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Safe Harbor Statement

The following is intended to outline our general product direction. It is intended for
information purposes only, and may not be incorporated into any contract. It is not a
commitment to deliver any material, code, or functionality, and should not be relied upon
in making purchasing decisions. The development, release, and timing of any features or
functionality described for Oracle’s products remains at the sole discretion of Oracle.
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What is Oracle Database In-Memory?
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IMCU :

In-Memory Compression Unit
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CU: A5, 1=y (Column Unit)
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12.1.0.2 Bundle Patch
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12.1.0.2 Bundle PatchlZ&A/\T74+—< 2 XA L%

= MOS Note:1454618.1
Quick Reference to Patch Numbers for PSU, SPU(CPU), BPs and Patchsets
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Description PsSuU GI PSU Proactive Bundle Patch Bundle Patch
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=N = S )
APR2016 22291127 (12.1.0.2.160419) 22646084 (12.1.0.2.160419) 22899531 22809813

(12.1.0.2.160419)

L 2
m e D e I\ M d JAN2016 21948354 (12.1.0.2.160119) | 22191349 (12.1.0.2.160119) | 22243551 22310559
lkb == IXe (12.1.0.2.160119)

wr IAEE = OCT2015 21359755 (12.1.0.2.5) 21523234 (12.1.0.2.5) 21744410 (12.1.0.2.13) 21821214
Workload)?2 = =12 21210
ATEI> =
JUL2015 20831110 (12.1.0.2.4) 20996835 (12.1.0.2.4) 21188742 (12.1.0.2.10) 21126814
(12.1.0.2.7)
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- / \_ I\ / \_ z | APR2015 20299023 (12.1.0.2.3) 20485724 (12.1.0.2.3) 20698050 (12.1.0.2.7) 20684004
. H AV | (12.1.0.2.4)
JAN2015 19769480 (12.1.0.2.2) 19954978 (12.1.0.2.2) 20141343 (12.1.0.2.4) 19720843
(12.1.0.2.1)
0CT2014 19303936 (12.1.0.2.1) 19392646 (12.1.0.2.1) 19404326 (12.1.0.2.1) N/A
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DAX scan processing in DAX frees most of the cores for transactional processing
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Enterprise Manager 13c Cloud Control|&] [
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In-Memory Column Store Options

:.I'II
]

In-MemoryZs

Configure In-Memory options by specifying the following inputs.
Enable In-Memory

yu]]
)<1
>
(1

™ Compression () Default
Inherit compression setting from the tablespace, if specified

~ jﬁ_ yi
@ 12C Rl b\‘ ),ﬂs 3 ! 1 Ioll‘\ill::aCl::nr'r||:urrassi|:w-|
71N No compression will be performed when data is populated in-memory.

Compression for DML
Light weight compression, optimized for DML operations
" Query Based Compression
Specify Low for highest performance. Specify High for balance bebseen performance and capacity, weighted towards perfo

"

JL Bkb |— %{r'- > “iLow ! High
GEX E 0) j:" E l//\) I/ ) Capacity Based Compression
Specify Low for balance bebwesn performance and capacity, weighted towards capacity. Specify High for highest compressi
“iLow ! High
Loading Delayed
Oracle deddes when to load data in-memony.
UL IEE O —_ O Immediate
5 Ex kE @ 7 7 IJ ’ /r Population of data in-memary will be queued immediately, based on the specified priority.

Priority | ' Low! Medium ' High 001t'u:a|

By Subpartition
Distribube subpartitions to different instances in the clester.

Duplicate ™ puplicate Al
Entire data is available in-memory on all instances in the cluster
O No Duplicate
> Only ane copy of the entire data is available in-memoary across the cluster. Used along with distribution.
RAC/_ I~ Fﬁﬁ 0) HA " Duplicate

Two copies of the entire data is available in-memaory across the duster. Used along with distribution.

Data Distribution oAum Distribute
Oracle decides the best way to distribute data across instances in the clester
By Row ID
Distribute by row-id range.
RS /\ > " By Partition
RAC/ — I\ FEﬁ @ n %& ﬁ ;f ) Distribute partitions to different instances in the chester.

Columns

Yeui ronild Fhanes o lnad erlactive cnliimne in memnns nr enacife different comaceecinn antinne fre 2nma calimne Snecife the

®
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JEBR 7 —20—F: Active Data Guard TDIn-Memory %
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7 ILZA L5 HT: In-Memory Expressions %
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Net=P Price * T. : ‘n .
,fey)u—cr.'fi;a'"jf;l\;x (expre55|orj)7a:— = {U’CL\ZD
Sales — BEIIZTICOTHAEIND
— bkt - Expression(R IR, 5HE X)X EFIIC

E HEEINin-memoryl ZH&HRATREIC
& 8 —(REHS LTIA—FHERRMIZIE
v EI D
< —FE1=13 expression HAEEIHIIZHR
Hand
CREATE TABLE SALES (
PRICE NUMBER, TAX NUMBER, .., « T D In-Memory [Ze@EESn 1=
NET AS (PRICE + PRICE * TAX) QLR AN FH Rl BE(SIMDZR E)
) INMEMORY ;
%E%&@’JIU— 3-5{F &EEIC
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)T ILEA LT KYEIRD In-Memory 34> %
« DTEIO ) —IZIOINDY®HY . T4IL

#l: ZEREDIRFEMIEZTER D A—REAE VRS
Vehicle Sales .
e e ——— Y= I VR B | e R G e I [ Ve
2 | NAME A8 = JIOINT AT LZEIEE
e s _ENSONSLIEERET 40 aF—%
3 HEIT5S
. ~EBEOHSLIET—E2ZFDEDTIEEL

T4 aF)— EIZLYIOINENS
CREATE INMEMORY JOIN GROUP V name jg ° 2-315 B &EF join ILIEAVAIHEIC
(VEHICLES (NAME) , SALES (NAME) ) ;
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Oracle Database 12¢ In-Memory
12. 25 RE &

Real Time Analytics Performance EENGHE

T -

12.1 OLTP & Analytics on same single Sub-second reporting & analytics TI)r— a3V DEBRRE

)
g_

server or RAC database sQLin Silicon
12.2 Offload analytics to Active Data 3x faster joins, 10x faster Dynamic data movement
Guard standby expressions, 60x faster JSON between storage & memory
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Active Data Guard
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Active Data Guard C@DDBIM: High-Level Architecture
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Capacity + Availability: In-Memory on Active Data Guard%

Sales Shipments
an Memory e Memory * DISTRIBUTE FOR SERVICE AJI=&Y~7
ARV R INA A THAE—[TR
Eal—3argomhEINETETE

c ARVINADERBHLHIZEE. ZRXT
SALES BLRAREAAE)—ILA[RE

« O—JLA—XH—E X{FHATHE
Standby

srvctl add service -db db_unique_name -service —E X4 [-eval]
ﬁ?)]ti"j'_tx A ﬁ&kﬂ;‘;ﬂ_tx B -serverpool server_pool [-cardinality {UNIFORM | SINGLETON}]

[-edition edition_name] [-netnum network_number]

Primary

[-role "[PRIMARY][,PHYSICAL_STANDBY][,LOGICAL_STANDBY]],...]"

ALTER TABLE ALTER TABLE
e e sEmETs PO o 3EGrid Infrastructure B T
FOR SERVICE A FOR SERVICE B dbms_service.start_service() 1%1 ]
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In-Memory on Active Data Guard: A3 7\ A D & TIn-Memory
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IM on Active Data Guard: Y1 ;B CTE7&5In-Memory T—4

AKFH A XA VA o, * INMEMORY SIZE /NTHA—4
5 — FSATYRRAUINA B A DTS CTEE
@ _ B EL AR

C RTOATSTHMNUTFICHE

INMEMORY DISTRIBUTE FOR SERVICE

Ty

i p — — TS5ARYICH—EREHRTE
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EY
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- WAIZTH—ERERTE
- HTEEE
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FastStart
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REAL—a EE DM L In-Memory Fast-Start %

o IMHNITA—TIRDARL—ADKERIE

Buffer In-Memory s jo
Cache NI LANT 2 ° In-Memory IS LA DABELR
5» —Tr 71 0 ) 5 » E 1L —3 3> FFlZSecureFile LOB~
m FIVIRAENS
- DB BEERDRE L — 3> (35
— T ® I+—IYNEEERNL —Uh b
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In-Memory FastStart

BEGIN

1. FastStart FHRMBEDE|YZHT
— HRIRMBEOYAXIL
INMEMORY SIZE/NTA—H—D 2%

c  TAEHIEAS=., —FRIZAUAE
JIMCUB EHELL L DB AN EIZES

2. T—7A3IELOB syspeIMFS T.0BSEGSIZ
- &7

SQL= Select L.owner, l.segment Name, sum(s.bytes)/1824/1024 MB .

3 Where  1.csgnent name = s-segnent nane — AT —FEsysaxRBBIZREF

4  And L.tablespace name = 'TS FASTSTART' ~ . _

—  sysaUX REWIIAUSAUTHSHZE

OWNER SEGMENT NAME MB ) - Sntr = o
oo [ommmes comees) 3. ZEROVVI NHADEFIERE
—_ = ar hw g ==
ZHAHEEFSHRMEBLIES

dbms_inmemory_admin.Enable_faststart('TS_FASTSTART');

END;

LN \o

H

5 Group by l.owner, l.segment Name;
~
W
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In-Memory FastStart

A AE) - hTLF—FEE
SALES

— B8 LD
REAL—NLEE
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REAL—FLIEDEE (T —R L FastStartfBIEIZE
=HINS

FETESHI HERRREHESEND

T—AR—ZX BB (LFastStartpBE NS EIERE 1
L—k9 3%

TA—IVNEFHENTE
BEREAL—ay - L—ILEE R

AITOTORDA AT EHZES T &, FastStart R
MoHIFRESN S

- ERROREEOBETAIAE

— DBMS_INMEMORY_ADMIN.FASTSTART _MIGRATE_STORAGE
* In-Memory Expression,Join GrouplZ kY R—k
* LOBT—2IETIvhTI+r—LEH
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Engineered Systems T & 5% 7€ AI BB
4 2 AE)—4HI8 D High Availability
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« EDIED EH%Exadata, ODA
DODUPLICATERFIZIZXED
Faststartf A—UhMEAINS

« Active Data GuardlZIExT S

IMCUT—4ADLOBADEZHLIZ
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Faststart7T —2 | EE N4
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ADO/ILM X ity

Automatic Data Optimization( B &) T —4&#E1k)
Information Lifecycle Management (ILM)
Heatmap(E—k<v7)
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E—k-<v7

Enterprise Manager

ORACLE Enterprise Manager Cloud Control 12¢ Setup v Help v | 4@ SvSMAN v | Logou ©
6 Enterprise v (@) Targets v ¢ Favorites v @ History « arch Target Name v

ﬁ' SALES Logged in as SYS @I L;_l adc2101088.us.oracle.com
Oracle Database v Performance v Availability ~ Schema v  Administration ~ o

Information Lifecycle Management

Object Activity Policy
Top 100 Tablespace Activity Heat Map: SALES > Top 100 Object Activity Heat Map by Tablespace: SALES_USERS1

Top 100 Object Activity Heat Map by Tablespace: SALES_USERS1 Search for Object Activity
} ADR__TYPES View by | Last Modified Time v

Tablespace | SALES_USERS1 Q

. Last 1 Week .
Last 1 Week - Last 1 Year Schema| ALL %
. > 1 Year Name | ALL Q

Type | ALL v

Partition

j Last Modified Time v
From B)
To &y

ITEM__TYPES Search

Search Results
# Obiject Policy /7 Tablespace Policy [B] view Palicy

|
Partition Type }Size (MB) iTabIespace Policies

Schema MName

Mo search conducted.

ORACLE
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12.1.0.1:
38T —F 81 1E(ADO/Automatic Data Optimization)

Powerful Policy Specification

- EEE ORIV —FHEAE
— alter table sales ilm policy row store compress advanced segment after 3 days of no
modification;
— &L, T—2ITx9 B creation” X2”access” . "modification” WEITIN THLDEF
Bz tE &
7o avE, EiEEXOEEORBEEDEEA A[EE
c RS —(E, RS EPREGTEIZHMANS
- FHLLWRDERIEL. REBOEENSIEHEINS, BFORALERIND
— ﬁ%b\/f—%w‘/a‘/ (A Z—=NILIN—T1230ELB0) [ ERDEENGISHEN

ORACLE’

\[l
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BT —ARBIED A AT 3t i @
ADO IM 7RV & —
R —054T71) 7 (5H)

— [set| modify | no] inmemory after <time spec> of [ no access | creation | no modification ]

— [set| modify |[no] inmemory on <function_name>

R)O—BRANKRNT HE.3BDT U3V DI361 DA BEAINS
RO —IE, RkElE, LK. ROEZEZ5IETHS

N —E AT F ORI VR IRIZCEFTEITIND
FETODR')S—3FEIT —dbms_ilm.execute_ilm 7O —¥

I—)Gnrnernn::urj..r_a’rtn'buutes)—I NO [ ACCESS
SET f» INMEMORY | (
1 (_,| SEGMENT . AFTER -)Glm_time_perind:)-)l OF = NO |5 MODIFICATION
MODIFY ->| INMEMORY a{inmemnry_memcumpress} - ~ ‘ L

NO —)l INMEMORY J

ORACLE’

ad |

CREATION

ON -)Cfu nctiun_namej

Copyright © 2016, Oracle and/or its affiliates. All rights reserved. | 42



R —E—FDH - fERL

AVAE) DT L AT

SET—AEBEIE DA AE) WIS @

alter table sales ilm add policy no

Provuers R e inmemory after 90 days of creation
B jEEEEETE I EAERENS
_é g é é é ESALES_—pZ— CUSTOMERS / \_7__4:/3 >1§IJ

= » “Cold” /R—T1>avIE., 15
SUPPLIERS — é EEEEEEEE J;‘Zé*l,fb\%@%%i@ E 5!;&‘:

(%]
= |
o
o |
I
|
CLITITITITTT®
(ITITITITTT®

eV, TESRHEH) 2h 3
Populte L R LUNE 2B E, 48—

EEISE = L= IN—T 4232 &DT,

HEH - %ﬁLL\/o\o—%'f:/EI\/?bW’FE‘Z
. REaL—kENB

ccccc ight © 2016, Oracle and /or its affiliates. All rights reserved . 43




R —TAU A EY—{LT 561

In-Memory Column Store

Automatic Data Optimization with Database In-Memory@

alter table sales ilm add policy set
inmemory after 10 days of creation;

== s BFEIERE L —2 3> DH

« RIFMERSINTHB10BE
[CAVAE)—IZREaL—
vavaEnd

VERBERICEFNEFT S

— a— — ZANERE(ZZLD
EEEE = AT—ZAMERIZZL

SALES_p4

X
o
O
(@
(@)
—

o)
@)

(LTI
(LTI
|
|

LT Rl

CLLLLITTTTTT I

LTI

TN 6 |
(@)
C
(0]
_|
o
<
m
X
(0p]

(%]
= |
o
o |
I
|
CLITITITITTT®
(ITITITITTT®

(IIITTTTT1T77T®
(ITTIIITITT1
(ITTIIITTTT1
(ITTTTTTTTT1
(ITTTTITTTT1D
(ITIIITITIT1D
(IIITTTTT1T7T1T®
(TTITTITIT1T1
7k
r
T
c
|
v

ORACLE’



RAC

”_U__t“x" *‘1_,;;:—,\

ORACLE’
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RACDERTE .. MR AEGENDERE
« H—E X$§F (& Active Data Guard &1L @
— DISTRIBUTE FOR SERVICE
~TFI)r—avn\—T4 a0 BREYB SIS
» parallel_instance group | IEHELE(Z
— DISTRIBUTE FOR SERVICEAMX & FEX

* Auto DOP DEETEMNAREI(C
— PARALLEL DEGREE_POLICY=AUTO
— Parallel Statement Queuing MAENZE>TLEEIERALLIC

* Flex Cluster H7k—Fk

ORACLE’
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RACEDE DAL AZRIZIRE 2 L— T B8 E Bl BE

ALTER TABLE <Table Name> INMEMORY .... DISTRIBUTE FOR SERVICE <service name> ;

g

—

Oracle RAC

H—EXEE

——

T1

ORACLE’

12

T3-P1

T3

T3-P2

[FOR SERVICE JA)ZIEELE LGS
(T4ILR) (&, FERIE/ NS A—4

[parallel_instance_groupl. &L LLIFE

/—RIZHET 5

Copyright © 2016, Oracle and/or its affiliates. All rights reserved. |
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RACH—E R{ER A EGE

*122TT7 I —2aV T I4=T4—(TITVr—2avi\—T423a=>
TIERIRESIC

* RAC services should be created with srvctl (register them with the cluster)

« 3DMDH—E X{ERK. FENHI:

srvctl add service -d IMRACDB -service IM1l -preferred IMRACDBl1, IMRACDB2
srvctl add service —-d IMRACDB -service IM2 -preferred IMRACDB3

srvctl add service —-d IMRACDB -service IM3 -preferred IMRACDB4

srvctl start service —-d IMRACDB -service “IM1l,IM2,IM3”

* Corresponding TNS entry example:
IM1 =
(DESCRIPTION=

(ADDRESS= (PROTOCOL=TCP) (HOST=MySCAN) (PORT=1521))
(CONNECT DATA=
(SERVICE NAME=IM1)))

ORACLE
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AUAE) AT LRNT DB A XL E

ALTER SYSTEM SET c IMAS LA IIEIRIIZZE E 0] gE

inmemory size = 300m scope=both; —?—QK_XmﬁffEEﬂfﬁ'_foMﬁ%
S0L= SELECT * L\XI‘?@&’r;{HZ\gEb‘f%é

2 FROM  wEinmemory_orea; - ”\/Ijj%-L\ZI\?EIJ\é((j:—G%t;L\

~-EBEIHHAANRED
INMEMORY_SIZE& Y 128MBLL EKZE
L&
— B A 7Ry biBuffer Cache&f 3 HY
ZYEHToNDIZEELHH
— EH[XVSINMEMORY AREAIZENEEIC 2 Bk

- lx KIESGA TARGETMD70%

POOL aLLOC_BYTES USED_BYTES POPULATE_STATUS COWN_ID

1MB POOL 124780544 102760443 DONE A
64kE POOL 16777216 851965 DONE A

SOL =
ISQL} ALTER S¥3TEM SET inmemorw_size = J66M;

Svztem altered.

SOL=
S0L= SELECT *
2 FROM  wiinmemory_oread;

FOOL a#LLOC_BYTES USED_BYTES POPULATE_STATUS COM_ID

1ME POOL 216806666 1827660445 DOME
odkE POOL F2374754 gh19a5 DOME

ORACLE’

=
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12.1: In-MemoryRA T T4 XA F—§Et  sas

AR
e/ \—P/ Q—ZOD’)'I’fE“/ﬁ —C‘\Hy'?%l:é;h/é Row Count
s BT AVMRILDEE — XK, L
(D) IN—F 43> - in/Max
—#IMCUs Dats L #Distinct
_ /S - I
# IM Blocks Distribution \_'_I values
— IM Quotient
s RURDAVAEY WS LARZIZARE 2L —FENT-EI& Correlation
c0MB 1DREDIE
—# IM Rows
—# IM Transaction Journal Rows
« A A E§RETIERACZE R T S (DUPLICATEEDISTRIBUTE)
Copyright © 2016, Oracle and/or its affiliates. All rights reserved. | 51




10053 Optimizer N—R:
SALESERMER D HIIZA U AE)ESN TS

***************************************

***********************

T?:tlje%t;;sl_:és Alias: SALES (Using composite stats) SELECT Count ( * )

#Rows: 960 SSZ:0 LGR: 0 #Blks: 12 AvgRowlen: 30.00 NEB:0 ChainCnt: 0.00 SPC:0 RFL:0 RNF:0 CBK:0 CHR:0 KQDFLG: 1

I:(Ijl;/IXCSLiz:tZ“IMCROWCnt: 560 IMCJournalRowCnt: 14 #IMCBlocks: 7 IMCQuotient: 0.583333 FROM s ale S
s covposmestars WHERE quantity sold > 30
. . . . . -n . . . . . . -
LVLSéngtliB. 12 #DK:5 LB/K:2.00 DB/K:12.0 00 SSZ: 0.00 LGR: 0.00 CBK: 0.00 GQL: 0.00 CHR: 0.00 KODFLG: 1 OR ( quan tl ty S o 1 d < 1 0
KKEISFLG: 1 —

ALL PARTITIONS USABLE AND prOd_ld = 5000 ) ’

Index: SALES_CUST_BIX Col#: 2
USING COMPOSITE STATS
LVLS: 0 #LB: 12~
KQDFLG:

KKEISFLG: 1

ALL PARTI
Index: SALI

USING CO

wsong  Table: SALES Alias: SALES (Using composite stats)

KQDF

AL paRT #Rows: 960| SSzZ: 0 LGR: O #Blks: 12 AvgRowLen: 30.00

uswacdt NEB: O ChainCnt: 0.00 SPC: O RFL: O RNF: O CBK: O CHR: O

LVLS: 0 #L

KKEIEI(’—:II_[C)-: KQDFLG 1

ALL PARTI

et #TMCUs: 7 |IMCRowCnt: 560| #IMCBlocks: 7 [MCQuotient: 0.583333

LVLS: 0 #L
KQDF
KKEISFLG: 1
ALL PARTITIX
IMC Implied prets.
Table SALES [SALES]: (AUl "SACES"""QUANTITY_SOLD"S300R™"SALES"""QUANTITY_SOLD"<10

ORACLE’
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Oracle Database In-MemoryFHD #EET @

« R (HD)IN\—FT 423217519 B[ALL| DBA|USER]_TAB_STATISTICS
Ea— RIZERLLVA:
— IM_IMCU_COUNT: In-Memory compression units (IMCUs)%X
— IM_BLOCK_COUNT: In-Memory 7 B'v9 %k
— IM_STAT_UPDATE_TIME: 1 > AE) et HA B St 1= FfE

* Oracle Database In-MemoryM Y7 R—kL TUL\S#REHIEERD AIfR1E
—BBEEDHE
—TARIIZREFESN, 27 )L or RACICEARGRETBHmRZE— v ELTRE
—~AVAE)DRE2L—2 3y, FFAVAEVIEDEHRZETICEFH TEE (IMCO)
— A AEDFEH L THDBMS_STATSEE #% FI| FA vl RE

» Active Data Guard AZ/\A TIXEHINLLY

ORACLE’
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Expression Statistics Store @

Expressions ﬁ%‘l‘;{ ~7 gigﬁCT prog_litst_price - prod min price
O — > - roducts;
T T4RAYETEHE P

s HTYDIN—FNN—RXATEERZEHTE
—SELECT') R . WHERE]. GROUP BY &
—A=—BBERID(AH/ZAILRIR AT HIRNES)
CGEERFEHMEAESTOA TR
—ETHEEEL—)RATAYT:1T7V—AD{TOHAY)
— X R
—BA LRZTEE
~GREIRAT7(7OEREEE)
s TARIIZRTF (KYEELTIEAD=HIZ SGAIZE vy adhnbd)

ORACLE’
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Expression Tracking {5l @

SELECT prod list price - prod min price
FROM products;

SELECT expression text, evaluation count,
fixed cost

FROM user expression statistics

WHERE table name = 'PRODUCTS';

EXPRESSION_TEXT EVALUATION_COUNT FIXED_COST

"PROD_LIST PRICE"-"PROD MIN_PRICE” 766 .000041667

ORACLE’
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In-Memory Expression(IME)
REHS L

B H5)

RTEEDSDF v T Fr—

ORACLE’
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ItDG-JI:/ZI 'e[mg?éYg—EéXbe Less I ons select |PRICE * TAX]| from SALES where region = ‘CA,l @
512 -

s A AEDHDAF -
— T 4 AV TIFXERE (materialize) SHL7x L o
~ 1 —HEHRES = E
-BEF YT Fr— i
- FEICFElEh B EE R
- SEHBAS. SCRFIBIE. PL/SQUIF YAy m
 #RR LI Z B 5T -
- —ERHEETHIETCPUDFIREETH
* IMETH>THA AT B L BERE ;
HR—k -
(min/maxZ )L—=27% . SIMD %) -—

ORACLE’
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In-Memory Expressions
Types

CREATE TABLE t ( - {285
a NUMBER, ~RANDHSLEZEAIEERERXRIA
b NUMBER, - FARY EIZETF— AL
v AS (a+ b)) _ZDMDNT LR (F
24 25 A FHH)
SELECT a * b * BEJIn-Memory Expression

—"Hot" IEE & BB A

FROM t
—RANDE—TD1DLLDITESE
WHERE a / b = 1; SN, EHEECIELT

- RADITEIH1ITIYELTEND

ORACLE’
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In-Memory Expressions :

Expression #ft &+ A 77 (ESS)

EXPRESSION
e

EHEst) N
TX Ak

A+5

UPPER(x)

C*D

* Expressions Statistics Store
(ESS) [(XEICT—VB—FkZE
—R—

— “Hot”ZZ 5T E X WREAEMEY
HLZ/\—RAFFIZSEE A>T
AL TREMICE iR

ORACLE’

JE) v T Fr—

L 152201H MDexpression IME [
GTEX)ZF VYT Fv— AAEY—AS L ARTIZ
BEIFIIZIERSND
IM Column store
— [ I O O I N e e
— 12.2MOFF DprocedureD

IME CAPTURE EXPRESSIONS — IME_POPULATE_EXPRESSIONS()

VEETTEEARIVAED L
SL20B DETERX RSN T T
Fry—INd

- DBMS_INMEMORY_ADMIN/\w

T—om17Av—r—

Copyright © 2016, Oracle and/or its affiliates. All rights reserv

EXRTIOERLURENS LAME
RSNt ERGR. ARETHER

DIENA AT —ERIZRES
L—avaEnd

- DBMS_INMEMORY_ADMIN/\+

F—=om17aY—Tv—

ed. | 60



In-Memory Expressions
IMEZIMAS LR DEZIZHRATHM?

* In-Memory Expression Unit (IMEU)

—IMEE R BB ZFIRENT DA AE) -2 =k
« IMCUD 53z L f-fE18
« IMCUDITEIX 1 TIVYE T b

— W IGEEENDHLSMIMCULRIL LI EE

—IMCU & 71=YIZ1DDIMEU
c FHIMCUDSA T RIN LIEE]
—IMCU 1 MB pool D AE!) 5815

ORACLE’




Expression Statistics Store (ESS)
+

User-defined VCs /

IME: IRE 2L —3 3> MBI I)—FE{TET @

Foreground

IMCO - population framework

* IMCUESMUDBEEE
s ~ « JITIZHLTIMCUZEERIE
Background . IMEU*%%&

v RE2L—b9 5 REIDHEE
v REIEDIER

vV WS L7+—<yMEEEHE

vV AR—RETERR

v IMEUZIMCUIZU 2D

HIT) I L TIMEUZE®IE

ORACLE’
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{% #8575 LsIn-Memory ExpressionZ A 311k %
HAE/ RS A—4

* INMEMORY_VIRTUAL COLUMN
—A—YYEZEDOHSLUREF) DA AER)RE 2L — 3% HIH
— BEIMEIZIZEZEE XS5 Z 40
— A A 8EE:
« ENABLE — [NO INMEMORYJ$ETE TR LVEY . A1 AT LN TULNS R/ —T 1
av bICEESIN A EEDERBIFREAL—FT S
« MANUAL — (T 74 JLF) A—FEZF R B SIS BATRBIIZTINMEMORY ] EX—IENTLVS
BEEIFTREaAL—FT 5
* DISABLE - 1—H E &R B HZEHRE 2 L—FL%ALY

alter table foo inmemory memcompress for capacity high (V€1) no inmemory (vc2);

ORACLE’
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3 )+ F—In-Memory Expressions 31t %
HAE/ RS A—4

* INMEMORY_EXPRESSIONS USAGE
— B In-Memory ExpressionD7RE 2L —hZ il {E
- 1—YERKBIICETFZEE S AL
— A EEE(E
« ENABLE — JSON& EH EJIn-Memory ExpressionD i AZFRE 2 L—F9 5
* DISABLE — H&jIn-Memory ExpressionZz7/RE 1L —kLZELY
e STATIC_ONLY — Oracle JSON N\AFYRBOHARE AL —rT 5

* DYNAMIC_ONLY — S8ZIZFI I . AXHAEF L VIn-Memory ExpressionZ ESSH S FIBTL .
RE2AL—FT 5

ORACLE’
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Real-Time Analytics: In-Memory Expressions

* 121 /\TH—T A © 122 /\TA—T R
— (Parallel 8) — (Parallel 8)

SQL> select /*+ parallel(8) x/

SQL> select /*+ parallel(8) %/ lo_shipmode,
lo_shipmode, sum(lo_quantity) as sum_gty,
sum(lo_quantity) as sum_gty, sum( lo_extemdec [price) as sum_base_price,
sum(lo_extendedprice) as sum_base_price, spm(lo_extendedprice x (1 - lo_discount)) as sum_disc_prjce,
sum(lo_extendedprice * (1 - lo_discount)) as sum_disc_price, 5 o_extendedprice * (1 - lo_discount) * (1 + lo_t as sum_charge,
sum(lo_extendedprice * (1 - lo_discount) * (1 + lo_tax)) as sum_charge, avg(lo_q ++y)-as avg _gly,
avg(lo_quantity) as avg_gty, avg(lo_extendedprice) as avg_price
avg(lo_extendedprice) as avg_price, avallo_discount) as aug.disc

count(x) as count_order

count(x) as count_order from _
from lineorder
lineorder group by .
group by lo_shipmode
lo_shipmode order by o ,
order by lo_shipmode;
lo_shipmode; s 3 4 s 6 7 8 o 10

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

7 rows selected.

7 rows selected.

Elapsed: 00:07:35.09 Elapsed: 00:02:05.31

., B BRI SHURE S DETE
v AERIE K& REHSLELTEN

ORACI-E Copyright © 2016, Oracle and/or its affiliates. All rights reserved. | 65
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3 &fjIn-Memory Expression¥ v 7 Fvy—H LV FERLGE

* DBAIZKBAFX v T Fr—ETT

SQL> CONNECT / AS SYSDBA

Connected.
SQL> EXEC DBMS_INMEMORY_ADMIN.IME_CAPTURE_EXPRESSIONS('CURRENT')

PL/SQL procedure successfully completed.
SQL> EXEC dbms_inmemory_admin.ime_populate_expressions()

B T 2485

SQL> SELECT column_name, sql_expression FROM vSim_imecol_cu;
COLUMN_NAME SQL EXPRESSION

VC1 IIC1||+I|C2||
VC2 "C1"*2

c WS LB EF(ZIZIMEMRE X BHRELELY
c A—H—FZEPL/SQLTZ 73 EDETERMINISTICEE SN TLyv X
IME4E =] &

ORACLE’
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7 -1 7 ) l/ 1:% J'Jj?, ORACLE Help Center Welcome Katsurr

. %ﬁ *E, O)J SO N zﬂﬁ 0) 7:17 ) l/ Home / Database / Oracle Database 12c Release 2 / Development
Database JSON Developer's

* In-Memory(DE Guide

26 In-Memory JSON Data

A column of JSON data can be stored in the In-Memaory Column Store (IM column
store) to improve query performance.

¢ Overview of In-Memory J5ON Data
¢ Populating JSON Data Into the In-Memory Column Store
« Upgrading Tables With J5ON Data For Use With the In-Memory Column Store

# See Also:

Oracle Database In-Memory Guide

ORACLE’
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)T IWEA LIERIVFET LG In-Memory JSON %

Pure In-Memory h5 L %Y * JSON FF a1 A MEKREHEILS
EEN BN NN NN NN BN BN BN BN B B . NI=INfFV)—TF—T YR TR

EalL—ka]EE

* JSON%I|_E Mexpression(FTIH. 5T E
X)) DERINIEFREZHSLANT

S In-M A R
S CE R v IsoN IZRE2L—L a3 mde
' ‘ . 7’ i « {5]) JISON_VALUE(...,...)

Relational Virtual JSON

* JISONT—E3~DYIT)—TILBE
"Theater":"AMC 15", E,{' ( - I n- M emo ry7 7-|_ T 7 ‘\J I\ 75‘ 1§ *)
e, | AL

"Tickets":{

"Adults":2 ° 15“) ||m0vie'nameuJ§,|‘ﬂE7b§uJurassicn

XFHzwECREZ IR
- 60fF DERIELAIRE(IHERICLD)

ORACLE
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Real-Time Multi-Model Analytics: In-Memory JSON

* 121 /\TJ#A—<T2 R

— (Parallel 4)

SQL> SELECT count(*) FROM retail o,
l$l
Trans_Date NUMBER PATH
Store_no NUMBER PATH
NESTED PATH '$.LineItems[x]’

lineitem_amount

)
) lineitems;
2 3 4 5 6 7 8 9

COUNT ()

351617024

Elapsed: 00:16:16.93

ORACLE’

'$.CountryCode’,

'$.StoreTransaction.StoreNo',

— (Parallel 4)

© 122 \TDA#A—T 2R

88L> SELECT count!*‘ FROM retail o,
N_TABLE(o.c FORMAT json, '$'

COLUMNS (Country Code VARCHAR2(S5) PATH
Trans_Date  NUMBER PATH
Store_no NUMBER PATH

NESTED PATH '$.LineItems[*]'

'$.CountryCode',
'$.StoreTransaction.EndDateTime.Ddate',
'$.StoreTransaction.StoreNo',

VARCHAR2(20) PATH '$.Identity.Code’,
VARCHAR2(10) PATH '$.Amount',
VARCHAR(6) PATH '$.Units.Quantity'

VARCHAR2(20) PATH '$.Identity.Code’, COLUMNS (lineitem_code
VARCHAR2(1@) PATH '$.Amount', lineitem_amount
VARCHAR(6) PATH '$.Units.Quantity' lineitem_quantity
)
)
10 11 12 ) lineitems; 2 3 - 5
COUNT (*)
351617024

Elapsed: 00:00:41.14

Sl
<

(|
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"PONumber": 1600,

L\ "Reference": "ABULL-20140421",
S g 2= "Requestor": "Alexis Bull",
X\ 'L’\ — , 1 "User": "ABULL",
e n "CostCenter": "A50",

"Shippinglnstructions": {
"name": "Alexis Bull",

* VARCHAR2H 1 X32KBIL AL EE

city": "South San Francisco",

"state": "CA",
. . _ "zipCode": 99236,
— m aX_St rl ng_s | Ze = exte n d ed : "country": "United States of America"
. "’Phone": [
EE * I ’ /r g {
o "type": "Office",
x Z 3 2 K B " nyl?riber": "Ig§9-555-7307"

ho

"type": "Mobile",

c BDY T IJLISONFF AU |

]

RiT. 2T GEFRCE716/

"AllowPartialShipment": false,
"ltemNumber”: 1,

IEDTHEMNASES =K e
-— — ~ et "Description": "One Magic Christmas”,
* "ISJSON" FlIF M EZHHS LIZIHNE SR -

I
"Quantity": 9.0
Fa
"ltemNumber": 2,
"Part": {
"Description": "Lethal Weapon",
"UnitPrice": 19.95,
"UPCCode": 85391628927
B
"Quantity": 5.0
}

ORACLE’ 71
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Binary XML &M 8 R &E LY

— 4

v

- HBR
- EXROSELZRYHLUA R EE

o "j'/f;( IJ\ Database Clients
PEL [
F— N

— Binary XMLIZZ D F2 X TDBIZk KL TES

— 54T TCBinary XMLIE TESS47 3N HY
FDO Rz TOracle DBEEEDOY Y A] gE

sqQL, PL/sQL XQuery,
XQuery JAVA, ‘'C’
SQL> create table PURCHASEORDER of XMLTYPE

XMLTYPE store as SECUREFILE BINARY XML;

ORACLE’
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oMY BEV T—2DHE

Bl: 7ORLYREEHTORTY LITEFRIVLEHLES

Stores . Sales . @?ﬂ@i@%_gd):)ﬂ ’;:/’E
=] SR DRF AT
= * WHERER]ZAILA—HH 05
: a. 7{b—A?4lV5‘:l:J:U
7Type=’0ut|et’ Immli< RDOIAALUD 1055 1R

Sum

ORACLE’
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875 % : INMEMORY D34 > TDBloom Filter{s

________ R R | el N PO | V2 S s\ DV I
| Id IElper*atmn | Name | e IRIGH R T ITEHT

oV e T B-CEARITS

I 0 |

I 11 SORT AGCGREGATE | I
|
I

HASH ININ
JOIN FILTEE CREATE

. 10g HSTFET BEMDHS
T/ —

P bkl . o SEULVEfTAExadata~DA T H
— k- 234U THEHLN TN

ORACLE
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Bloom FilterHhM#E 4> 4L7E LY Hash Join

SELECT v.year, fl: &2 DEFHORFTMEEENEHE
SALES
v .name, VEICLES \
1 NAME A3
s.sales price g vaqy
| 1] Al
FROM Vehicles v, Sales s

Where v.name = s.name;

12.1TIXIEMBIEDHIRE
INYY AEETE N EITH

BDORKE DT EHOHBT=68
HEYER{IEINZL
Copyright © 2016, Oracle and/or its affiliates. All rights reserved. | 7 6




Hash Join

Hash Table:

QEHmLEi'%O)@%Eé/’rL =aqy
NS LDIEZEIZAT!)—P|Z

hash tableDMERLE NS

RERE:

EHICLES®R AR Fvoah., —
9 H1THdecompressei., &

U, hash joinNESn 5
VEHICLES

[
i -

ORACLE

$ 17

] =

FERE SALES EARF YL
CBE T —DuhEE
TI/ILE—ENS

Copyright © 2016, Oracle and/or its affiliates. All rights re

Hash Join: stord_idD™o®M /vy a
T—7 JLEprobe LERRIZTYFLTLY

ROFAZEIcKYDar s

1% Hash Join~NEH:
IVFTBITDOHMN

decompress&fL, LU, hash
&M hash joinNES 5

SALES
A/ E

—_—

served. | 77



AT )L—7: KYESEL Hash 31> @
cTADRNSDIIA L F|EZ

BD T3t ) —"TEHE Bl:%& <z DEHOBRFEMEEZBLEDHE
C SAMUIEEBRDIIDET—4 VEHICLES o SALES

TIFHC T4 aF)—E"T g NAME 5

THhnsd 155 e

— [E#EZT PRI HANIEZAIRTES
— T —ARDHashIE+ AR

"RB(ATLA)"T TR

RNEIZE 255
ﬂ j]?.LJIZ’.Dl),LJ:U)JOIN CREATE INMEMORY JOIN GROUP
o al— .
. - V_name_Jg
GROUPIZE 9 A &L TEZE0 (VEHICLES (NAME) , SALES (NAME) ) ;

— ORA-00957: duplicate column name

ORACLE’
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oA II—T: KBDT 13

@ T00 37— / VEHICLES 3 \ / SALES 3

NAME ID

D £

z
c
Uil
“194~
] 2
(117D @

iy
HEEEY
L8
CECSN)
Uil
ity
HEEEN

AUDI
BMW
CADILLAC
PORSCHE
TESLA
VW

0
c
(@]
c

(LT
CLIT 1B
HEEEE
HeN 4
(=N A4

(LD

(1D
(11D
EOEE)

LT g |LLLLE g||LLD g (U1

HEEEE
LT

(D
(D
1D
(Gl
Gl
B 9|Ts 8
B 9|Ts 8
EEEN)
EEEN)

HEEEN
HEEEN

D
GEESN

o A W N = O

0
c

LB g LD g[|LLLLE g (1D
c c
LIS g LR |0 = (OLL

(o]
c

LLLLE gl (LD LD gl (LD
LLLLE g |ULLE g|{CCLLD = (OB

CU CU
E% || EE || Efg ABE :% [EE =53 |
| o o HEIHHHH| [HEHEEE ] [HEEEEE
6 o | O (3 o O 5 O 5

AN\

AF)—hEHLNnS

)
\'1

1

éﬁﬂ
N

IN—TA4AMESN TSR THLRENRTS

ORACLE’
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ERMLRE2AL—2av DR BEU EER

RLIEDT—A
CREATE INMEMORY JOIN GROUP V name jg e TIL—LTL)LEZ—EHATEAHLY
(VEHICLES (NAME) , SALES (NAME) ) ; ¢ TN—LIALE—TRASNBTHD
SELECT joingroup_name, table_name, A
column_name

FROM user_joingroups; e T4 aF)—HBIEDEE
SELECT o.object name, c.column name , - X O:EOU =M %’DM\

cd.head address “Common Dict" - IREaL—2aviRIER
FROM user objects o, .

user_tab_columns c, « Active Data GuardZ’)"‘// \’f’C*‘U)EJM’E

vSim segdict cd (iﬂE'U'/_I_S_
WHERE cd.objn = o.object id . 12.2_0—G(iﬁ;|—(’[:°1|/_:/3‘~/75§%\g
AND o.object name = c.table name
AND cd.column number = c.column id;

Copyright © 2016, Oracle and/or its affiliates. All rights reserved. | 80




oA JII—T

| Details

Plan Statistics | 52 Plan | |~ Adtivity | [7] Metrics

Plan Hash Value 2520514737

BE BLU.E=FIVT

SQLE=A—T D

ORACLE’

mmy

At

U

BAE

Line ID | Operation Mame Estimated Rows Cost Other Timeline{5s) Activity %
0 B SELECT STATEMENT
1 B SORT AGGREGATE 1
2 5 HASH JOIN 199M  2,033K i
3 TABLE ACCESS FULL V_PA_EXCHR_RT_1G 380 7 -
4 B PARTITION RANGE ALL 200M  2,033K R
5 TABLE ACCESS INMEMORY FULL  V_PA_TRANSACTIONS 200M  2,033K —_—

Other Plan Line Statistics

Build Size 983K
Build Row Count 380
Fan-out B8
Slot Size 123K
Total Build Partitions 8
Total Cached Partitions B
Columnar Encodings Leveraged 1

Copyright © 2016, Oracle and/or its affiliates. All rights reserved. |
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DM TIIV—T BB BLU.EZF)VT
TRERAEDERESQL TG AT AL T

Build Size SH3K
Build Row Count 380

1 Famout B8

B EG | N Clot Size 123K
SELECT PREV_SQL_ID e
I NTO . B_SQLI D Columnar Encodings Leveraged 1

FROM VSSESSION
WHERE SID=USERENV('SID");

END;

SELECT DBMS_SQLTUNE.REPORT_SQL_MONITOR_XML(sql_id=>:B_SQLID).
EXTRACT(q'#//operation[@name="HASH JOIN']/rwsstats/stat[@id="'9']#').
GETCLOBVAL(2,2) join_group_usage FROM DUAL;

JOIN_GROUP_USAGE

<stat id="9">1</stat>

SALEZA— DD RRIFHM OB L K IICERIF AT 8E

ORACLE
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=

=S

Real-Time Analytics: &Y

c 121 /\TV#4—<T2 R
— (Serial)

SQL> Select /x*+ NO_ VECTOR TRANSFORM */

LA Al . o 2l R T Ll L L] LA L LT L]

From LINEORDER 1, DATE_DIM d

where 1.lo_orderdate = d.d_datekey
And 1l.lo_discount between 2 and 3
And 1. lo_quantity < 24

And d.d_date='June 3, 1998';

2 3 4 5 6 7
REVENUE

884260172118

[Elapsed: aa:aa:11.4a]

ORACLE’

Copyright © 2016, Oracle and/or its affiliates. All rights reserved. |

BR7E In-Memory 234 %

* 122 I\TDA—T2 R
— (Serial)

SQL> Select /*+ NO_VECTOR TRANSFORM */
sum(lo_extendedprice * lo discount) revenue

From L, DATE_DIM d
Where (1.1o0_orderdate = d.d_datekey
And 1. To—H

And 1l.lo _quantity <

And d.d _date='June 3,

REVENUE

884260172118

Elapsed: 00:00:06.14

Create join Group on
orderdate, date_dim.d_datekey

Lineorder.lo

83



Cursor Duration Temp Table(CDT/CDTT)

HI)—FE#

ORACLE’

RF(D—

B RN TAE)— L T5ekE

384



Cursor Duration Temp Table

s H—YILEFEETHEBMOAD—HBROTEAATE!)—IE

o E47EHE £ (ZTEMP TABLE TRANSFORMATION
— AR —AZTHO—FETLUHIN LR

* DBIMMVECTOR GROUP BYETEHBINZ & IZWEIZLS

- JEDBIMTH

ZIZAA—ZBRTHERAINS

« WITH A& &,

LY D00T)—- 070207 THiEHNS

« VT ILEITDIFEEIIPGANIZEL NS

s NSUIIETDGEEIETFH LR FIMGAEFE XN 5 AE!) —FE:
- Ot AMTHEEINSFEE
— PGA AGGREGATE TARGETIZINE Eh 3

ORACLE’
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CLITTITTITTT 18

CLLITITTITTITT
CLITTTTTTTITT®

| Id | Operation | Name |

| 0 | SELECT STATEMENT | | Sal

| 1 | TEMP TABLE TRANSFORMATION | | Outle ales

| 2| LOAD AS SELECT (CURSOR DURATION MEM)| SYS_TEMP OFD9DADAD 9873DD |

3 VECTOR GROUP BY | |

|4 KEY VECTOR CREATE BUFFERED | :KV0000 |

| 5 | PARTITION RANGE ALL | | REGION_NAME DENSE_GROUPING_KEY
|6 | TABLE ACCESS INMEMORY FULL | TIME DIM | Europe 39

| 7 | LOAD AS SELECT (CURSOR DURATION MEM)| SYS_ TEMP OFD9DADAE 9873DD | North America 17

|8 | VECTOR GROUP BY | | _

|9 | KEY VECTOR CREATE BUFFERED | :KV0001 | Asia 91

| 10 | TABLE ACCESS INMEMORY FULL | CUSTOMER DIM | Africa 84

|11 | HASH GROUP BY | | South America 26

|12 | HASH JOIN | |

|13 | HASH JOIN | |

| 14 | TABLE ACCESS FULL | SYS_TEMP_OFD9DADAE 9873DD | YEAR_NAME | QUARTER_NAME | DENSE_GROUPING_KEY
| 15 | VIEW | VW VT AF278325 | CY2012 Q1-CY2012 62
|16 | VECTOR GROUP BY | | CY2012 Q2-CY2012 78
|17 | HASH GROUP BY | |

| 18 | KEY VECTOR USE | :KV0001 | cv2012 Q3-CY2012 35

| 19 | KEY VECTOR USE | :KvV0000 | Cv2012 Q4-CY2012 47

| 20 | PARTITION RANGE SUBQUERY | |

|21 | TABLE ACCESS INMEMORY FULL| SALES FACT | _ < s

| 22 | TABLE ACCESS FULL | Sys TEMPp 0FDODADAD 9873pp | IN-Memory R MMERS AT INEY

-------------------------------------------------------------------------- BRAO—RFIZFRINT Do DA\
VDESHEIND,

ORACLE
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| Id | Operation | Name |

| 0 | SELECT STATEMENT | | ‘
| 1 | TEMP TABLE TRANSFORMATION | |

| 2 | LOAD AS SELECT (CURSOR DURATION MEM) | SYS TEMP OFD9DADAD 9873DD | l HASH JOIN
| 3 | VECTOR GROUP BY | |

| 4 | KEY VECTOR CREATE BUFFERED | :KV0000 |

| 5 PARTITION RANGE ALL | |

| 6 | TABLE ACCESS INMEMORY FULL | TIME DIM | I

| 7 LOAD AS SELECT (CURSOR DURATION MEM) | SYS TEMP OFD9DADAE 9873DD | _

| 8 | VECTOR GROUP BY | |

| 9 | KEY VECTOR CREATE BUFFERED | :KV0001 | llﬁ/\SfiJ()|h| ‘

| 10 | TABLE ACCESS INMEMORY FULL | CUSTOMER DIM |

| 11 | HASH GROUP BY | |

| 12 | HASH JOIN | |

|13 HASH JOIN | | | |

| 14 | TABLE ACCESS FULL | SYS TEMP OFD9DADAE 9873DD |

| 15 | VIEW | VW VT AF278325 | & ' : .
| 16 | VECTOR GROUP BY | |

| 17 | HASH GROUP BY | |

| 18 | KEY VECTOR USE | :KV0001 |

| 19 | KEY VECTOR USE | :KV0000 |

| 20 | PARTITION RANGE SUBQUERY | |

| 21 | TABLE ACCESS INMEMORY FULL| SALES FACT |

| 22 | TABLE ACCESS FULL |

SYS_TEMP_O0FD9DADAD_9873DD | RNA O—NF|ZFSHBTH-O—FRAIIS -
“““““““““““““““““““““““““““““““““““““““““““““““ N

ORACLE’
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ZoneMaph©MsE AR REIC

PR E L — Y — LINEITEME
ATSTHRELTRS )

N 12102’C“liExadataU)59~—C“ Jnw4 orderkey shipdate receiptdate  destination  quantity
1

1§ |:|J L 1 1-1-2011 1-10-2011 San_Fran 100
I T AE
1 2 1-2-2011 1-10-2011 San_Fran 200
* 12c R2DMB A AE—FKIZ 2 3 1-3-2011  1-5-2011 San_Fran 100
R L, [ — 2 4 1-5-2011 1-10-2011 San_Diego 100
ZONEMAPYE R AV AT BEIZ
3 5 1-10-2011 1-15-2011 San_Fran 100
CREATE MATERIALIZED ZONEMAP 3 6 1-12-2011 1-16-2011 San_Fran 200
] ] LINEITEM 4 7 1-13-2011 1-20-2011 San_Fran 100
1(1neltem_zmap ON 4 8 1-15-2011  1-30-2011  San_Jose 100
orderkey , Block min max max
shipdate Range orderkey = max orderkey min shipdate shipdate min receiptdate receiptdate
14
receiptdate 1-2 1 4 1-1-2011 1-5-2011 1-9-2011 1-10-2011
) . 3-4 5 8 1-10-2011 1-15-2011 1-15-2011 1-30-2011
l4

ORACLE’
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ZoneMaph©MsE AR REIC

EESNENT LT —ED -
Eai IJ \ ﬂE = Eai K 1IE 0) 1% 1:% Raoncge c:nrlt;]erkey (Zacl);rkey min shipdate g\?;date min receiptdate giziptdate

1-2 1 4 1-1-2011 1-5-2011  1-9-2011 1-10-2011

Zone mapsol'ct ﬁ%5’*7_\:—90)|35%91~ 34 5 8 1-10-2011 1-15-2011 1-15-2011  1-30-2011
(pruning, Z JL—=27)
REIE/MERT—IDRERE

9

|n'MemOry-E::E)MIN/MAX | Id | Operation | Name |

~ S Y S e A — — ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) 5 6 ) 5 ) 5 ) e 5 O S O e O O O O O S S O O S S S S S S S e e S e el
AVTIIARED | 0 | SELECT STATEMENT | |

A XL = | 1 | SORT AGGREGATE | |

%Hﬂ = bﬁféb(hﬁg1t |* 2 | TABLE ACCESS INMEMORY FULL WITH ZONEMAP| SALES4 |
Attribute
Clustering Predicate Information (identified by operation id):
0){31:1 ] :l:J 2 - inmemory ("QUANTITY SOLD">11)
;';j-.l % E/] filter (SYS_ZMAP_FILTER( '/ * ZM PRUNING */ SELECT zm. "ZONE_ID$" ,
A " CASE WHEN BITAND(zm."ZONE_STATE$",1)=1 THEN 1 ELSE CASE WHEN

ORACLE
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ZFMD12.2 TOINITA—T U RANE

e RIR—EEMNEKYZLDIZET
—12.1.0.2 CIL LB BIRSFRIICEIT A EZTZEIRL . HASH GROUP BYIZHAHIGEE N

Mhot-

== 4=

E1TH

-’KJ

_.I-HI:. -

40

—12.1.0.2 TI& /*+ VECTOR_TRANSFORM */E DT THIMAEITAEITIEBTELY
EEMNHoT=-

c A AE)

« AR ED M L
—RKFa AR

* SPARC M7

ORACLE’

=]

A

ZEEESNGELVNESOEER

g exaE1k

— BN D YT HA[EEIC
— B AF2Y-H>T1)> 4 (Dynamic Statistics, ¥ 4 IV EH) D EZE1E

racle and/or its affiliates. All rights reserve

d.
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ZTDMOHESR, AVR—RUbE OERGE

¢ 12.2M5DB In-Memory¥ =27 JL AL
—1=1ZLISONA A . Data Warehouse/J 1 KIZHIn-MemoryDEiBA&H U

» Oracle Text T its }']M
—REBLHEETFAMUTYIRIZEYRTHIERSNET—TIL 3@3‘%;“:?

* Spatial & Graph 73> DT A/INT4—-J STHEEX G A
—12.2 D FikEE

» Sharding Mduplicated table& Xt its
ORA-02584: INMEMORY options not supported for duplicated tables

* DBMS_INMEMORY.REPOPULATE()D /N\—T 43> R X5t I
—121THN—T1aVBHEENDVE

ORACLE’

dobrodo:lj
_42be 4
R
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Mixed WorkloadZtZ B /2

DMLED A TFI R

ORACLE’
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Enhancements for DML Processing In-Memory
New in bundle patches since 12.1.0.2 release

* Double buffering
* Incremental repopulation
c AT LLARILDEDL
- CRZO—>
~SCNEDEMITIRALDE YLy T# R
— AR RERET(VSSYSSTAT) CHI B $07: E # SR ml AE
« H—~w-alL%3,3(Garbage Collection)

* Support for complex predicate push down

— Dir valuation on compressed data
Copyright © 2016, Oracle and/or its affiliates. All rights reserved. | 95




Ao LLUANIL DAL T s
12.1.0.2 GA(2016 6 BB TIXE T 17 (row) DRETOHAULIE
TDEDEEERBRIZEYL OO DANIED FL E A §|J(column)l:
Ty A REH I KU AT LLANILO LB FEE L I=-HFEERT]

SQL> SELECT * FROM vS$sysstat WHERE name LIKE '$smucolmap%'

STATISTIC# NAME CLASS VALUE STAT ID CON ID

709 IM repopulate smucolmap used 128 0 1834967311 O

710 IM scan smucolmap hit 128 0 4103052601 O

711 IM scan smucolmap miss due TO inserts 128 0 3403739177 O

712 IM scan smucolmap miss due TO deletes 128 0 611634101 O

713 IM scan smucolmap miss due TO invalid blocks 128 0 2271019354 0

ORACLE
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FIVIWBEREAL—a v EA U AE) DI LALNT

@IvCo [F257 CEIZT I T« @ HLNA—D3 0 DIMCUEF IS F @) FHIMCUE R ISR A LT
J1EL. stalefkREEDIMCU ILDREBITEERINI-RH EDMLIFFEDY—F I
AR N=23>DITEEEHE TR IZEE 8%

IMCU IMCU

ROW_ID:123765490
ey e — — ey e —— f—

ROW_ID:123800000
ROW_ID:257643100
e B
X
—

KNS IILERE AL — a3 DM EZ ACPU)Y—RNDES (L FEJE/ NS A—4%
INMEMORY_TRICKLE_REPOPULATE_SERVERS_PERCENTCIETE

ORACLE
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BTV INYITF)I T EAAE) AT LARNT

@A FILDIMCUZEE LY @HLLN—D3DIMCUEA IO F @ FIMCUE R PIZFEAELT:
IN—32MSCNEL T IDREBFTEEEIN-FH EDMLIEEZEv—FIL
N—a0DITEHREHLETER [Z528%

IMCU

P S P

ROW_1D:123765490
ROW_1D:123800000
ROW_|D:257643100
ROW_1D:257643100 ey f—
ROW_1D:257643100

1)< JL SMU

m/A—S3r DIMCUIE, Y SFLAEERIRSNAL, E-ZEEAEET BET, IMASLRNTRICERSN S

ORACLE
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i a iREt
¥J?Jﬁ'f/7(9/7(ﬁ |:|+
BEET HE 1 —

ORACLE’
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12c R2 Tty a #iet: SIMD B EMN RN D LDIC

12.1.0.2 TlIESIMDAME AHEIN =D ZHER T ADITIEE IZH £

SPARC M7 EEBEDOHDE1E
LITT"HW" EHBED

M simd compare calls 6232
M simd compare HW offload calls 6227
M simd decode calls 966
M simd decode HW offload calls 891
M simd decode unpack calls 1

M simd rle burst calls 2084
M simd rle burst HW offload calls 2074

ORACLE
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FASTSTART B EE 21—

Connections B SINMEMORY FASTSTART AREA dbe3lp 2&
d -8 7B i 5% Single Record View il i
#- (3 Sequences
=8 Materialized Views K > D X
#[@ Materialized View Logs -
%@ Synonyms CONID 3 |
=& Public Synonyms (Filtered) TABLESPACE MNAME 15 FASTSTART 7
----- ‘@ DEMS INMEMORY
----- @ DBMS_INVEMORY_ADMIN SUAULS ENABLE 7
""" @ GVEINMEMORY_AREA ALLOCATED SIZE 1073741824
----- ‘@ GVEINMEMORY FASTSTART AREA
..... % GV$INMEMDRY_}{MEMJQREA USED_SIZE 2?52??41 44
_r; """ 8 VEINVEMORY AREA LAST CHECKPOINT _TIME 16-09-13 110810891
[ """ VEINMEMORY FASTSTART AREA | ) ) [oattmISNROEHIT e
R VHTNVEORY _AVEM ARER LAST POFULATE TIME - 16-09-13 18:14:17.98/
i-(@ Database Links
#1d Public Database Links NUM DEFERRED WHITES [0

+-1Z Directories
-5 Editions

nl =1 =1 =l =1

ORACLE

Help

Cancel

Copyright © 2016, Oracle and/or its affiliates. All rights reserved. |

101



FASTSTART BB A R A A#fiE
REMLEHD

IM faststart read CUs requested 1368

IM faststart read CUs 0
IM faststart read CUs not accessible 0
IM faststart read bytes 0
IM faststart read CUs incompatible 0
IM faststart read CUs invalid 0
IM faststart write bytes 2.6759E+10
IM faststart write CUs 1489
IM faststart write CUs requested 1575
IM faststart write CUs problems 0
IM faststart write accumulated time (ms) 14172391
IM faststart write CUs encryption mismatch 0
IM faststart write CUs evicted 0
IM faststart write CUs too dirty 9
IM faststart write deferred CUs requested 1890
IM faststart write deferred CUs 1489
IM faststart write deferred accumulated (ms) 18096354

ORACLE
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BT — 3B IED A2 AE) XTI @

R)—BEDE 21—

M AR —BHEDE 21—
— DBA|USER_ILMDATAMOVEMENTPOLICIES — ADOASTRY S —IZHEVLRBEIL =T —42 D
FERZ R
— DBA|USER_ILMEVALUATIONDETAILS — ADODRY) L —EHl -8 I A5 MEHRE R~
—DBA|USER_ILMOBIECTS—ADOD &R —¢,2A T UhE R
— DBA_ILMPARAMETERS — ADOIZR8E T B/ \TA—RE R
— DBA|USER_ILMPOLICIES — ADOR!) & — D il E KRR
— DBA|USER_ILMRESULTS - ADODT—42BENI 3T I T A 1EHERT
— DBA|USER_ILMTASKS — ADOZ RV ZBH T B flx R~

ORACLE’
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BT — 3B IED A2 AE) XTI @

LW 21—

* ADOTRY L —IZK D TERITSINDA VAT - ZRIDIEHT 51=8HIZ:
—vSim_adotasks - BHEJE—FNDA2RI—&
—vSim_adotaskdetails — BE]E—F D2 XV EEHH
—vSim_adoelements - BEfE—FDFHE{EE—&E

ORACLE’

Copyright © 2016, Oracle and/or its affiliates. All rights reserved. | 104



S8 T —AERBEIE DA A Wt

ADO IM 7R —D il
c IR —DFEFELT:

declare
v_executionid number;
begin
dbms_ilm.execute_ilm (
owner=>'SSB',
object_name=>'LINEORDER’,
execution_mode=>dbms_ilm.ilm_execution_offline,
task_id=>v_executionid);
end;

/

ORACLE’
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In-Memory Expressions B #R
LA

« ERIICCUREEDMRETERLELDIZELS
— IM populate EUs ...
— IM prepopulate EUs ...
— IM repopulate EUs ...
—|M scan EUs ...

ORACLE’
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In-Memory Expressions B #R
LA

» KEFIFHSN HifET:

—IM scan EU bytes in-memory

—IM scan EU bytes uncompressed

—|M scan EU rows

— IM scan EUs columns accessed

— IM scan EUs columns theoretical max
—IM scan EUs memcompress for query low
— IM scan EUs split pieces

ORACLE’
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In-Memory Expressions B3I R
HLLE1—

* vSimeu_header
—IMEUIZBH 515 AV MEHRZIRE

* vSim_imecol_cu

—~IMEURZRFESIN TS EE X DFHEHRTIZMH

ORACLE’
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)7L A
=TIl FXxa Atk

» Oracle Database In-Memory 7/, 12c¢ 'J1)—X 2 (12.2)
— 2%
http://docs.oracle.com/cd/E82638 01/INMEM/toc.htm
* Oracle Database JSON Developer's Guide, 12¢ Release 2 (12.2)

—In-Memory JSON Data

http://docs.oracle.com/cd/E82638 01/ADJSN/in-memory-json-data.htm#ADJSN-GUID-857A2E95-
28AB-4314-B654-4CBO5C50D9CF

ORACLE
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Safe Harbor Statement

The preceding is intended to outline our general product direction. It is intended for
information purposes only, and may not be incorporated into any contract. It is not a
commitment to deliver any material, code, or functionality, and should not be relied upon
in making purchasing decisions. The development, release, and timing of any features or
functionality described for Oracle’s products remains at the sole discretion of Oracle.
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