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Abstract  [Background] The comprehensive research facility for fusion technology magnet performance research
platform (MPRP) is a large-scale experimental platform established for advanced superconducting magnet
experiments. The retrieval speed of MPRP historical data is slow due to massive storage. [Purpose] The study aims
to develop a MPRP data archiving system (MPDAS) and increase its retrieval speed. [Methods] First of all, the
experimental physics and industrial control system (EPICS) data archiving plug-in was designed for MPDAS. Both
MongoDB Sharding and Replica Set mechanism were employed to build a highly scalable data storage architecture.

Then, the core ideas of three traditional cache replacement algorithms, LRU (least recently used), LFU (least
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frequently used) and FIFO (first in first out) were drawn by MPDAS to establish a data temperature model based on

Newton’ s law of cooling. A multi-dimensional feature data partitioning algorithm was implemented to integrate

access time, access frequency and storage order, hence the hot and cold historical data were identified to realize data

tiered storage. Finally, the retrieval speed of MPDAS was improved by preferentially accessing Redis when querying

historical data, and selecting different retrieval strategies based on hit results and data integrity. [Results] The system

test results show that the functional characteristics of MPDAS meet the design requirements. Compared with FIFO,
LRU, and LFU, the Redis hit rate of the MPDAS when the hot database stores 1% of the historical data is increased

by 38.05%, 26.91%, and 11.06% respectively. [Conclusions] By increasing the hit rate of hot data, the average

response time of data retrieval can be directly reduced. The retrieval response speed of MPDAS is effectively

improved by quantifying the heat of historical data and dividing the heat and cold.

Key words Historical data, MongoDB, Hot data, PV, Distributed cluster

AR EN XE RS 2GR R
(Comprehensive Research  Facility for Fusion
Technology , CRAFT) B 5 2 A7 [l s 43 56 7K~ (1)
FHLARH TR G A JE 2R TE R G0, DA ke [ 58
A TR HE — e OG- AR P R
¥ & (Magnet Performance Research Platform,
MPRP) £ 5 CRAFT i T WE AR 5T 22 45 1) 3 2L 20 B
B3 8 B R T T e AR R SR AR HE 3 A4 A 5
o RS ANER v A N 7 w7 R N D R =
7. MPRP MU JE K, ¥ R 52 2% , 147 2 000 2 %
155, B A R VAR KL 100 MB-s™, THii1 20
N L SR AR RUSOR A B PB 2. 7E KB
17 TOUN S F I Sl AN W K, K 5 B Ui
i ey e S IS ) S, S0 P AR . % MPRP K15t
TER—A k2 m A PR R Ul A R G 20
HI,

MPRP X H % F EPICS (Experimental Physics
and Industrial Control System) f#] 73 7 % | &R 4t -
EPICS 52— 2 BN T KR 4% B 1) R 73 A 2
FEH RGBT IR AT R & FE B
B 4 ) 25 TOC B AF 32 11 OPT A K LR 5 1 ) 45
JH AP Channel Access (CA)ZH &, A A71it 1 52
Hdls , EPICS ¥ A A DASCA At 1) Hodls 744 T A
Channel Archiver, # J iz N H T & ] ) SSRF
(Shanghai Synchrotron Radiation Facility) « BEPC-II
(Beijing Elec-tron Positron Collider 11) %5 K &} 2 %%
B, JGoK Channel Archiver HH T 7F £ 4 & HLF1 £
€ PETT AFAE A 2 » 3 T 5% 8 T B e v ol )
BRGHTIUR . — L% 5538 R F Ok R A3 P vt
AR BRI A RGEHAT TR ERAEYH
R [BMFRIy XAEH A 5]\ Oracle H 2 BEPC-I1 J/j
SEECHE PR R T B SRR AR E MR . BT
SEPIRE T MySQL i di e, JF il XL % 325 41
B XA S ST 51 SEROR TR iy 1IN 2 4K 5

WG Tt 25007 B R AOR . & T sE A
TANWIE I, O¢ R BHOE B A W PERECE PB U 1
fift S5 AT IR B BURAS , 359 R AU P 7 15 31
J iz B M. EPICS L [X & A7 ) Archiver Appliance 5
— o B T SO B AR TR, U ARG
Protocol Buffers 551 4t i ) — 32t il £ dfs , 1/O P4 REAL
5, CV7E HSL-IMY' Bk S A dh MEN AR 26 B b I B
Mo NIRRT EERE WSS, — it N LR A
R R FE R RN RS. FTA
ZR H MongoDB & T BEPC-I1 7 214 £ 45 47 £
B Ed R HESANLBERIIER T RER
& . Kikuzawa 25" "% ] HBase 4 & H A i+
A AT IR R L T RGEEY R S PR
AlrE AT R R oK

FERF 26 B iz i A #4E E H, Oracle
MySQL &5 5% 2 B 304 e A7 A 2 2R A 15 00 R
Ko 2 3 5 1% 119 7] 8, Archiver Appliance . HBase %5 71
W7 R RIEHEA L . MongoDB" A —Fhal§ &
1 v 1 R 23 A AR B0HE B, B 075 10 s
FE A AR 1 e, B8 0 HdE 2 2 R 5] H SRR
KB &AW IE S, B 5 MPDAS 1) fff A1 7 K .
MPDAS [f 1] EPICS 10C 3% F £ £ #2 . MongoDB
B 5 NEHARIFAT HRE F A m AL, B T4 f A
AEENLHI 44 2 MongoDB 73 i H il ERE . N THEL
PR 2R LI, FRATTEE T AR A e IR A S
i) BN () 7 0] A0 28 DL K A7 i D e = A 0805 i 1 R Ak
P& — b A PR Rl o3 Bk E e iy s B U R
B AR R A E 7 1) B, ) 23 [ S s S A
B I PR I S Redis 208 e . 2k Ttk
Bt F R T 3T MongoDB F1 Redis f) MPRP %5 &
[SVEF s

1RG5

MPDAS == ZLIf & /&y MPRP #2 it f4 2 i 5 [

020401-2



W R4 : CRAFTHEIRTERERT i T & £tk )RS R 4t

7 S8 AR AT R 55 CA S ORI N TR 32 2 k& A
AT A AT R ANHLAE B ST RSB 4 A7 1 o i)
FHE & ) BE AR 2258, MPDAS K B/S 280 3E4T
RGwit. R EEEMEWE PR, R HE
P& VR4 (Data Archiving Module) « H 4 %l 73 #i i
(Data Partition Module) « %4 # Jii (Data Source) Fl
Web i 55 15t (Web Service Module) 2H % .

B IHAS LR H CA JE R X 5 EPICS il
R EIEIEREE, I JCAE O 510C k%4358
H, I F #5045 %2 3R BN PV (Process Variable) {5
B e R B G E S . B R B
% S AT PV 208 AT BSON A% UL 4 D BE , N
Tk B sk PR Y A R i T TR, ST 2 AR AR X
B 17 BSON Z#fs , 24 92 A7 X Ad FH 2234 21 A, i
Batch Write Engine ¥ #it & 22 7 £ 5 JF K 5 A
MongoDB 73 41 SUAEHE -

4 R o B PR b T AR A A e
(Newton's Law of Cooling) [ £ & #4543 B S W , 45
U7 5] B TR] A7t 5 A0 U T A 5 2 A H s e
P S B IR B T SR . MPDAS 1 #504E %1 4 51
BT AR S B IR RE O A K 23 2 S I I R
o 5 A AT, 75 IR 55 2 U Il 0GR 4R gk AT ¥4 #4
YRR 7 o AR HHE ¥ BbR URE AR e BB 5 T
FEAES T o

MPDAS %45 J5 13 35 MongoDB F1 Redis i 7 %
2, F T AR A B ) o3 B iR 74 2 7 e 39
MPDAS % T Sharding F1 Replica Set P4 MongoDB
AR AR i o0 A N T IR A7 P SR s LA
SR ARG R S R S T R . BT
Redis 7311 U HE 73 73 476k %1 MongoDB 73 1 #44(
i, e Rt %,

T T T T T T T T T T Browserside T 7 |
: - - — |-
| | Axios Cross-domain | | Two-way Data Binding | | Vue | I .
HTTP | JSON {
4 Server Side 1|
: : Data Access Layer Business Logic Layer | SpringBoot | |
- I | RedisTemplate | «—> | Data Retrieval | Logging |-
: | MongoTemplate | | Data Analysis | Permission Control :

Data Source

Data Partition Module

Data Partitioning

) Data Model
Engine

; | Newton's Law of Cooling |

* | Hot Database Cold Database |- *
: Redis l—{ | MongoDB
Cluster Cluster

Data Archiving Module

| Data Acquisition Engine l—’l Data Buffer H Batch Write Engine |

JCA | Channel Access

|IOC| |10c|

| 10C | 10C

&1

MPDAS £ 45 s AR 32 H)

Fig.1 Overall architecture diagram of MPDAS system

Web ik 55 15 H K FH i S i 3 29 () R i 484t , il
ok 48 ST A AL By B0 i (Hyper Text Transfer Protocol,
HTTP) BEAT B3 Y517 SR A8 e 2, SR Y 2 OOk
% X JSON #E AT e ¥s =2 B o 3 W8 48 o >k A 2k T
MV VM R {1 Ve HE ST A B 0T 1T N A 32 XL )
B 5 e B S B 2 S Bl 32 H Axios
5 AR I W AR T 25 4 S LB e ) i 55 4 5 U o
Jik 55 %5 ik FH MV C BB 5 I i i 1 &l 43l
2518 18 JE AR U 0] 2 AN J2 O S 1 ) A PR 42
AL R RAHEDhRE. W25 2 5 B s

Rz Kt P B R G0 BT 6 Wb I 2 S5l
558 . BRI 1R = 57 B IR SR B R SR $2
B RMGE—ViHEH.

2 ARG

2.1 BUR)IE

MPRP ¥ A5 5 = B £, 5655 Bk v B 7= A4
ARG /2, 70 R AR SR e ik 18] A il R S il 5, Tt
20 5 P H B UOR IA 2 PB 2. [y S EE o8 T

020401-3



% AR

2023, 46: 020401

FEER AN S IO A R 2R AL . TR B F a3
fiff FH 5 8 2277 A5, 304 AR BRI A 2 Y0 B O 1~
100 Hz. SEZ38E4E A AE BN 52 34T SEIG I = 4
KSR 1 Hz~10 kHz A% . N 17#% MPRP £ %,
() S, A, S T EPICS s A RS 41
SRELTIOC %4k s LV, N H MongoDB % 37 5256 £ 4
JEE RN TR B 126 43 9l A7 il A2 R ) L SR AE AR 2 5
BRI P T 7 52 5040 5 35 5 257 MPRP 73 A1 20U
JE RTINS RF SR K IR B AR A TR R
MPDAS i #5 A RS 4 £ 25 T JCA AP R H 2
LRFEH ARSI IAT B TR Th RE , 75 2R FE 2 (R 4% Uk

ST E AT, /8% [R5 3R L% B EPICS PV,
MPDAS 4 AR A B an i 2 pr s o o 29 # B
HE T RENR, PR PV &, IN# properties %
LB AR CA R, B8 2 A e R AL
FE5 10C e85 28 S L ImE 5582, N+ PV 4R vt iy
A A ALAS 9% PV 284k, SREUCER HAE NG A7 X
M. F MongoDB it & 5 A\ D g , 76 5 52 B 4 22 47
(X, 3% 8 PV 42 %5 54 o0 21, i FH 22 28 R 50 s A7 AT
25 ¥ B3 0 B L 35 A\ 31 MongoDB %4, $2 i 2
TEfH L

Start Archiving
Data

- -
Archiving Archive
Engineering Data Experimental Data

Read
Configuration File

Monitor Buffer

Status

Monitoring Archive Settings

Information Channel

Whether
The Channel Information
Has Changed

Yes
Divide PV

Collection

+

Group PV data

1

Batch Write Buffer
Data To The Database

Create Multiple Data Collection Threads
To Establish Connections With IOC

Monitor
Each PV For
Changes

Monitor Each PV

Yes

Store Data In
Buffer

2 MPDAS i AR i ]
Fig.2 Flowchart of MPDAS data archiving

MongoDB #& MPDAS == £ 45 Y5t , F& T2 £ 122
S5 HHE e LA AR AL SCR B B 54 . S0 s
FE BEE A EE A B, 4y ) A Archivelnfo 42 &
PVData 24 . Archivelnfo 1 PVData £ & SR A5 7Y
3 fr7~ . Archivelnfo 82 & 474 T S256 L R PV
B3 Kl B S R S0 B AR (S B . PVData

Hric sk T E AR R I E B AR BUER S R
LIRS PV IR N2, I SR B BT A
P 78 37 %F Archivelnfo 8 & AR HC & . T FE £ 4
JEEAE LR FF PVData SCAY 45 #4 ZE Al X B — 2 K46
SR AT AR EE Ry . T TR SR A4S S R
I PV LA 2 i 1) FL 250 2B g FL & mT 90 0L 12k
BAT IR PV 42 RN B A A i TR] 61 2 R B
PVData 5 B4 & , Jf 5 #4) Archivelnfo 77 fi# PVData

TCHR ST AR TR R R o

MPRP 73 A 2 % 4 B 48 #f K H Sharding A1
Replica Set P4 Fi B 0, B 2% 47 e M A 5 ] S 12
MongoDB 7 A SNAE B 2L B 4 Fr s, R =69
AL, WL E S AL, AR 1A
Router Server. 1 4~ Config Server fl 3 >4 J S£ 4] o
MPDAS N3 15 L B — N RIARLE , 73 0 55
Jr AR A ER B T A R EEAL , ORUE B8 R SR A A
EE—EWEIENE O TR EE 2 IR 5% .
GIE M) 7 B R 78 40 K A% auto-sharding HLHI , fff
B A B oA . MPDAS 5 4E 75 SR i
KT AR, BBt B 1 56 25 lE s 5 7 A 1
f&. PVData %4 1PV & FBIL B S 5 T 75>
HAEWHHMERSE, ULPV LB 8RR Eie S

020401-4



W R4 : CRAFTHEIRTERERT i T & £tk )RS R 4t

Archivelnfo

PVData

{
"_id": Objectld("57c43caed4c63d7e39b5dc48"),
"expName": "15T Superconducting Magnet Test",
"pvInfo": [
{

"pvName":"Volt1",

"unit": "V",

"dataType":"Double"

"pvName": "Supply Current",
“unit": "A",
"dataType":"Float"

{
"_id": ObjectId("617¢01488c32827b3f524837"),
"pvId": Objectld("57c43caed4c63d7e39b5dc48"),
"pvName":"Volt1",
"data": 0.114639125,
"timestamp":2022-05-01 12:18:32,
"nsec":534388589,
"status":"NO_ALARM",
"severity":"NO_ALARM"

3 Archivelnfo fll PVData 5 & SRS 57
Fig.3 Collection document models of Archivelnfo and PVData

s 5 40 A i [F N 3RA5 L B e RE . EEURE I
R RR R, B A PV B0 R A 1, PV 44 g ] DL
SN B 241 50 03 R BN 43 S R Re g e T
BB S A5 H] B, MongoDB F B 75 PR UE 4 A7
PERTHT S T 75 2 B & R B R, 75 I s
o R 2 A0 v A R B S, 5 B0E w4
VE % 3 47 W A 10, T FE B 2 Ho s B 5 i 1A .
PVData £E & H IR I [ 38 7 B U ) 7 e v e,
8 A5 1 R A% R 3 282 I ) B4R 4 2 5 N R — Hdls
B, el A AR AR I TR) S A, SR T 0 s BV RE
I, AT PV 24 A [ B &2 & v B SR s S T
MongoDB 71 2 A7 it 4 2

MPDAS Web Server (192.168.1.1)

___!Y___I

| Routerl : : Router2 | : : Router3 :
| [ [ |
|| Configl_|! || Config2 |: 1| Config3_|!
| | |

| | |
| shardt || shard2 |iq[ shard3 |,
| [ [ |
Il Shard2 (I 1| Shard3 [l 1| Shardl |
: Replica : : Replica : : Replica :
Il Shards || |[ Shardl || [ Shard2 ||
I|  Arbiter : 1| Arbiter : 1| Arbiter :
119216812 1 | 19216813 | | 192.168.14 |

[N (AT A

4 MongoDB 7 i AL HE 4444

Fig.4 Distributed cluster architecture of MongoDB

22 BUERSY

P S 88l Uy ) B AT R E A R AL, B /D B i
BT I, KA B AR D> s LP A e
S5 RS (R B AR O B 2 N AR B
A » 45 AHHE A7 i 21 v A A0 o AT DA 5 B
AL 2R MR R T o B v P o S T AL

BAE RGNS BB AL SN R B E LA
#& FIFO (First In First Out) « LRU (Least Recently
Used) . LFU (Least-Frequently Used) %", FIFO.
LRU.LFU 43 5l fi 488 £ 45 774k 56 J5 00 U5 0] 165 18]
Uy 1) 9 22 1) B — KR AIE [X 70 ¥ FAEHE A7 AE R R
AR E =M R EER A R T
— PP ERA HAE U7 n) I 1A] U a9 2R A4 U 1 22
Y FE SRR AIE ¥ B R 43 5% (Division of Hot and
Cold Data, DHCD) .

DHCD 3K F 2 457 11 5 1o g 2 o) 28040 U 1] 6 (1]
UR IR ERE R . AR diA H e R T R IR
AR A 85 o R FEE i P T 52 8 B o A ) A b i
T PR RO A A A S T 24 H AR B2 A
B n T P 2 A2 \RC HAL S FL LIRS KU ) B i
T 1o P ek S0 B S R 1) VA AR B R
S Pt ] B) ZE 91, e Pt ik A 5 W A v J R 240
() A 74 A e R A SO — B0 B IR EAE
Wi Ia) 5 b Tb 5 B S AN B U 0] R I TR] B
PR “Y J1 7 I R T 0, RS R B B Y, TR ik
AT LT AR A R0 A A ST S B BE U ) I TR SO
Ry BE AR AR, LR HE B AR B e
AR PR IR 22 OE EE R &, HA (D
FroR -

Dy ry - 1) (1)

A TR IR L T RN IR s ¢ Wt A s &

AR T R VA A TR AR5 ORI B B R 22 ) B A1
XFRCD RT3 (2«

T(1)=Te"+T, )

X I SEHHE T IR L A B L. R

020401-5



% AR

2023, 46: 020401

FEHCHE U7 1] B TR) IR 2% A0 T, 2B R BRI S, BE 75 1,
B 2 (i B Tl E X (3D T AR 2
T(t,)=T(t,_ e " 3)
A e, AR RS2 25 T A .
A EE Ty il s ) %o B e R O 52, 4%
M B3040 22 R 1 50 4 AR FEE TRV AR AR T 7 I AT
FRYE LFU 53 AR, [R]— B 1) B P B0 Uiy [ B0
2 W BRI PR R o O e U ) B R A
Bl — 8 W0 , U5 3G R s SO w3 (3D AR T nf
A3 S 0] B[] R0 1) A% ()i FE T B (4D
T(t,)=T(t, e """+ W 4)
s AR 2 o T H EE A A,
e w BB AN e 181 b SO & AR 4 20 R
PEETT . FIFO BN & Ja it N A7t BA B 1
HHE A KA Ui 1] (R 28 B /), BB A7 il B[]
(B A (B BRI o TR L, A ) A7 ik B T P 5030 7 52
BV i) J o 3G 5 R BT AS [R] B P 1 1
LEAHIT [R]3E INTT98 /b« ARHE FIFO Sy JBAR , SR s
S AR AT s BT 1] T A [ B0 4 U7 1) i P il
W, 2 T4 o o 2 A3 3 3 FH) R 38 47 B2 8 o (1]
AR AN FR IR “e FREION A 00 8 0 P 14 s oG T A7 i Ff
() ) i B AR AL . 5] N MPRP 38 17 i ] BABR 52
5L B e EAEL S L, v s SR () B
W=cx e_% (%)
e S — R B 1 U 90 IR B d R BUHE A7
i IE] ;D 2678 MPRP 38 17 i 1] o MR e i 3ok Bobk
Ji, AE BT IE] (=D 26440 T, 300 A7 it i 7] 55 T
MPRP iz 17 I [ IS i 2 38 W B i /M e 45 ds 17

fifh BT[] 7] T O B il P S W 40 1, s oy Il () o
HUETEE e '~1.

# R OARN K (@ 15 2 B4 51 &t
H6):

T(t)=T(t,_ ,)e =D +cx ef% (6)
A T, DR EIEAE ¢ I 2B 5 TCe ) AL
TE ¢ W 20 0T o L) R 55 ke e 1R R 2540 4 i
2, ] AR HE s R o 7 SR #4784, MPDAS & &
k184 0.005.

DHCD i3 2 4 FE B0 RRAE &2 A IR iR B %
FERE , R 20 (6) AT LR AA T 545 31 7 se 205 1R
FE o NP BRI HGE R , MPDAS SR H 3L T N A7 /1
SSD C[E| ZHE AL B TR & A7 il ZEAE A7t o i dis . e
T WAFATAE 5 M 5 A SC B 3 3i0H X)) o0 %) Sl v
W] B8 U 17 VR B0 A7 i B 10 5090 R 455 B kAT
Fe AR . 18 7y Bk S IR RE A AE i P s
(F)iR 52 {8, MPDAS W] DATEAT 2 I 21 HOE a0 ) 43 3
ST s B IE 15 S . MPDAS $dis Xl 4 v F 1K
W S Fron o AR A B8R IR B 6 D7 e AR HE T,
MongoDB % 22 H il B 1 70 A& 776 21 Redis
HHE I o W B A7 i I 4% 2R FE X Redis A7 i
() FH 2R 2047 S M 4%, 40 2 Redis H (204 fEIA 2
T A, Wk v KR B I T e e . 4R
Gt R AR R U5 1] I BE % B 30 FH EHE U 10 He g A
e, B R — R AR U I IR an A
A7 i FE VT B PR B BG4 o S B B VN
FEEE BEUR 5 2RI, AN SOR A A Ak 3 K AE IR
5 B AR (I [R] B 177 S s g8 — A T A )
535 12 (R B — B E N 3:00 AM £ 5:00 AM.

System Starts

Write to Data
Yes Partition Table
Obsolete Data
Sort Historical
Data

Extract Hot Data
to Redis

<
Monitor Redis Seement Data Monitoring Data
Usage g Access
Calculate Whgther The
Has Redis Usage b Temperature Value Data is Accessed
Reached The Threshold?
Yes

Statistics Data
Access Times

5 MPDAS % %l 7 A K
Fig.5 Flowchart of MPDAS data division

020401-6



W R4 : CRAFTHEIRTERERT i T & £tk )RS R 4t

MPDAS i i 5 T Redis P4 77 8 & (1 #4504
TUARAFAE MU m B A 2R i SO . 4 A U5
i) [y SRR I, RS e B Redis &R WS~
1 SR AE Redis iy 5, FR4 2510 2% 44 B[R] 5 B AT PV
SR T i BB 2 S SR B . A Redis i H AR
SEAE DA [ HCHR O OB B R 7 2 . A R Redis R
i o B A R A R, RGO AR E AR A% 4R A
MongoDB %z 5 28 il 55 - MongoDB £ 4k 2 77 il 1
SEAEIR 7 SR Be g dr b T SRR R R I K

3 R

MPRP IE/EE# Y, & T R4 LR TAEHE
HHLSEA T o NPPAS B o 5 5 56 uF s 43 Bk
)TN, MPDAS 43 55 J& 5 4e Uy Rl i A0 A A4
RN . RG0S5 A 5 4 8 14 16 % Intel Xeon
E5-2630@2.4 GHz CPU. 128 G Samsung DDR4
1 866 MHz N 7.2 TB It #4405 & 25 4%

3.1 AGZIhaelik

TE R 22 B 55 & AR BT TR 5 H TS
06 AR IR T & XF MPDAS #4722 &k, 76 30
SR 5 SIS A8 A S SEY BRI R G
DIRERFAE , TEAN G [EFE P PN 5 45 M RURR P I 1B 1 T
B RRIRE AT IER . RIEWRT 6wk e fr
s, FeH A — G BIENECES 261200 A/
10 V A% () AMETEK HLJED .3 G 4E THEHL.6 &
Keithley 2182A.2 £ LakeShore224.2 & DAQ6510 %5
IR . MR RFRERTFEL R -

1)K 5 & Keithley 2182A . — 5 LakeShore224
PLACHYE TN E RS ERERS

2) fi F 2 T Labview 1) £ 45 % 5 3 4 @ i

04/07 12:43

04/07 13:46

04/07 12:50

Copyright©2022-2022-FE#I = b 7 IR s FHIES TR @Tst= All rights reserved.

CA_Lab £ [ [r] Jaj 455 P & 38 K4 -

3)ESLI0C MR 55 48 I B AT B4 PE e i i
SRAEAFI AL

4) B2 MPDAS Bt & 242 10C I 5 3 N H
PR 5% 2 ANE I e R 55 2% o

8 - >
1
IN

Ee6 AURINIAF&
Fig.6  Snapshot of cryogenic test platform

L 15T B -G A I X 5 36 UK MPDAS T 17)
EPICS HJHUHE IH A4 Th BE , JFE 30 U5 25 for 28 S50 2040
MPDAS %4 A6 28 Fr AL B 1 181 7 o, B 7 v o
T 15T B SRR SE R 5 PV IR RS R .
e DhREMGR, 7 Se 5 AR E 8 R S A B L
2 Ja 1 v B T PR AR L B A8 TR L3
EDNREW & RF BT EK .
3.2 AEERahERMIK

RBETHE R 2 E , A SCHE FIFO.LRULLFU
=G EE R SR B T — AR A A e
T A IR R o B0 L R 43 17 s B0 VA s A
FRBCHE I ERAE R 20 P A7 B E Redis, I8 P
17178 /O AL 3% B2 A DHCD Ff) 15 iy th 82 - 1
Vi 4E . 75 A7 E 264, MPDAS HI#E d5

100.000
50.000

0.000

A A T L s A I b B a0 M A 520000

-100.000

-150.000

04/07 13:53

04/07 13:56 04/07 14:00

CRAFTREIEEEFTSE FEsdReR x5

[E7 MPDAS ¥t R 7k
Fig.7 Screenshot of MPDAS data retrieval interface

020401-7



% AR

2023, 46: 020401

FEfr PR EERE T RENBIAE R NIEE . A
SC3 3 % E DHCD 5 FIFO. LRU. LFU () #8472 22
i R 2RI E ¥ A R o BV R B R R P
RedeTto HI TP sl (9 - 07 il R VAR S vk R0
A ERRN Zipf 4347, Ffl 1% H Python i & #) NumPy
T B8 10 000 535 2 Zipf 20 AT I HidE 140
FUUT AT 2 4353l AR U7 Tl 20 B50FR A0 H8OH e 45 1
PR A 55 EL A iy v R e,

A oy P B U7 ) R AR A 0 8 BT
TNo Her, REARER A P ) VKT AR FR A PE
AR, ARSI [F] g S E R R AT P AT 4
FhEVEAEAN R UG 1) B T A b e 1 SE 50
IS AIE , PEOHE R R R N MBI B 5%. MK 8 T
ST, 4 R B IO A R ALE B P U R RO 46 S
WGE T HAETF A6 B op 3R AR AR — 5, R
DAL R E 0 P 7 S B0 MR W) AR BEA7 i T BT A
i ) PSR . AESEIR T AR AT Redis A, 5 KA
FA P U 1l A iy A 4 TR E A5 08 BB 0 N A
T g T B H0H Bk B W UE . 4 PP B R R A
AR AR G AT B e 1T B A A RF SR N R
T, FE R — P U el e =X AR PR A7 RS
— 3 MCR B AR R ar R AR A BEE UG A
U N, Redis 128387 1% B3 , TT 46 H I KU B e
MG . FIFO SLykAE 34T A7 B e £ e &5 3 e -
HE Redis (1977 52 805, H i B 46t Aol B
A iy R N B TF4% . LRULLFU
F1 DHCD JF 46 347 #8H0H 5 ¥ ) b 4 25 46 N J6
AT N T 8 R YR SRR IR I, B U ) IO
I, fr BB W R E . ME 8 AT LAE HY, LRU iy
HH SR BE 7 1) YR D, LU iy oh SR 22 18 1 K )5 2
Fasg , M DHCD iy Hh 2 B 2 71, HLAR 6 A 92
()i P SRR TR O BRI . SR R, A
SCHE (%) DHCD B30 3 & 1 B drrp 2, 58
In3dE vy e R AR 1A R S

50
40

30

Hit Rate / %

20

4000 6000 8000 10000

Number of Visits

B8 HHudi i b AT W BRI S

Fig.8 Trend of hot data hit rate with number of accesses

0 2000

AN [ FA K 2 75 1 1 i R S B P 9 BT o
Horp, AR bR N B R & 5 B R 2= E b,
PALRR N AR dr . B 9 R AT, 4 Fh VLI dr
rh R S5 I AR B AR B3, DHCD BEfE A [F) 2
T PR 12 75 1 1A i v SR BE HR AT e 1 BB
PEdrhE., SLEK, DHCD %A b HAth BEE Y
i e T B A B HE AR R T AN W .
DHCD 7£ HE 5 2 74 30% I B B, iy b R i
%, {HAH L FIFO.LRU.LFU H it R 38 TH 43 551 R
35.54%-3.21%+1.03%, LA FU{E 7F IR A7 46 5 =
N 1% 53 A N 3] T 38.05%-26.91% 1 11.06% .
Al LA ), DHCD 5325 A1 bt A 550325 1 o v SR 2 7
TEREE 7 S E LR N A . TR
% ak WAT 2 A PR, 1 Dy sk s o B A B A2 A7 B - )
AW, A3 —RE MR KR 23 B B R St
oA S N AR . BRI, AR SR A K
5 %143 B2 A0 B FIFOLLRULLFU 28 5% iy R 5
e HLRE AR e , 188 1o 48 T AR i b 2R B % A Rk
B AT 2 R (R] T B A 2R R

50 3 X Y v v
L 2 A v
. A
40 + . & <
. v DHCD . :
<3l 4 LFU .
£ e LRU ° A
& = FIFO
E2F
T
= L ]
10}
-
&
0 L

30 25 20 15 10 5 1
Hot Database Capacity / %

B9 AFHHEE AR i R b
Fig.9 Comparison of hit rate under different hot database
capacities

4 5B

SR CRAFT BEAR T RERTE 707 & 17 SE 5045 4t
— KW LR M AF £, MPDAS # T MongoDB Al
Redis 4 22 5 o FH £k 2% Web £ RS2 T 22 H K
U E B RS E AR R R AR
EPICS JCA #2 [ 335 T 2 28 FE R R Bt Bis A RS
4, K Fl MongoDB 73 Fr Fl il A 4 5 s 4 B4l 5 N\
JIXIEY ) 45 %N B T A, IR SEE T 8 R
RGBT 2 A o A 2B A AR
Z#| FIFO.LRU.LFU =M B E kR R, A
BTt vA 20 AR Y — PR 2R A B A7 T B
T U 1A) BN TAD RN 504 15 1m0 1) = A ¢ 5 AR AE 1 3
AL, A0 T SE BOHE A SR  E 7 MI AR B, v

020401-8



W R4 : CRAFTHEIRTERERT i T & £tk )RS R 4t

R 73 SR 31 FHU K TR EE T X 2 Redis Hdfe
2 B FA KA I 2 e e 2R N 1) B2 P2, B v i
RIARLEE . 20 RGN, MPDAS R4 LI REREH5
i A2 BTN 348 FH 75 5K, v IR Rl 20 SR AT T
FeG SN B M A EdE ar . TR IR AL
A A P R KR AT S R TR R T T S
B2 . T D BA PRk — 25 X Sl Se i 1
FEREATHI T, AT (SRR 53 SEi I Bd A2 1k, K&
I E AR T TR,

EETTEAER SRR ER. BT FZI RS, R
FR XA AR E AT, A XF RN AR
WHF ;XT3 F AR, RBARE R, ATH
BERXF: TR LA FEHRFRAR
OB R RS, ST R,
S TR

Sk

1 Hu L, Zhang Q, Zhu Z, et al. Conceptual design of
cryogenic system for comprehensive research facility for
key fusion reactor core systems[J]. IOP Conference
Series: Materials Science and Engineering, 2019, 502:
012113. DOI: 10.1088/1757-899x/502/1/012113.

2 Zhou H S, Yuan X G, Li B, ef al. A new high flux plasma
source testing platform for the CRAFT project[J]. Journal
of Fusion Energy, 2020, 39(6): 355 - 360. DOI: 10.1007/
$10894-020-00277-y.

3  LiT, LiuHJ, Wu, et al. Control and diagnostic system
for CFETR CSMC testing platform[J]. IEEE Transactions
on Plasma Science, 2020, 48(6): 1789 - 1792. DOI: 10.
1109/TPS.2019.2946193.

4 ZFE . CSMC AN &2 WiEs R Gt SR
[D]. & HE: Hh E R} RS, 2020.

LI Tong. Design and research of diagnostic control
system for CSMC magnet test platform[D]. Hefei:
University of Science and Technology of China, 2020.

5 About EPICS [EB/OL]. 2022-05-26.
controls.org/about-epics/.

6 PG, AT, AR, A RECIREUE AR S R Bt
Hszgin. #7258 NE A, 2007, 27(3): 521 -
525. DOI: 10.3969/j.issn.0258-0934.2007.03.024.

ZHU Qing, JIANG Geyang, LI Lin, et al. Design and

https://epics-

implementation of archiver engine based on XML
technology for SSRF[J]. Nuclear Electronics & Detection
Technology, 2007, 27(3): 521 - 525. DOI: 10.3969/j.issn.
0258-0934.2007.03.024.

7 ZIRIE, TR, TN, 55 EPICS Hi RIS & i) &

10

11

12

13

14

15

020401-9

SUHE TS LI T S ERIME R, 2013, 33(9):
1043 - 1046, 1061. DOIL: 10.3969/j.issn.0258-0934.2013.
09.001.

LI Luofeng, WANG Chunhong, WANG Jincan, et al.
Research and implementation of data acquiring and data
query system for EPICS[J]. Nuclear Electronics &
Detection Technology, 2013, 33(9): 1043 - 1046, 1061.
DOI: 10.3969/j.issn.0258-0934.2013.09.001.

Wang C H, Li L F. A new data acquiring and query system
with oracle and EPICS in the BEPCII[C]//Proceedings of
ICALEPCS2015. Melbourne, Australia, 2015: 865-868.
DLW, FBENE, X, 55 . IE a8 WEEh Ik 5 R Ge ik
NSRS RS T]. 0L SRR, 2016, 28(10):
134 - 140. DOI: 10.11884/HPLPB201628.160034.

LUO lJiangbo, GUO Yuhui, LIU Haitao, et al. Data
archiving system for injector II of accelerator driven sub-
critical system[J]. High Power Laser and Particle Beams,
2016, 28(10): 134 - 140. DOI: 10.11884/HPLPB201628.
160034.

Song Y F, Li C, Xuan K, et al. Automatic data archiving
and visualization at HLS-II[J]. Nuclear Science and
Techniques, 2018, 29(9): 129. DOI: 10.1007/s41365-018-
0461-6.

PG, wAE, BPHE, & 3T KRB F & 1 EPICS
P s B AR R S 0], AR, 2019, 42(11): 110603
DOI: 10.11889/1.0253-3219.2019.hjs.42.110603.

LI Jiazeng, HAN Lifeng, LI Danqing, et al. EPICS
historical data archiving system based on big data
platform[J]. Nuclear Techniques, 2019, 42(11): 110603.
DOI: 10.11889/j.0253-3219.2019.hjs.42.110603.

718, & ¥ BEPC-IUHT R AU A2 A4 B R GE it [0].
T2 5 ERIE AR, 2017, 37(2): 152 - 155. DOL: 10.
3969/j.issn.0258-0934.2017.02.010.

QIAO Yusi, LEI Ge. A novel data archiving and retrieving
software system for BEPC-II[J]. Nuclear Electronics &
Detection Technology, 2017, 37(2): 152 - 155. DOI: 10.
3969/j.issn.0258-0934.2017.02.010.

Kikuzawa N, Ikeda H, Kato Y, e al. Status of operation
data archiving system using Hadoop/HBase for J-PARC
[C)//Proceedings of PCaPAC2014. Karlsruhe, Germany,
2014: 193-195.

Kikuzawa N, Yoshii A, Ikeda H, et al. Development of J-
PARC time series data archiver using distributed database
system[C]//Proceedings of ICALEPCS2013.
San Francisco, USA, 2013: 584-586.

MongoDB tutorial[EB/OL]. 2022-05-26. https:/www.



% AR

2023, 46: 020401

16

17

18

19

20

21

mongodb.org.cn/tutorial/.

AEUE, X152 . T MongoDB HI %I 5 F 5 4 Tt S s F 22
FI. HENLSET TR, 2019, 47(4): 892 - 897. DOL:
10.3969/j.issn.1672-9722.2019.04.029.

XIONG Feng, LIU Yu. Research of the strategy of data
fragmentation and allocation based on MongoDB[J].
Computer and Digital Engineering, 2019, 47(4): 892 -

897. DOI: 10.3969/j.issn.1672-9722.2019.04.029.

BEEE, MR LWk, ZRA%, 55 B IE MDY 553 5 B e v 23
B R (0], B T EOR, 2022, 45(7): 107 -

111. DOL: 10.16652/j.issn.1004-373x.2022.07.020.

LIANG Yi, CHEN Youyong, LI Sen, et al. Database cold

and hot data identifying algorithm for transaction scenery
adaption[J]. Modern Electronics Technique, 2022, 45(7): 24
107 - 111. DOI: 10.16652/j.issn.1004-373x.2022.07.020.

Dan A, Towsley D. An approximate analysis of the LRU

and FIFO buffer replacement schemes[C]//Proceedings of

the 1990 ACM SIGMETRICS
Measurement and Modeling of Computer Systems -
SIGMETRICS '90. University of Colorado, Boulder,
Colorado, USA. New York: ACM Press, 1990: 143 - 152. 25
DOI: 10.1145/98457.98525.

Robinson J T, Devarakonda M V. Data cache management

Conference on

using frequency-based replacement[C]//Proceedings of
the 1990 ACM SIGMETRICS Conference on
Measurement and Modeling of Computer Systems -
SIGMETRICS '90. University of Colorado, Boulder,
Colorado, USA. New York: ACM Press, 1990: 134 - 142.

DOI: 10.1145/98457.98523. 26
VR T 1) 7 PO 1 A7 i L T 98 55 S B [D). A

#: A RHRAA, 2021

XU Jiaxin. The research and implementation of storage
mechanism for hot and cold data[D]. Chengdu: University

of Electronic Science and Technology of China, 2021.

BRZESC 2R, SRR, & 0 R BIRAR  “e fa 40 27
A IR MBS TORE, 2020, 30(2): 49 - 53. DOI:
10.3969/j.issn.1009-7104.2020.02.010.

CHEN Xuewen, JIANG Qin, ZHANG lJiawei, et al.
Discussion on “e-exponential law” in college physics[J].
Physics and Engineering, 2020, 30(2): 49 - 53. DOI: 10.

020401-10

3969/j.issn.1009-7104.2020.02.010.

MREJE . —Bir RC HLUE IR BEE AL B AR 7 72
[J]. ¥ 5 T 52, 2018, 28(5): 44 - 49. DOI: 10.3969/j.
issn.1009-7104.2018.05.008.

CHEN Changzhao. Depth perspective on first-order
rceircuits: concept, principle and method[J]. Physics and
Engineering, 2018, 28(5): 44 - 49. DOI: 10.3969/j. issn.
1009-7104.2018.05.008.

FR I . TR R R R A BB TR PRI BT S [D]. A
M WL RS, 2019.

XIE Yulin. Research on recognition mechanism of hot
and cold data based on data temperature[D]. Hangzhou:
Zhejiang University, 2019.

XN, DAL, FRJ5, 5. A0 A AN E i b
AR[I]. KL, 2017, 36(3): 25 - 27. DOL: 10.16854/
j.enki.1000-0712.2017.03.007.

LIU Sumei, MA Hongzhang, YIN Yufang, et al. The
changing mass cooling method for measuring the specific
heat of oil[J]. College Physics, 2017, 36(3): 25 - 27. DOLI:
10.16854/j.cnki.1000-0712.2017.03.007.

REXRAR, ZRIN, R P 3L, 45 . B T AR i00vA A Ry th
LA BT SRR B2 5 BOR, 2022, 20(2): 9 - 14.
DOI: 10.12179/1672-4550.20210278.

XIONG Huanhuan, QIN Zheng, QIN Shitong, et al.
Optimal model of furnace temperature curve based on
Newton's law of cooling[J].
Technology, 2022, 20(2): 9 - 14. DOIL: 10.12179/1672-
4550.20210278.

T F . ToLe Rl G P 2% b 5L T 5k % 2 18 23 A N A7
FeARBWEAR[D]. FifF: EHEgi k2%, 2020.

FANG Yuzhe. Research on distributed cache technology

Experiment Science and

based on reinforcement learning in wireless converged
networks[D]. Shanghai: Shanghai Jiao Tong University,
2020.

gk B . RPN AR AT B T S A7 SRS B AL
[D]. & AE: HE R} AR K, 2016.

ZHANG Zhiwei. Research on media popularity prediction
and caching under radio access network[D]. Hefei:

University of Science and Technology of China, 2016.



