30F&D
53 EIL—)L

Al 1£a




SkEIDAE

LU FOEEEZBIT

»R. Appuswamy, G. Graefe, R. Borovica-Gajic,
The Five-Minute Rule 30 Years Later and Its
Storage Hierarchy, Communications of ACM,

» b SEEDHRIE (F—HIR—Z X
FR) ODEEfEIRE CaihA

.|I|n|




S&mNn

» Goetz Graefe
» Microsoft = HP = Google
»DBERF L (AT XATIRE)
» Anastasia Ailamaki
»U. Wisconsin = CMU = EPFL
»/\— RO T )7+DBIRE

» & & ESIGMOD Edger F.
Codd Innovation Award=&




=p

A - J L1 G
» 553 fEJL—)L & &
»)L—)LDEH
»)L—)LODEFE e

» Performance TierlCX g 04T
» Capacity TierlCXx1 9 2904

» i




A P14 (Jim Gray)

b 19444E ~20074E
pERDI Y N TITHAARBAIC

» i fE
»IBMCSystem RDFAFEIR E (CEA1DSD

»1995F X D~Yro0OYJ

» LRI & D JeMicrosoft Jim Gray
Systems Labh D+ XA 2MICHD

»F1—> 28 (1998%F)




Sh - DOb1DEE

p S U O S

>B1I:Eb“§ H,\J 1 0 e

» 1= bOEIKREm *%;5wm
»DWHICHIFTDFT—FFa2— T D= =
» Sloan Digital Sky Survey®D=> X5 I\{EZE
» EARRET — 5 — RDIBE e &
pRIZED [5FAD/ISH A L] DIRIG FourtH
» Data-intensive Computing o




=p

p /s - DL E
» 575 [E) L — .
»)L—)LDEH
»)L—)LODEFE e

» Performance Tier(CX] 9 201
» Capacity TierlCXx1 9 2904

» i




5 2 TEJ)L—ILDED

» KRED:E (198041%)
S EEE

» XE (DRAM)
PEREN S, BRI
Pl X2 (HDD)
HERENASE o
» 5t RENRE RS C, DRAMEHDDZ &
DEDIESIDHRKLNDH ?

100N




55EJIL—IL (1987%F)

» 1IKBDFT — A K550 (CLERRESIE SN Sisd

DRAM LI(CECIE 9 AE

>OX

@x’fﬁ-b\ﬁk SAVASE S I RAN=]
p HEFD/\— DTV ZRIIRRE U CER

Ll
p b

=D, DRAMDEE=Z @] (CIFT

2]

. J. Gray and G. Putzolu, The 5-Minute Rule for

Trading Memory for Disc Accesses and the 10-byte Rule
for Trading Memory for CPU Time, SIGMOD 1987.



=p

p /s - DL E
» 553 fEJL—)L & &

» )L —)LODEH,
»)L—)LODEFE e

» Performance Tier(CX] 9 201
» Capacity TierlCXx1 9 2904

» i




IL—ILDEH (1)

= =

» s E

»D

»A .
WZ%‘:LEH"C%ZDD‘ (BB : 701z

»1 )
i
> T

pTDICEEN DD, HEM/IHDDZEE

(Zm1)
HAFISHDD OIS (B : R)
12 (BT RO R—AD

LIWZ (d, BfBA/D (PO R/
WZDWJE O] HE
HDDOB=(IZE UTR0)




IL—ILDEH (2)

»1 RILILWZ (L, B¥A/D (701X /3 -
7’7777&%@7 s 17 X (CD
JLI77 01T R) hnE
b DADINR—ZTHC1E] )7 O X9 B
S58#1/Telo 77O R) , 17701 X
D/(AT) R)LHMAE
p i POTRRICEAT D IR MaBEE(CIRE




IL—=ILDEH : CCET

T o
\ \ (13 LfC) T (1
Y b T
iite: DL 17 R&B=0
1¥2(CABD

gy D/(AT) FILDWE




JL—)L DI (3)

pZTE (€dD2)
»P : IMBODRAMIC A D
NR—F (B : R—2)
»C : 1IMBd /= D MDRAM®D
'f 1& (——'f_L |\)l/) & : CRJL

» DRAM (L_ 1 \— /%ﬁﬁ{%j R—TH P

BDITHOARXBNIC/P (B DFED, 170EREEBRC
L) &E1RB 75 7=5HDRAMAE L3
J XA MZEC/PRIL




IL—ILDEH (4)

pLATOIRRZBZ R D
= CI=

D/(AT)

73] : HDDADL1 7O ADIZED (W

151 : 170"

7 ADNEALICDRAMZ

JLNDEFE

pEHDERENSEE L DEFIDED TS




IL—ILDEH (5)
bR
T = D-PA

p 7712 A yﬁzb\m‘a@r SMICIE SN
FEITBILDRRT—HICDLVTlE, HDDTF/R<
DRAM_E(CiE L (otj(:‘/er%ﬂ%ESza“%) ]
MWEROE cCEH




=p

p /s - DL E
» 553 fEJL—)L & &
»)L—)LDEH
» )L —)LDiE FE e

» Performance Tier(CX] 9 201
» Capacity TierlCXx1 9 2904

» i




=TEDH : SIGMOD 1987w DIHS l

A —

» o B
pR—ZH A X%ZIKBET D

»P = 1,024 KB / 4KB = 256
» HDD D& D = 30,000 KRJL

» 1FBREID 701z A BJEEEIZEY A = 5[0
» 1MBd> = D ODRAM®DIifE C = 5,000 K)L

»T = D-P/A-C = (30,000 - 256)/(5 - 5,000)
=307.2 (#2) =512 (7) & spypuL—Lmgsine




30£F1& : 5SAREIL—IIEES RO TEh l

» 30T/ \— R T ZHEATHEIRY (CZEA1E
» NMEFE AT (non-volatile memc

pISwS O AEY (FIEFHEIAETE
»SSD (Solid State Drive) &—H#%4L

>¥ﬁ7‘ TANVMEZAIT : MRAM (B3 A -
p i T—

>7(WEODT o= 1] (== 5=

p 1—ILRRA L —2 (T2 LT




AL —>0EE

Figure 1. Storage tiering for enterprise databases.
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Table 1. The evolution of DRAM, HDD, and Flash SSD properties.

Metric DRAM D HDD SATAFlash SSD
1987 1997 2007 2018 1997 2007 2018 2007 2018
Unit price($) 15k 48 80 1k 415
Unit capacity 1GB  16GB 0M 9GB  250GB 2TB 800GB
$/MB 5 146 005 0.005 . 022 00003 0.00002 . 0.0005

Random IOPS . 67k (r)/20k (w)
Sequential b/w (MB/s) 500 (r)/460 (w)
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Table 2. The evolution of the page size for which the five-minute rule holds across four
decades based on appropriate price, performance, and page size values.

Break-even (4KB page)

Page size (5-minute interval)
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Table 3. The evolution of the break-even interval across four decades based on appropriate
price, performance, and page size values.
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Table 3. The evolution of the break-even interval across four decades based on appropriate

price, performance, and page size values.

Tier

DRAM-SSD
SSD-HDD
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Table 4. Price/performance metrics for the NAND-based Intel 750 PCle SSD and 3D-XPoint-
based Intel Optane P4800X PCle SSD.

Device Capacity Price($) IOPS(k) B/w(GB/s)
Intel 750 800GB 589 460 2.5
Intel P4800X 480GB 617 550 2.5

3D XPointlcE D < PCle SSD
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Table 5. Price/performance characteristics of tape.

Tape library cost ($)

Number of drives

Number of slots

Max capacity per tape
Transfer rate per drive (MB/s)
Access latency
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Table 6. Price/performance metrics of DRAM, HDD, and tape.

Metric

Unit capacity
Unit cost ($)
Latency
Bandwidth

Kaps

Maps

Scan time
$/Kaps
$/Maps
$/Tbscan

$/TBscan (97)

DRAM
16GB
80
100ns
100 GB/s
9,000,000
10,000
0.16s
9e-14
9e-12
8e-06
0.32

HDD
2TB
50
Sms
200 MB/s
200
100
3hours
5e-09
8e-09
0.003
4.23

Tape
10 x 15TB
11,000
65s
4 x 750MB/s
0.02
0.02
14hours
8e-03
8e-03
0.03
296
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Table 6. Price/performance metrics of DRAM, HDD, and tape. 2 D R A
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Metric DRAM HDD Tape ===
Unit capacity 16GB 2TB 10 x 15TB *EE}_; ( b—
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Bandwidth 100 GB/s 200 MB/s 4 x [50MB/s

Kaps 9,000,000 200 0.02
M 10,000 100 0.02
L — L R— R VRN TBscan(C &

Scan time 0.16s 3hours l4hours

s el m09  se0s -DRAM@W‘thHﬁ
= PR NI - HDD &> — D < (147)

$/Tbscan 8e-06 0.003 0.03
$/TBscan (97) 0.32 4.23 296
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