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— HARAFRIREE
(=) ABKRBEEBRAE

W T3 E X £ 7 %4 E (IMDB/MMDB, In-memory/main
memory database), £ — MW T EREANFRFHKENKEELTER
g0,

EHEERAF, A -RNERNEA, ZEEFH#HEHEE
B, MmN FZAN, WREFURNETAFRAR, AEEENER
N BT L

A FHEESA, LFEENMREERET ARFT, HRTH
GHREEEFNHEETZENG, AFEEERTNETEE, Kk
SHERNBEREER R ESNRA . ARAFREEREHAT
MR ERR BT E T
(=) RAEBRGBRBRE T

1. AR B R B

NEEHNAEREERE LA REHONFERSRE BN
AR, ZREBERBEETIR LMAFTS F, 28 L& E 64KB LLT;
1982 £z J5, BE& 80286 & eyt , J# HH 30 & (pin) 256KB
# SIMM N & 4, HIA A2 N FAE I L 8B40 £ 80 F R K, 386
A1 486 B X Hy PC 1] 16 [ x B, WA T 72 iy SIMM W&, 245K
B 7 ik 512KB-2MB; 90 %], EDO DRAM F# & 1T, ¥4 5 &

O $FEHE:  https://en.wikipedia.org/wiki/In-memory database
@ DDR3-1333 WAZIIIL S M 414 1GB/s, AESERIAT B 5 M B 294 150MB/s
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£ AMB-16MB; 7 1995 4, &R GHANER FEHN, AFE
A ETEELE, L 64 (L8 SDRAM & — R &G, &
FEBRAEF, EEHLET 64AMB; MEHWTLE, NEEETH
o B YR E R EERRE, F5E 2019 4, DDR3 AFMNAEELAR
" LLiA 2| 16GB.

HF &R EbERFHRETRE, A 1970 FRES, K
FERFHTHMETRET L9 NMKER, RIE 2019 FRITWRITE
¥, FHWE 3-5 TR LLE X 2| 1GB B A 77,

78 ==
(Z55/MB)
1,000,000
100,000 10GB
10,000
1GB
1,000
100
10
1MB
1
0.1
0.01

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
Fy

Bl 11970 FREAWNFENBMEE LS
# 48k JE: https:/jemit.net/memoryprice.htm, = [E 15 i fr & #
NFEENFE LR URN B TR, EAERELEANF FHAT
7 i A 4R E B 7T RE
2LAFRABMAE R
FTELTHF, TENRAGNFRERENPRITREE 2T
EWHA XN FHEENF A AR ERERENAREFHERENR
CPU Wy HL 77 . 5 M A+, 77 #0148 /& W1 BT R 2UE 14k & £ DRAM
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. B DRAM i EZ KRBT, EAESHEFENT
KT, AFEHNERARKERANFEA; 78T DRAM BT Z KK
N, BRERERER2EZR, FEIIFREKERFAMNT R,
2RI IR A B8 iy e Ao F 37 %

CPU Z51F

- Gy RAEAT (L - L)

-load/store 454 O SN~ ----"
“““““““““““““““ DDR DRAM \~80-100ns

- e G R == 1 7P

- load/store 154 A FFARAAT
--------------- NAND SSD

= E'E%%‘riﬁﬁ% L;‘;g_ _\ =1=1

-lfofr A WA IR 2% (HDD)

Bl 2 FiEnye FHEER

£# % DRAM e — LR HHEF, W FEEHEH T HEAER
# (PM, Persistent Memory), 5 A 4 # % ik 2% N 77 (SCM, Storage Class
Memory), 72 DRAM —#, #HEZKENE LR AFEED F,
%% & 2, DDRDRAM K bL £ #y % & 14 77 % CPU ] LLi# 3¢ load/store
g4 E 7 A, T NAND SSD K LA T ey dF 7 K 1 o CPU Tk B #
HIHE, RELRMERE Z KEFM#EF, ¥ UFH DRAM 5 SSD Z 5 7
FEEARMME A, EHFEREFEATRE, TEARRNFLT
DRAM 5 SSD Z ], LA load/store 54~ 77 X 17 7] 3 X HFH B # A
., W4T DRAM & SSD # i 7€ E 7 E By #74 . 48t DRAM, #F
ARAFAMER EAT S, ERERNEL S ELE; L NAND
SSD, #AANFEME LA THS, EXEMNELT S H,
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FAANFE 2019 FE—FECAH w4, EHRANE
B, MEEZREFHOAELER, TRT EH Lds, &6
P T SRR B B R o B A o R R SR AR B A 8 B R AR AT
(2) NBERBENKENAE

NEHBEENLEEEZL THTE . BbRAM. W7 RKH
B R R WA B

1980£E({

1985-1990[8], AR
HAAEEREAE AE
HIEENEICER TR,

HAZHA TizRRICER

i RRRHEE RiER R

197044 19904E¢
IBM2: Bl T AFEUE HRAFZEIANREEIE

BE B9 5 7% IMS/VS Fast EFEmREN, HEST
Path. AlsEERTA,

Bl 3 WHEHIEEN KRR

1AEFBE (1970 £R)

EXAEEE, WIAT AFEHREENSED. 1969 4 IBM /5 #f
HTHR LR ENBEEECERA G ——ETEAERANHEETE
REIMS, FIEABE &R ERATF. £ IMS B, IBM £ &
AETAFNEIEEE 7%, £ 1976 £ 1 T IMS/VS Fast Path[2].
FastPath 2 i} 7 $E0 Z F 00X T B A, B RIERNEERENF
F

2B R RAH (1980 F£RK)D

1984 4, D J DeWitt % A % % 7 {Implementation Techniques for

Main Memory Database Systems) — . % —JK# H 7 Main Memory
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Database ( £ 7/ HFHKIEE) B4, R EEAES KA FRTHE
RIER AN NFHIEENRSAETE, FHEHAZIAANF
BAE 07 B 1A

1985-1990 I8, & A& RARANMBEILEL T KL A FHEEF-
wo. IBM #H 7 IBM370 FiZ1TH) OBE W HFHIEE; RATEE AF
T # R  9E AE AARR FEHE E F R IR K [ AR, Rkt
4 MM-DBMS W& 4HE E; N/REREFHE T DALL W F4#0E E#
Al; Southern Methodist A% 1t HH MARS W 7448 EAE A, H AT
WA 2 % it TPK A2 System M 1 & $3E & .

3. AR (1990 £ R)

FEE BRI A R, kB L MENA R AT ERYE XFEAA
P& IR A v LR B R BHE B R G, AR TR T A e R R
FIUBARRELE, ERFIFEAAFTUANAELF, HEEAF
B 7% & (DRAM) B Z &Mk A, M WHEBIK, TRAITHE
LA RIS ARG T B 5, (15 N7 3B EM B AR T AT

20 22 90 £, HRZHE L B WA A 7 2R B 7 & JT 46 8
W, FEETLEMMNF, 1994 F%E OSE A& #EHT F— A H L
W H N 7 4038 B 77 & Polyhedra; [ f5 12 B SoftwareAG # H) T Tamino
Database; H A& UBIT 447 & i XDB; # [ Altibase /A 5] 18 4k # H
Altibase; B F|# Quilogic 2~ & # H T SQL-IMDB; = [E McObject

# 1 eXtremeDB. 12 A Empress /A & # 4 EmpressDB.



http://www.hibor.com.cn/

WERIEE B R A FEEREGH AR

F 1 1990 FRFI O EF W7 HE =

£ B % YNE =

1994 * OSE Polyhedra

1998 = SoftwareAG Tamino Database
1999 H A& UBIT XDB * F #4F & 7~ &
1999 # Altibase Altibase

2000 B A QuiLogic SQL-IMDB

2001 * McObject eXtremeDB

2001 i Empress EmpressDB

4EHEKER (2010 £E4)

21 2247, FE Web2.0 AR, BHRFMHINT — 2 HH
IR, ' B AR K R A IR B A e A bR U (] A
ATEEE AR, SRS ETEEMAOBBEERAWLR H#) Z,
X 2 Ry X ok BBV AR R — SR M R R R UE, o | R RN
TR RE K, 55K R RS E W AT 46 % B £ 77 B9 Pk

2003 4£ & LiveJournal # Brad Fitzpatrick JF & 7 & Memcached %X
£, Memcached = — N TIRE, XREEal, HHXNL)FTANFE
BAR%, B CEETRE, F—MRAIR 2000 £ 17K, {2 Memcached
RUETEEFA S, HERAMED, CATEHEAR.

2010 52 )5, BHEBRWHANLTLEH, . BH. B X
. B, BOME— AR esn A6 AL, X8R R R 58
mI A, KR ARE T e EX, W37 W FEIEENH —
WA

2009 4 antirez £ 7 § Redis % — A, Redis = —A~FFR#
I ANSIC BEERE . XEFENE. TETAFFTHFAMKEHER
Key-Value #( 48 &, &t £ f#1& = #9 API. A 2010 43 A 15 H &,
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Redis #9177 % T 1 & VMware £, M 2013 4 5 A JF 45, Redis 8977
& H Pivotal #£ B, % 2015 % 6 A, T4 &7 Redis Labs # Bfj. 2018 4
10 A Redis £ 7 5.0 JRA, EZZH BN FHEENLER K,

X B Bt BT UR 9 B 20E R T 46 >4 AL, 0 I HE 3k A AL F 4 B VoltDB;
X Fr 8 X % NoSQL #X3E & Aerospike; LA B 342 45 4 BR £k X #48
B % XgE S * A Bt Apache Ignite, X 28T JE 4 7 4038 & IF 76 & 4
BHREFARTHERNEANE, T TIREIEE 2S5, SAP w47
T BV RAFHAEE SAP HANA, 2 X&HV KX G x 28 N EHK
R, CABRANFEAEENEA T RZ—,

# Markets Research Future 7£ 2019 4 5 F & Aty 781 % 1 &
R, T AR ARRIEETHE L 19% N E A FHKEHK, £ 2023
15 %] 70 12 % T[1],

(W) ABEREENGRES LR

NEREEERESHEETEANER, WFEEHTEHFR
HBEZ KA A, FEENAFTIRER

LE % BmEfRE

BT E & T #E VO I8, AR E R By A R A
T DL3A B fE Gtk 2 AV BOHE B LR A BN AP R A, LA R EIE E Y
QPS AT LLiAF| 10 F UL E, A EAFAHINA. AEATERA
Z G, ERTUBRMKEL+A QPS WER, KRR *AAK
2 R AR

2.5k AREIESR X

A 7 3 4E £ L BT £ B 1%l DRAM 1 & %/ i, DRAM J§ T #
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B RENTL, AT RIERBH T RE, NEREEFEF ERANL
FR. ANBERNBESAFREES THEAMHIERAES,
FAMMERE AT B & .

AERBEEF TRERTZRERRERE T EEN T EEZE
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= REREENSERNRTAR

(=) NAEREFEENS L

TRNAFREET o A RESAFREE. XRENFHREE
DR H s, AP REE B 5 FREFEGE AT
EEERA,

LB EN N FHREE

A (KV,Key-Value) WHHIEERWEZ—FLREMN AT E
17t B B9 N 7 BUIE o SRE X N 809 3 F R s AT BB R
e, BEEXFELMHERE, CAREFHENBEELAEHE,
FEAERMES. WHEHEN - LR, BENAFHEENLE
X % # Redis. Memcached 71 Aerospike.

QLARRBNEFHEE

RABMNGHEEZ —METHREAABEUVNNFREE. X &
AAFREERERN R RBEEERRIAF T, XFHEL SQL
BT A ENA A FERE T, ELIAERENTENER, &
FHREFEAEE. RRBNFHREENEZERZHBEA Oracle
TimesTen. SAP HANA. MemSQL #7 SQLite.

3EMKRB NN FHIEE

MREEM A FHEE. X RBNFEREEZIN, RMB/D AR
T B AR ) A A 7 B8R, T i BT Y 7 409 JE RedisGraph %5
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(=) NEHRBEENERS T

LEHDR—REN A FREEEN R R

HFBAE T30 FHAE, FEBAT AMIWEE £E.
ATREIRE. € G, £REHFTEH LT EHHE A RN RH
FMRES BDREH N —LEENFT R HTERH. E2EX, U
RG| K BB T E AT, 18 X R A WD #5 H ol 56 7T DUk 2 R
Wo H, HREASEREREE R~ E PR SR EEEHNY
EEA T HIERE. REAEEENATHE, £2017 FX 1114
WIAE KR b, JT 37 28 A0 ok ik 2 BUR KA 10 12, R 7 &8 32.5 7114,
FATIEE 25.6 77/1P, B0AEFEALFRIE(E 4200 77 R/ . X AT HE EAE
BAFRERTHREEFREHNER,

— MUV REDHRGHEAND R ST A FLED R E
REH—BEE, HRE, AP 2T R HETE, TEEKkEE
BIRET IS, DRTweuEE, KEAFER —HZ% TDRE4H,
THERCLBNGFIEE; DREXE, AHSA P LB EREE
HREHN 2,

AT ERE NS I L ERKTIRIE R G a4 b2k 78 2 w2 F P
Wik, TR A F RS E R RIS EAT LS RE, X
PR EFERER—FENERENRRABEES . ZEXAWER T
FITRERAFABEERARY TN AL EEHREUR R EE
%, REVFAEHTEFLERTRSNLETE LT, R0
REABBEEREFE W EHBEER, GHEN, DRZELF
EERAGHEIAK, EFaEHA L NWEREXRG LARF
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ABEEHARETEBRNRATHANL, BLR A E T AHFEHE
FEHILE EHFERH R RERT A,
QAR EHF ——RBEN N FREEIXREIH X+ RENEEEN
WMBEFEENEFE RGN EARR, EENRA T TH
AL, BT R AEE DA, HERL SRR ELR 5. AR
Fald. . BB HOBEEEA. EHENEERT, REXA.
B EE. EER, XAAMNFRFEEEEETENENX,
SRTERER, BB AL THREEMAIERERESE, ®
LZHEAMECRERESAFLEE, TEUAFNZAHNE,
RFPfER. RATFEEFPAENAF R, wEXEA. EM
ERE, BN AT RRRAXABHEEF B EER, £ X KA
P&, ARPHBHENRERWT, X7y BRIERZE, AP &%
m—AFRENE, BFECRBEE TR, BT NoSQL HEME X K
7 3098 Rt RE MR AT N AR R X AN B B, 1 ] Key-Value 77 1 9 538 45 44
EEAKENY B, ¥l Redis 2 #£ ) Hashes I 4544, T LUK A
P % AE A Key, [FlBf&—1TH A 7 1 & & Hashes £ 1 A #Y Field, J
PR A BB R FE EH I — A Field, ¥ &£ E 474,

Key
name xicdoming — Field
gender female
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age 17
city beijing

Bl 4 FFfERERNKESN
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LT, LHHTEEROCEFRNELA 7 k. £H1LY
HHATE . BEME (KUTHEEEEHTFHHEEATE £, &
TRP#EAR, ERA2RHEFENLIAELEELD . Redis FHAF
%4 (sortedset) M3t AERIF AR XA P AL, & AFFFEHHT
% (hashtable) L2, [ 3 Ml ok & R 42 (E B B (8] £ 22 E AT & O (1),
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HHE 1A

RER: NE AL FHATHE R P AR EAE B R ve R, £ 1R IE & I
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SHEHNETERE. TRRERTE. KPEAN R ESFHHES
Bk, XLEZENTTEHEBRFE SQL REKER ACID fRif, XK
ZeW R ERE R .

HHRARFEAINNRE,ACEREFE. AP REE (B#EA
P, FRAEAMEEE), FHESH (BETF L, BE, #730
), WHRRAGLUEIEF L O, EWHEXNAF B, BFESH,
WEEWER, HEELFAB]. ALARKEXRE, — &M T EZ8IT
Fl 5 2%E SQL REMREHWARBAFLKEE, —2RAEHK
BEELZARFERFERE. RELERLAW =, —FEE LI
NoSQL % & E g ki ACID £ % —ZMRTH %R 5% R AEA
MR FRMAE TN, NEREETULNBELENF FHEH R
g, fET HMEREEMNFEELE S HEEZ, ERA
i 4 45 2 Ve B v B TR
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= AEHEERRREN
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DB-Engines Ranking & /1A 3 A Bk FY 3048 BEHEAT, RATHEW T &
PR A VEBR A 10 B A ) IR E AT X . JT IR & F, Redis Ao
Memcached 2 & % W 30 B ] s (E A 78038 ;T SQLite 2 & %
KM AR B NEREE. kP AT 2WXREAFREE N BEAK
o, HPHEREHA SAPHANA, B2 1995 £ 3t & 7 & — IR el
Oracle TimesTen 1774k 71 £ VE #K; 2014 4 %7 & f7 Apache Ignite & &
BEFMAREBELEN, REERSEA, ELHXFFTE, AHITHW
(AMNEHIEERT UL ACID, E#HEE ALK L IEH Z .
BRI SER2 FHER.

k2 10 AR N FHEEX

BRERIR B EREH R A/FR (License) ACID XZ#¥1&5R
Redis BEX 2009 £ FHE (BSD) 25
Memcached B{EXS 2003 £ JFiR (BSD) S E5i
Aerospike BEX 2012 £ FHIE (AGPL) AXFREFH
Apache Ignite BEX/ARE | 2014 F FE (Apache2.0) X FF

SAP HANA KEFE 2010 3 A X

Oracle TimesTen | %% 1995 £ & XFF

VoltDB KA 2010 £ & F/FR (GPL) XHF
MemSQL XFRE 2013 & A REFRBMH
SQLite REE 2000 £ FHE (Public domain) X Fr
eXtremeDB RRE 2001 £ A X
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(Z) ABHEELERZ

BARS T %, AFHEENLR N EEEYF750E K,
W FEERETHBENNLARE, BEZEE. FLE. 25T,
—F M. e RETE . BEERE. WEHESEHEEK, THKEEN
— ., RN, TRME. TeBERAER, EMAFHREENL
A, ZWEMENFFRIFHAATEN; FRAZQEIE R R B AT
RETE ERAER; REEFLE Y AER#HITHE,

LEAEF

HREBAERHATHNFHREELAR, JTZEFZZ V5 WERE
— M ERF SQL # AN =AFEE, ARGABERTSERE S,

yes

yes

BEN AR
MEEXE

REXT
NFEIRE

RARA

TR EE
Bl 5 WFEEEE R AN

25t
REBBIRE

VYE£RERRENERER? —RAEH A KT EETE RN
W5, KK, EERLREF, BNEEANFHIEE.
VHHERTERBHME? WRIHHHKER T EEM—=
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MERRE. FE ACID Z A0 % 5, WEDEA MySQL 1%
GMARBHERE, EFEZETINZ, B—BENERSHEEN
Mg R — R, WRFEFEGMHG RSN, WFEEN
FRMEE#HATHRA, BEEEENE LT E N,

BREAEZEENR SQL FAM? £t ERkIET, Vi
P RHBELEMER . AEAHARKITEER, HEFE SQL #HE
XFEHER, BREAXRENGHRER; S THEEM LR, TR
MEXE SEEA R LR, EVE R REX A FEHEE.

T X =AF RS, DTUEEHELE. A, ¥ REM. 7
BPUEFRATEEEE.

2R AEFK

FRBRFTEEEESWELAREER, BRI UASNE ] D4 4 Z IR
B, GIN—SHEMERENEE, #ITELGITME, KREAKBHELN
. BIFETRT AT 4E:

D AXRRE, BHEEEFRARS, BFEMHTRELIRE. K
BB E., REFE. FAER, HXZR. HLIFRS. B
G

2) MR RMERE . 365 4203 B4 R R A, U RE
MAKERITE, BEEARMER, TRETERS;
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