forward; } .Hfh‘a
Forward: 60 repeated group Name { - I.]I
Name repeated group Language { r .
Language required string Code; :
Code: 'en-us' optional string Country; }
Country: ‘us' optional string Url; }}
Language
Code: 'en' column-
Url: 'http://A' DocId: 20 r, oriented
Name Links
Url: 'http://B' Backward: 10 lumnar representation of nested data
Name Backward: 30
Language Forward: 80
Code: 'en-gb' Hame
Country: 'gb' Url: '"http://C’'

Figure 2: Two sample nested records and their schema
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DocId: 10 r,
Links
Forward: 20
Forward: 40
Forward: 60
Name
Language
Code: 'en-us'
Country: 'us'
Language
Code: 'en'
Url: 'http://A°
Name
Url: 'http://B'
Name
Language
Code: 'en-gb'
Country: 'gb'

DocId: 20 I'2
Links
Backward: 10
Backward: 30
Forward: 80
Hame
Url: '"http://C’
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DocId: 10
Links
Forward:
Forward:
Forward:
Name
Language
Code:

Country:

Language
Code:

Url: 'htt

r,
20
40
60
'en-us'’
) us '
'en’
County NULL
P:

Name
Language.County:NULL
Uri- .

Name
Language
Code: 'en-gb'
Country: 'gb'
DocId: 20 I'2
Links
Backward: 10
Backward: 30
Forward: B0
Hame
Ur < LanguageCounty NULL]




DeoecId: 10 l'1
Links
Forward: 20
Forward: 40
Forward: &0
Name
Language
Code: 'en-us'
Country: 'us’
Language
Code: 'en'
Url: 'http://A’
Name
Url: "http://B'
Name
Language
Code: 'en-gb'
Country: 'gb’

message Document {

required int64 DocId;
optional group Links {
repeated inted Backward;
repeated int6d Forward; }
repeated group Name {
repeated group Language {
required string Codea;
optional string Country;
optional string Url;

Docld: 20 rz
Links
Backward: 10
Backward: 30
Forward: B0
Hame
Url: 'http://C'

Figure 2: Two sample nested records and their schema

ER: TS EEIRE AT,
i K NEE T BN

Links.Backward

] Links.Forward

d r r

10 0 0 http://A 0 2 20 o 2 MULL |0 1

20 0 0 http:/lB 1 2 40 1 2 10 o 2

MNULL 1 1 60 1 2 30 1 2

httpiC | 0 2 a0 0o 2
‘ Name.Language.Country

—_— value r d
en-us 0 2 us o 3
en 2 2 MNULL 2 2
MULL 1 1 MULL 1 1
engb 1 2 gb 1 3
MULL 0o 1 NULL 0o 1

Figure 3: Column-striped representation of the sample data in Fig-
ure 2. showing repetition levels (r) and definition levels (d)
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Links seenField: Name
Forward: 20 Language
Forward: 40
Forward: 60 Code
Hama O Country
Languagae O
Coda: "an-us' |0 Code
Country: ‘'us' |0 Url
anguage Url

Coda: "an' 2
Url: 'http://A' |0

Hama 1
Url: ‘http://B" |1
N ame
Lanquage
Coda: "an-gb’

Country: 'gb'
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DocId: 10 message Document { m Links.Forward || Links.Backward
tiore required int64 DocId; dfll vaue r d ] value r d ] vale r d
optional group Linkg { 10 |0 O | http#tA |0 2 20 0 2| [nNULL 0 1
Forward: 20 repeated int64 Backward; 20 0 0 hﬁp'ﬂB 1 2 40 1 2 10 0 2
Forward: 40 repeated int6d Forward; } tp:
. Forward: 60 repeated group Name { NULL |1 1 60 1 2 30 1 2
ame repeated group Language { http:iC 0 2 80 0o 2
Laggud:g“ required string Code;
ode: 'en-us' . i +
Countrv: 'us' optional string Country; } Name.Language.Code Name.Language.Country
ry: optional string Url; }}
Language value r d value r d
Code: 'en' enus 0 2 us 0 3
Url: 'http://A m?cm: 20 l’z on 2 2 NULL 12 2
Name Links )
Url: 'http://B' Backward: 10 NULL 11 1 NULL 11 1
Hame Backward: 30 en-gb 1 2 gb 1 3
Language Forward: B0 NULL | o 1 NULL | o 1
Code: 'en-gb' Hame
Country: 'gb’ Url: 'http://C’
triped representation of the sample data in Fig-
tition levels (r) and definition levels (d)
Figure 2: Two sample 0 m
0 1
1 Links.Backward |—» Links.Forward
D __n—'-"""f
—

[ Name.Language.Code ]ﬂbl Name.Language.Country ]

Figure 4: Complete record assembly automaton. Edges are labeled
with repetition levels.
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Dremel &5 f)1E S 3£ T SQL, RSP ELLME 5
AT t/\SQL Br) (BEIPERAREUEH) Dl— 1P EiZ
MRERE M eI schemalE &N, Bl — 1P HRER

ATE FIschema. E6IA | —NEWE 1, $UAT 752
. iﬁiﬁa%ﬂﬂiﬂ\]%ﬁ%%ﬁ? WJ?EPEI’J%‘{EH’;MTT R|2rh

Pt = {r1,r2} %8 L. ZB2

SELECT DocId AS Id,

5] H .

B L AT Rk

COUNT (Name . Language .Code) WITHIN Name AS Cnt,
Name.Url + ',' + Name.Language.Code AS Str

FROM t

WHERE REGEXPF (Name.Url, '“http') AND DocId < 20;

Id: 10 t message QueryResult {
Name 1 required intéd Id;
Cnt: 2 repeated group HName ({
Language optional uinté4 Cnt;
Str: 'http://A,en-us’' repeated group Language {
Str: '"http://A.en’ optional string Str; }}}
Hame
Cnt: O

Figure 6: Sample query, its result, and output schema
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query execution tree
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storage layer (e.g., GFS)

Figure 7: System architecture and execution mside a server node

CREARE BOR TR B IR HENLR

i, B



QUERYRJALT
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A~ column-stripe EAERL— )~ table, #7274 T, table i Az FEFEHRT T A
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SELECT A,SUM(c) FROM (R UNION ALL ... Rl) GROUP BY A~

RIZFIRIEZEWHFE 1 EM (1 B n) TEHEEMNFEHEHER: |
R!=SELECT A, COUNT(B)AS c FROMT! GROUPBY A
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