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Protein Folding Simulation Computation Method Based on
OpenStack Cloud Platform
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Abstract: In the field of protein science,the speed and accuracy of protein folding simulation have always been the focus and difficulty.
In order to effectively improve the efficiency of protein folding simulation calculation, we propose a protein folding simulation calculation
method based on OpenStack cloud platform. The HP lattice model is used to simplify the protein folding process, and the complex amino
acid chain is abstracted into a combination of black and white spheres, thus reducing the computational complexity. In the calculation
process, an improved PERM algorithm is used to calculate the weight of each ball, which can evaluate the energy system in the folding
process more accurately. In addition, with the powerful computing power of OpenStack cloud platform, the folding calculation task of
amino acid chain is allocated to multiple computing nodes for parallel processing, which greatly improves the computing speed. Each
compute node returns its temporary results, which are eventually summarized and output as the final fold result. Experiments show that
the energy calculated by the proposed method is consistent with the minimum energy ,and the calculation time is obviously better than that
of the PERM algorithm. The folding result is consistent with the existing optimal folding situation, and the calculation time is shorter,
which improves the simulation efficiency of protein folding.

Key words: cloud computing ; protein folding ; simulation computing ;lattice model ; OpenStack cluster

0 31 § FREA T O 3 — Ay X R BRI T AR AR L2
A BT BT Rl e OB E A A A RS U E B PR 8 BT S 7 5

Yr#s HEE 2024 -11-21 &= B #1:2025-03-25

EE&TA  HR A RRER AT H KB (61972444) ;T A4 838 = B 75 45018 A AT H ¥ B (2023KQNCX120) 5 MAE R # B i U S5 F
BHIFI H %% Bh (2024HSZDO1 )

YEH B ARMEAE (1980-) , 55 B MAER Wit BB 587 0] Ry 04T o0 A U B AR 4



<42 - HEPLH AR &R

LURRE

TR TE A b o BB S HRR AR
THREHUE B 3T & 7 AT BT T
R 52 25 W ool o T s RSB A NI TS B AR
R R B i 2 7 B R A ST A R

IR NG R T 2R E A B &8 sk, M
R SEREITIA A (HBEE BB D FE G K X
STy IR R TR SCHR[ 5 T4 kT R R P
HIRAT B ot A b TR AR B RO S S RCR O
{8 1 $3 55 3K 3 ( Knee Point — Driven Evolutionary
Algorithm , KNEE ) .7k i 6 fe FE S5 4, SCHk [ 6 ] 41T
{5 A% Fl% B2 ( Messenger RNA , mRNA ) ¥ 4178 K 1
SO S TSR X B B S A S M B A (H AT
AeZZms 7 IHAMSE I KR . SCHRL 7 14 G0R T 3 HT T
ET &R R, AL T AR e kA (0 )
SERBARIZEAT IR . SCHR[ 8 ] Fi ik id ik /Ny T 25 A
RO S, SR &SR B R EA e 4 &
RO ERIVE T . STk [ 9 )48 1 i 2 1 B4 & JF
A 7 AT S T EACE LB A BTy
HBEL R 2% A A TFES HLARRUE 4, SCHR[ 10 182
P T4 25 7 L R TOVORS B 33 B8 7R AR AL 3 fit
B AR I SR O Y TR A X HL S J ]
i

OpenStack = V- HA KT AET) = 555
JRE ST e DL R AR I SR, I SR Y — T i
T OpenStack =& B8 H B4 & AL o
T YA B 4 B R AT & W U7 i (Modified Pruned -
Enriched Rosenbluth Method, Mod — PERM ), #| Fi
OpenStack 73 5 AE0E 71 4 s 58 52 K HAE 1 43 A7 =X Y
THE BT, DU B o 280 58 U 1 T B A

ZITER BT AR B LN T

(1) B AR A iRl S5 5 2 B AE X 42
thh 73T OpenStack =V 108 F BT &AL HA R
KBS ZRA 7

(2) fifi FH 5 7K - 3% 7K ( Hydrophobic — Hydrophilic,
HP) k% AR A 1 B & i A, B e B TR B AL
BERAMEAERW A AL, FHTES R AR RER
TN ISR PR AR 45 A A e R4S

(3) Me ik 1 OKG 1] & 42 % A% AT & 1 J7 1 ( Pruned -
Enriched Rosenbluth Method , PERM ) , 318 &~ Bk A #L
& USRS RN EA RIS R .,

(4) i 52 2 AT 55 647 3 i, #II ] OpenStack
P o A RS e B A E R 6 00T BT 55 Ay B 4
ANFE BT 58, IR 17 8GH PERM BL #E1TRE 125
R R AT fJa, 25 1 AT as R i) &
Wb TR R S NG R T AR e R AR
H B &1t A 4,

1 EBEARITERMNEBFEEERE
1.1 EAKRIAE HP 1§ REE

PR ARITE,  T RSSO
W kB2 W N R T ALY HP A i R 12
IZERLKE BT 1Y SR A S P2 L K M R
(H) FEARYEZEERR (P) o 400 BB ERFN R OR
RE, — LR T 90l i Ak A el SR KRN 1 3K 4 B Y
B P RS BRI M FE T E N 1, FE = 4EsS N B

n MROEAG EREN % B R AL — AR 2 1

A — R EBRFE), T (i=1,2,-,
n )RR x,Ly,z ) HIRERIGERD A bR, R ERAO
ABBRASE T8 85, BT LAER O AR BR 38 R #8001 R S R e
B A BRI R — A AR R AR R — TR,
B (xy 002, 5%, 390520058, 3052, ) o X THE BTN
P& B3 (2 R A TP 0 BRAEAS 55028 1] v i 7
BT I HaRBIER O O 1 H A B R AR,
Tk N
min(E) =

/(e =, )"+ (v =) " + (5 - 2007 (1)

R AL WSR2 e SN RO = RS 2
S PRI A 3223 A 5 T AGET B E XS SR T A T A AE
H T K RE IR RS A L5 | ) R R 45 # B
INASAE , L, IR RER 0 Z 5107,

&1
- 79rij =1

ry (2)
M,r, <1
Ao, vy FORWIER G RYBROIEES , M FIRIESHL, g,
FoRal REL
SR R AN 23 KA %R AR 12
GEETR BRI A st SR 7 32 25 R 5 A K2
RSN  ZGH N AXFREN .

) 0,r, =1
_ ¥

u..
y

(3)

Lr, <1
TERE TRl AR NG, AWK R A
XFRIEN .
E:uij+u;./.=2;2;ugi+2{2;u;j (4)
1.2 HATF HP tﬁﬂﬁiﬂm PERLM éiﬁ
PERM 45 [ 504" &8 B AL 7 15 02 — Rl K AU BRL 0%
FHF Lhdse/INBE & R R 52 A% HP A% s B RUSR i, B0
i BERA A ERAE R N 1 B BE D, B E B ER L
56, EH 0 - 1 ISR TS n DNERZ AT R
n B FNAE Wt LA ACGE BRI WS , W, ).
B W < WS LR AR AR )R n BRI 172,
[ 2% SR AR W, B WA 3 W e [ W),



57 3]

BEHEARSE . 3L T OpenStack = -6 108 A T SRR B vk <43 -

W T RSO, BRI AR OR BAZ46 Jmy , OF EAUE AR s i e
TE W > W2 BT 7Bk 0 09 A B K, M E
Wt k= min (K [W/W) 1 BoE 432, 9F Hit |
BEANGY SRR PR 38R (WD W e W)
1.3 Bi#AK PERM &k

PERM S35 7R AL 3853 2 A0 Ak [m] I BT B A4 Jm)
FCETERIA ARG AL T 1T BR SR 15 8 A 21 S 80 T
FECRART . AnSRAg R AR W PRI B G = 12 08 1 1
NEPE AT R 2 (AR A 4 B A v O 2 R O, 15 A
DB . TR, BT RR SR s R AN 2
Al RE S PR e SR R R R A A, B AR 4R
PR AR Z I a] 33090 I A 2 A I B Tk Y
AR,

R T DRI B W] T 2 SCKE PERM 3L EAT Tk
Pk, JE BT Mod-PERM #3k, BCt Ji i) 3k 3 i 5
AW C FNREE RECE SR R T B IS N
PR R G M, R TE TR RCR, WA E C
PRAL T SR WA AR R AT A, 5 B Bk TR P v £ 3]
A AR X, TR R A IR WA B TP A
R R R, AR AR RV AR 1T BT
A JRARER A I 91 0 BB A% HE 17 50K 41 14 J5 3 A
b, IXRR R () I BT R R T AR I R ORISR
fift JFi ik, #F Mod—-PERM # v, F5 ZHUNAESE n Bk
FEARTRS R n = 1 AR W' ARG E R TTR 2
KEEN .

W:md =W, K. (5)
W, =C" 2, (6)
Ws=CW; (7)

A, W, R e - 1 UEAE, ¢ IAbs S vEME,
C* MW, Z AW, HWHEE, 7, N2 5 AL
B,

Hede W 5 R TIBRC WS, W) M W < W
B, A 172 ERAR AR TRy, LRI AR RAE K, AN
FIREVERR AN 3 0 | 1% 2R SR AT

W, = 2W, _exp( - BAE,) (8)
Ao, BORIEREC, B = THIRE, AR, KIS
i BRER AR,

Wt e (WS, W] B, A3 i BIAK JRANEE H

W, =W, exp( - BAE,) (9)

Wt s W2, i X S SR AR A

5 W, exp(-BAEI)K,,,

W = £ If
R, AED K5 0 BRI i R RYRE AL,

S ERTT AR BAE W = W= =0 1H50 T AR =
10 BIAT 4 1 43000 40 AT, W™ =+ oo TEBLTF, 75

(10)

TG 9 TR SORCE, 23 SR R 9 TR TTRR T3
w6 LA 7 715, 8% ¢ Fn C° SEEHRHERE 4>
3o B O HER UMY € 2l ¢ RILHIBOR,
UNITESE = St d )

2 EARMEBEMTEMNEITES
2.1 OpenStack =F&

OpenStack H B i Nova (313 ) . Neutro ( 2% ) |
Horizon (¥ # % ) . Cinder ( 77 4i# ) . Glance ( 4514 Ik
45) Keystone (IAIER S ) UL K Swift ( X 4474 ) 3k
A4y 2H R . Mod —PERM A {#1E F| F OpenStack =
F- 5 ORI 52 1 AR 1 BT 4T B A AUL AR R ] HP A% i A
RUFIECHE ) PERM 53035 56 sl &R (1 i dr S AL OF
FI ] OpenStack ~F- 15 5¢ W 11 5t B8 19 7 fith 78 B 9%
PEAY RO B AT 55 P07, B P AL, B & Swift
X G LAAFAit A 11 SRR, T I B Nova 15 IR 55 i 47
PR R AL 5T, 48256, B AL Swift Fl Nova, i
RENMBFETAE, W5 FEREFH TEEEAN R,
LGN AN AEAT 55 PAT o o5 MR A a3 A
ARG, WAL IEE 12171 Re A RO BB AT 55, X A
LN A BT SRR T & T RAT 55 AT e B L 4R T
BT SR ROTTRRCE,

2.2 T OpenStack ZEEHWEBRMEESK S

FIF OpenStack 9 Swift #4752 1 )5t £ 45 47 4iff 1)
BAPRT .

(1) B A . B 5, 7F OpenStack 1 Swift H1 41
A T AR A0 VB . A4 T DL
A 44T TR APL HEAT A, 15 B U7 [ AR Ao
BHREHER Y,

(2) BAEEE B8 E BT 90 B i 24T T
Hat APL PG EAIE AT, AT DL B 43
WA AT LA USRI AT A B A

(3) ¥ 45 A U7 ) #2538 &8 OpenStack 1Y
Swift $EHLATDIRE | AT LIS 2R 11 050 28 1748 2R 4 ]
VAR o ] AR s 0] SR, i Ok A B AUH g
%177 5] G ehoEcHE

(4) B &y Ak 52 . FH OpenStack K Swift $%
HER 213 RS DhRE , wT LA e 450 28 11 B8l , LA B
IEEHE 2R SR IR A EE A TR A

FIFH OpenStack FJ Nova #1795 58 B 5115 #)
ISRENIZE S

(1) BEPEPEAY . FIH Nova #2431 59 9% A5 DO fE
AT DARR A 2 A 09 M AL RS A5 2RI BRI 55 45 B 5k
VEAG AT FH A BRI 25 i F b fE

(2) BRRIE R 59, i Nova Y ¥ 5 i =K Fl
PR Ty ae, AT LLUAR 4 & A B BT %S B K, |



<44 . HEPLH AR &R

OpenStack V- 51/ KA 18 BT S, G046 B IHLSE
5] R e 4k P 2§ ( Central Processing Unit, CPU) | N
45

(3) FEIRIEFALAL . FHH Nova $i2 1 () 5% 5 34
FEREAC S MR A48 2 0 8 FE SR mE (At 3 4 2
FEPESE) TR 55 0 BL 45 ol & i W BRI 55 7%, OF
MR8 5 155 100 2 285 I8 4 B 5 43 T, DA 3k 3 e A 1 P g
TR,

(4) shaS el AR 1 BT 55 1 5
TR IE O, I Nova By s 84 & A lnl i Thisg, A 30
VS N BSOSO FUAIL S 451 R0 AR N A9 5% U5, DG TSR T
55 1) 2K [R) B S R 1) e RIOF

Mod—-PERM Jj ¥l i 454 OpenStack 1 Swift Al
Nova, A] LLSEBUR 25 11 50 804 09 A7k | 380 B AN 17 ] 42
il , DA R B P 43 e 55 98 B, DA T2 i 2 1 B 4T
B AT BRI AT S

FI M Mod-PERM 5.1 47 25 11 B 47 & B DL 4 &
A ER TR AR SR ¢ Moes 4B
Y, 7€ Mod -PERM S5 BT T BB E W Ml
W< (W78 R 454,15 8) ¢~ F1 C° MIRIIRME ., % 3CR
Python Jf 474 FE Y 75 =X, 44 & 1 B 47 & 1 H 5 19 e (IR fig
iU B A 4 S /NMT 55, JF a4 OpenStack = F &
PEATHEUR I B, B ik 28 /N 55 4 E B UL B AT
FIJH OpenStack API 48 HE = Bt i, Jf W ¥ 4T 55 0 AT 1%
W, BB A R AR B0 B Y SRR A A 1
Fis

o535 %
HILHHC I
-
| Swift | | Swift | | Swift | N
LHCHC
| winan || s | [ s | A
Nova Nova Nova
¢ 5
55 8 RO bR P He iR AIC
[ ST

B 1 &% OpenStack ¥ Mod-PERM £ 4-X| 4~ 5 #47

3 XS54
3.1 ZWHIENES

i F OpenStack J&—FF IR N A , K L 2E L5
VEPEYIBE ML A 1745 2 OpenStack = F &, 5 H = F
BRIFEALE AN 1 iR, t U & P PRI S5 4 4L,
44 CentOS FEE R 40, OpenStack 2 &5 A EAF 555
Fiz P T I SC A5 BRI A TR

% 1 ## OpenStack = - & o9+ LA A4

TR A CPU MA7/GB LSS it EES

PR AMD #i ¥ 5950 256 1 TB SSD+2 TB HDD Master RISERS
T AMD %iJE 5950X 128 1 TB SSD+8 TB HDD Slave UEAERS
TEAHT 5, AMD i 5950X 128 1 TB SSD+10 TB HDD Slave UEINCRS
PR 268745 15 AMD #iJE 5950X 32 512 GB SSD Slave UEINCRS

Has A7 i FRRRE AU AT
import threading
import time
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protein_folding_task = " Complex Protein Folding Task"
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def divide_task( task) :
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subtasks = [ task[i:i+3] for i in range(0, len(task), 3) ]
#LATG: 3 TR N LIRS 55
return subtasks
#1530l OpenStack =15 B IR JA BE AT AT 55 1 R 8K
def execute_task( task) :
print( f" Executing task: {task}")

time. sleep(2)  #t& LT H} ]

print( f" Task {task| completed. ")

#RT
if _name_ == "_ _main_ " .
#R5y KAT55 J /M55

subtasks = divide_task( protein_folding_task)
#li ] Z &R T IR
threads = [ ]
for subtask in subtasks:
thread = threading. Thread ( target = execute _task,
args = (subtask, ) )
threads. append ( thread )
thread. start( )
#ERF IR THAE 55 521K
for thread in threads.

thread. join( )
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print( " All tasks completed. Results are ready for aggre-
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3 36 P,H,P,H, P H,P,H,P,H,P,HP, _15
4 48 P,HP, H,P, H,P,H, P, H,P, H, P, HP, H; 23
5 50 H(HP),H,PH(P,H),P,H(P,H),PH,(PH),H 21
6 60 P,H, PH, P; H,,HP, H,, P, H, PH( HP), _35
7 64 H,(PH),(P2H2),(P,H),HP,H(HP, ),(H,P,),(HP),H), -44
8 85 H,P,H,,Ps(H,P;);H(P,H,),P(PH), =51
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