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Abstract: Biological gene sequencing is one of the most common high-performance computing tasks in Bioinformatics analysis. This
paper aims to find the main workload characteristics of biological gene sequence trace (BGST) and construct a general model to analyze
the biological gene sequence (BGS), which can be used in high-performance computing scheduling and performance optimization with the
BGS. The study mainly analyzes the job arrival, runtime and parallelism characteristics in BGST. Based on the analysis, it constructs
several local models with exponential, Gamma, Gaussian and linear regression, then combines all the local models into a final model. The
experimental results obtained by applying two general evaluation methods show that the new model has uniform distributed trend with
BGST, which demonstrates the good versatility of the model.
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Fig.2 Daily arrived jobs’ probability density of the 24 time slots (TS) in workday
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Fig.3 Daily arrived jobs’ probability density of the 24 time slots (TS) in Weekend
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Table 1 Regressed results of the workday and weekend cycles
F 1 KT LAEH AR H AT S5 2850 H I #1052 50l

k 1 2 3 4 5 6
a, 0.00 7 —-0.391 6.2 —-18.156 -115.618 1007.48
by 0.00 3 -0.159 2.667 —-10.408 —62.059 935.408
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Table 2 Gamma distribution parameters of the time slots between 10 and 27

F2 AR AR 10~17 2Z 6] AE 55 BE B -5 7 A1 i1 2 5l

i
a

i

B

10 11 12 13 14 15 16 17
1.353 1.135 1.485 1.121 1.147 1.197 1.467 1.377
4.165 3.613 2.439 4.862 4.868 3.767 2.435 2.698

Table 3 Gamma distribution parameters of the time slots between 18 and 24

F3 LARH AR 18~24 Z [ AE 55 BEHn 5 7 A 2 2l

18 19 20 21 22 23 24 18
1.296 1.306 1.265 1.161 1.192 1.218 1.093 1.296
2.678 3.127 4.326 5.256 5.909 6.251 8.142 2.678

Conditions: BTN and B,

Input: St —The start time, Size—The number of jobs to generate
Output: 7/ —The time length, 7//—The list of 77

WHILE  Size -0 THEN

| IF St in Workday THEN

| IF St intime slots (1,9) THEN

[ | x,= E(X,). sample(); Tl = E(3600/x,).sample();

| ELSEIF St in time slots (10,24) THEN

I | x,= I'(a,, B).sample(); Tl = E(3600/x,).sample();
| END

| ELSEIF St in Weekend THEN

I ¥, = E(3,).sample(); Tl = E(3600/ y,). sample();

| END

| TiLadd(TI);
END

Fig.7 The psuodo-code of DCModel
7 DCModel £ il Inf [1] 7] Bg: Fr) 04 £ AD

3.2 ESHITRTEEITH EAER

ARIAG WA SALEAT: P, R, R,y MR,y HAEEG XS B AT 55 94T RS AT 55

IBATI )G AR

93BT pdf R 8 B B0 M L — T P I A AT U SR (8) ki, P A R 2 19 0 56 3R 7 LU i 58
@)~ (1A T LU I FI A 5875 3 /4 3o T 40000 2 e, W26 4. e, 7 S5 S04k P 5 3 AN IX W 4 o
LI 0L 5 (PR R 5 P AN 0 9315 B 50, LA 2 P IO BEANIK [T R < R,y MR, R,y < RS Rypg

R>R,;; , WIBEARAG I ORIERE R 1K) 7 A o6 50 A RIS EAL (1 A5 5y v 550 HH DAE (R A2, L3 5.

U(lal)a P=1
P~< (. f,), 2<P=<16
(e, fB,), 17T<P<745
[(ay, py), P=1
R(< Rlowith)N r(azz’ﬁgz), 2<P<16
[(ay,By), 1T<P<745
(e, B,), P=1
R(> R[uwith&ngidith)N r(a325ﬂ32), 2<P<]6
I'(ay, fBy), 1T< P <745
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(o, By), 1TSS P<T745
Table 4 The Gamma distribution parameters of the equations from Eq.(8)~Eq.(11)
F 4 K@)~ 3 1 2 EfE

i (@ 8) (o) (3. B5:) (@4 By)

1 (2.8574, 1.3648) (0.6466, 24.5366) (0.7349, 2109.2) (0.9640, 52143)
2 (6.2272, 4.3883) (0.5338, 25.5052) (0.7037, 2333.5) (1.1162, 38474)
3 (NA, NA) (0.5900, 27.2626) (0.8369, 2375) (1.1102, 40013)

Table 5 Distributed probability of the job’s parallel size and runtime
x5 AL IAT R LA KIS AT I 1] 43 A1 A A

pdf (P,R) & pdf (P) P=1 2<P<l6 17<P<745
R<R,, 4 0.625 0.638 0.576
pdf(P,R) | Ry s <RSR,y 4 | 0334 0.322 0.378
R>R,i4 0.041 0.04 0.046
pdf (P) NA 0.796 0.198 0.006

FAN T EH P AR (PR AT BR AL 4 AN OV BENL R BUR AR SR AT W B K IX 4 AN BE AL R O R
257 MFRIEH Rnd,, , Rnd,, , Rnd,, & Rnd,, JLH, Rad,, FF 388 P T LE I DX IA), ) T 72 X 1R) 76 0 A R 50 A2
P W IFAT AT Rndy, I T3E48 P=1 W R W70 A0 SR A Rndy, T IS 2 < P<<16 WIY R M40 11 BRUAL Rnd,,
FHFF1T< P<745 WY R KIS0 A1 BR S
33 EHMESER

DCModel == %4 37 7 A2 A= 4 58 BRI 37 s 1 B v 450 I i v A 45 100 [ 14 0 B, DR bk m DA SR 3wl 4R B R
28 1) 518K 7 PRModel F=ZE 47 53 7= A BIIA AT 55 AR 5538 4T I (8] R A7 ST S8R A SCF DCModel 72 I AF
55 B35 I (] [A] B AR 9 — /Ml R SR A PRModel 77 AR AT 45 3@ A7 I8 [ R0 AT RSH R 7= A — A s 38 AT 45
T3, B8 58 B M S B [ & . DCModel I PRModel fill & i B ARG FE & 1 46 id DCModel 74 —AMT:
55 (R 1) TRV 7 sk PRModel 72 2EAT 45 B IEAT RSE P RIMT S5 IE 4T ) R ARG HS UKl SWE #% 5P
1) A 2. Pl 8 A AN AL A 1) BA AR, e v, size AR 77 AR I 55 BN L B, load 2671 75 27 A2 AT 55 S oAl I
SRR (BRI 1,1 R LA BRI IRE 24 Joad y 2 IR AR R H G IS BEA D LG 1 2 1%).

Conditions: DCModel, PRModel
Input: size, load

Output: swf -The workload list
DCModel.setLoad( load );

WHILE size -0 THEN

| T =DCModel.generateTimeLength();
|( P,R )=PRModel.getPR();

| swf .add(SWFFormat(T,P,R ));
END

Fig.8 The pseudo-code of the final model
B8 2RO AL 55 U P A 45 SR Dl AR

4 ESREAITN

2 AL FH P RR T 7 75 K olmogorov-Smirnov Tl F1 Anderson-Darling Yl 43 51 {8 ic. & KSTest Fil ADTest.
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KSTest it/ il i v 55 H 35 oh BOAE A R0 A 58 00 R HEf8 55 4T 25 50 20 oh R A S ) 58 0 R 50 £ -2 Tv) f e K B 2
SR VPN B AL (4 £ 25 LA [ VP I B 2 L SCHR[17]. K S Test DI 2 A58 4 7 A 1R R AR I 23 e 26 5% 1 5 D H
G SO RS A SR 3 5 R ) ) e R ZE L AE B 4 R AR AU, 5 (R VR DI AR . AD Test Il J& 75 KSTest
Bt oS T PP 7 R SRR I 75 30 mT AR () Jit 1 A SO 2 ) BEAT AR AR PRI AR R U e R S
JLSCHRTT8]. 2k T B 4 b PP 0 A SR S A 25 AL T 7™ A T s SCA PR T 5 1 A SCAEFH K S Test AT AD Test X i ¢
55 BERAE A S AT 5 BIA I TN AR T, FFA4T RS P T S53847 N 0] R L 20 A & 34tk A7 7 PP
4.1 KSTesti¥ill

J5 A H RS ST SRR B H AL s AR S5 B H R 2900 550 J7 4% 0 TAE S SR S8 R ik ), A58 I A H
SIR AP AESS HE S 155 H &5 AT 300 J5 AR5 id sk (Brid h LOG_1), % 2 44855 H G &5 47 250 J1 %
RS X (BRIE A LOG_2). 88 Jim, AT 55 108 23 35 7= £ AR TRV BOCRE (KA 55 HS6E LOG_1 M LOG 2 1) P, R AN
T 1X 3 MESSJE P AT KSTest PP L KSTest PPl 45 5 A UG 0 (0,17, 45 580N 5 T 55 B8 5 Tty H
G AU E BT O T S PP AT 25 B R ) mT S0, A 300 il % LOG_1 M LOG_2 #E4T T 5 TR PFI, 1F
W& R 6,47 LOG_1 M LOG_2 (R TF s AR 55 B ™ A2 ) P, R M T 3X 3 MG @ ML VRl 45 2R B/ T
0.1, P4 L Eos P, R AT (W45 KA OREFTE 0.08 LLR, 1M P IR TEII 45 R OREFTE 0.05 LAN, PRIHGAT 45455 2
FEERAESS HAEAE P, RFNT 3% 3 AN @ PE L 5 J5t H & T4 7] 1 43 i
4.2 ADTesti¥F

Xf KSTest H1 1% LOG_1 F1 LOG_2 “ERiff 10 A H &G SCAFEAT ADTest PP, PRI G5 R L& 6763 6
ADTest Xf P,R M1 T HIPFIN G5 AL 0.8~42 2 [A)ANEEJX 2 Ay ADTest PP 7 KSTest PFIIIRE Atk X H AR A
(PRI, 2 KSTest PFIl 44 AL 1K b v 22 , 0 45 S IR I B ke T4 DU (V) FF A 1K) B0 5] 6, AD Test 5%t 4 g
PEPEI A BAR S SO PRI EIPFIN ST IR 0.64 R AT 55 B A AT 55 BOFAT ROT P B3 25 4 0.64; R )11
PRI &5 R 35 Ron A BT 251847 I ) R~ P 30 IR 22 09 35s; T ISP Y VP I 45 SR 1.85 3R AL BRI AT 45 1 [a) 1) g 11
325k 1.85s.ADTest VRIS R UL AL BRI P AN T (150 A a3 55 i H 3G SO AR — 30T R 11
i 2= KIS A A, R K90 At SR R 0 A, IR I R AR 2 F (BIAN[R] 3 A7 I (o) 5 H Ik B 8 5 2 A FEA milde K
1K 10E+06s, KT R (K370 A1 S HE A 400 & A AROK R HE

Table 6 Results of regression trends between the workload model and

the original trace by KSTest and ADTest
%R 6 KSTest Al ADTest X AT 55152 M [7] J5 H s SCPEAIL G 35 vl 4 28

Experiment KSTest ADTest
P R T P R T

LOG_1(1) 0.037 16 0.080 19 0.055 33 0.452 10 41.495 16 1.764 09
LOG _1(2) 0.037 72 0.079 92 0.053 03 0.448 45 41.380 02 1.988 41
LOG _1(3) 0.037 34 0.080 15 0.058 88 0.446 56 41.425 22 1.882 14
LOG 1(4) 0.037 32 0.080 20 0.052 09 0.458 74 41.513 23 1.712 83
LOG 1(5) 0.037 50 0.079 40 0.051 28 0.449 31 41.152 71 1.689 44
LOG_2(1) 0.057 39 0.061 40 0.064 95 0.840 91 28.828 80 1.846 22
LOG_2(2) 0.057 45 0.060 88 0.068 17 0.852 02 28.686 44 1.854 07
LOG_2(3) 0.057 35 0.061 13 0.062 57 0.849 82 28.577 76 1.965 61
LOG _2(4) 0.057 16 0.060 21 0.061 91 0.840 04 28.577 84 1.971 12
LOG_2(5) 0.057 69 0.061 01 0.066 96 0.844 71 28.805 68 1.881 69

Average 0.047 41 0.070 45 0.059 52 0.648 27 35.044 29 1.855 56

5 2 %

AN S S AR AR D I e H A AT 55 213K I Ta) R LR AT 55 16 94T RS e AT I 8] 34T 7 20 #r. 23
A tE R SO AR A 5 A8 208 N TR) b AT AR H SR A5 80 393 A, I AN [ 1) I TR 9 e DA i
HOT3 A RN 53 A AT 55 B IFAT ROT AT KR 20 A R AL, 1 AT 55 1) AT RO [RIME 55 38 AT I 1] 4 47 76 1R 0 A
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S B A O AT AT 25 455 20 AL 3t g J o) ) 3t (9 AT 25 8 B 3R AT 77 VP VP I = B KSTest F1 ADTest T
DK STest VPl 1138 45 F W on AT S5 A58 AR BRIKIAT 55 9547 RSE P AT I8 4T B 1) R LA AT 25 (R i) 1) i) 7 1) SR

H & A AR 8 T Ak T AR R 0 o A S PR AN T (VTIN5 3 - FFAE 0.08 LUR,IMT P IR VI 45 R J0) 4
0.05 L F.ADTest VI 45 R BoR, PR, T I-T-35 VP &5 553 514 0.65,35s Fil 1.85s.

54145 HEM AT BAT m g k. RS 1S 500 S O ] 5 B 45 Mk R e, A SO 3E AT 45 H i
(14T 25 A5 20 8 7 AT 2% & 1% Jmd B ke, L A AR 4 (8 P ke, ] P T A 4 5 R e B 35 v 4 AT 45 381508 B [ i)
B AT 2538 AT I 18] LA B AT 45 18 04T ROSTRE 1 108 55 SR mes 042k 56 VP A T FRVATT 5, AN T A sf A 4 5 BT 11 ¢
TV B S R0 1 DAk (R 5T 5 A (R,
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