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Abstract: Tandem mass spectrometry, a method involving multiple steps of mass spectral selection, is
widely used in various biological fields. In recent years, steady improvements have been made with respect
to speed, and the number of protein databases available for analysis has rapidly increased. Consequently,
computational analysis has become the bottleneck in tandem mass spectrometry. To overcome this prob-
lem, we attempted to improve the tandem mass spectrometry analysis software CoCoozo. To accelerate the
program, we improved the algorithm and also incorporated utilization of multi-core CPU and GPGPU. As
a result, when all mass spectral data files had precursor data, we achieved 8.9-fold speedups compared with
the original software. In addition, in the case of no precursor data, by using a 12-core CPU and a GPU card
we achieved 18.1-fold speedups compared with the original software.
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Acceleration of Tandem Mass Spectra Analysis Software CoCoozo
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BTE, BEOT TS Ao s I, Z 0T A~ AL,
H L<IEZ 7 2E RSN (Tandem Mass Sectrometry)
EMFEIND AN DD, F T A~ AER, @E OB RS
HroFHZ 2 BILL AT S FETHY, ZOFTH, 2 B
DHLOBRBIERS HNSENTWD. 2BEEOX T A< X
ETIE, 1A OFHURHZ TSR0 & 3 7 B WL -
AF AL, FOEEEMLLE (mass-to-charge ratio, m/z)
X DOME (fFER, intensity) ZFHEITS. Z WAk
INT=_XTF R§HE TV —H (precursor) & FEOY, 2 [A]
HORRIRC, &7 L —HERICE A - 4 3 1b3h,
FOEREMLEBENFHEND. £z, ZOTVI—
BRI ENT=_TF RHE 77 7 A | (fragment)
&S,

BT AT ABIL Lo THLNDERTH LEESHTA
XTIV, V7 MU =T WIS, #UoNoE
DEEIND. ZHETHRAREESNY 7 by =T R
RSN TEBY, ZOHTH Mascot[5] BDEIEA VD
WTWBHNR, ZOMIZE, SEQUESTI6] < SpectraST|[7],
CoCoozo L \WoT7c V7 My =T INTEKY, T
NBMEOT NI Y X L% HNTND. CoCoozo 1E, FEZE
BARTIR AW FERT B OB TR P AR ILIAIF 722 C 2000 4RAR
HIEE ) B B ST E T2 R AT MVEEIT S AT A
ThY, FFE LT, @AE (precision) O\ ENT 21T
DT EDAEEETH DA, ME OMEMEHEEEAEE LT
WHEW) ENRF BN, £z, CoCoozo I, BEHAF
M, PEEHMNRAEMZIT CEBICHA SN TV 5.

I, BRI 2REEIR O LORSE, I
L7 —ZORELML, T—FOHELLERLTWS. Zh
IR, 2 B o —XIC K DML, EESHTICHBV TR B
Ay D LIp) DD 5. FDO—T, IETIXFERE —
R B AROLIRMERE S REEAIZH E L, 2T CPU O~ /L5
a7z 2 WHIE=<°, GPU (Graphics Processing Units)
ZRAWEIAERE TH S, GPGPU (General-purpose com-
puting on graphics processing units) 72 &, £kx 722 b
MBI I TV D, ITHFTix GPGPU 134~ 220198 5
BCTHWENTEY, RIFFHE 8] M7 — U =Z5# (9]
TR E L 2 ER LTV 5.

AT, HEOWT AT MUY 7 U =7 Co-
Coozo ZXIEIT, TN ZLDKEEIT, /— RN
Fifk, BELOPGPGPU LIz L 5 &EH{LE X ~7=. CoCoozo
(I, $TIC MPT ZH\WT, ##/ — F&RFHT W T
FICEMES D Z ENFRETH D725, ABFEICH VT,
1 /—Fikdsrmdbxz B L.

2. CoCoozo

F9°, RIFFEONR—R LIRS T2E BN AT N IVERENT
V7 b =7 CoCoozo DFEFMZDONTIRRDL. TDAA
yuakvxaorza—F vy — h&X 112577, CoCoozo I,
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Fig. 1 CoCoozo Main Process Flowchart (for a mass spectral
data)
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2.1 CoCoozo DR KILFY Y
AKIFFEClrdmEfb 2R A 212H7=19, CoCoozo DR
NFy 7 ERLMIT S0, £32 208 AICO0T
CoCoozo D& BB OMEEMKMZFHALZ. 1 DHOELE
X, BTORARY MVT 7 A AT LA —H ORERE RN
BENTVWDEES (L I—VEREROLBE), 95—
DFRER, BRART VT 7 A VHDK 10% DAY
VT 7 ANBT V=Y DRIEFREREZRNTHDGE
Thod (FUI—VIERKREDOEE). ZOFHRRELY,
CoCoozo IZBWT, EIZFHEEZHEET DN, 7L h—
G TTITRA ROy T T DS THDEND ZEN
yinol. AT, TV h—VIERREOLE, TV —
PHEMSEMOWGE & T, TS 13 [F DR 2 D3>
TWbZ Ebmmoi-.
3. BEFE
3.1 YYFUITLTYRLERATHMEIEDOTILTY
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BHEROTWE T VA=Y vy F LT eTIT T A
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T — 25Ty F U TETHIZET, PLTUAD
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eE 755, CoCoozo ITFIFRZEMIZKST 272D DE
BT, Y= "R ER T 07T AGkE 2o
W FIZT, FIRBEMICHIS Lo EE, BERISTT
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T2 RN OLEREITY, V—FEEH L.
o, vy F T AI) XLAOHRITMA T, SR
DA T PIHUGIZ TR RMBNSE -T2, TN EEE
LT EX -7,

3.2 TILFRLY K

TV H =P HEROTNRRT NLT =X T 7 A L OfiET
DD T Z T AV N e~y F T e2ar7 ) 7oOMs%E
~NVFALy RMEL, REkTsZLExBHELE. 757
AV R vy FrrEAaT Y 7 OB ITERE L7 ALE
T, —HOWHETRE U T LV I— D oAERIND 7T 7 A
¥ MZOWTOREELT S . ZDT, T OWMEITE,
ENOT VA= DNOEREND T T T A MIRT L7
FGITAV RN e~y F T RaT Y TGS LTz AL
HThHd. £ZT, FALy RD, ZhEhpoT L I—
YNBEREND T T AL MZOWTw v F o FALE L
Aay Vo7 a7 LOICHRT S.
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GPU L CHRMICEITT D LT LW EEZLND.
ZD=®, GPU TIEKRKIEO LT RZLbd~v T
TEITV, TOMPEEHNT CPURITER~ v F 7
ORIETTS 2 &, miEfkEzAELE. ®iZ, GPGPU
BTNz T, GPU TOEDH#IZITHILS CPU TOULER
IZOWT, =V F ALy NMeafi Lz, £7z, GPUkIZ
1% NVIDIA #:0 CUDA % fv 7z,
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b, NLHIZT Vi —HEREZHIBR LT —2 2y b (7
L1 —YIERREDGE) HER LT,

T R—=RZEENDT —FHEIL, X T ER
38,415 = bV, FLA—PN8T728 = Y, 7T
AL B8 26,489,468 =2 R U THD.

4.2 EBRIRE

EEIL, HRTEKRZEDA—/—a 2 P2 —4F TSUB-
AME2.0 @ Thin / — FTHEIT L. #ELWEREREEICD
WTHE 1ITRT.

® 1 FEBRERE

Table 1 Computing Environment

CPU Intel Xeon 2.93 [GHz] (6 cores) x 2
Memory | 54 [GB]

OS SUSE Linux Enterprise Server 11 SP1
GPU NVIDIA Tesla M2050

CUDA | CUDA 4.1 (64bit)

BRI OFHRICIE UNIX @ “time” i~ FEFEHAL, X
DLW Z21TH5> 707 74 U 271 Intel VTune
Amplifier XE 2011 ZfFf L7=.

4.3 TYFUTTFILTYRILERATHRIEOTILTY
ALBHRDOER
#2103, TV A —HEREMOG A OFIATREF OFER T
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HD. TV XAAHBIZL ST, AU PF 1D CoCoozo
LR TRETH 89 o EElbEER L. g, 7L
H—H e~ F T TIE, AV T FAD CoCoozo &b~
THI 653 fFomi b EER L, A a7 Pk, £V )
ViR 483.1 fFOEE L Z R L TN 5.

® 2 TUA—FEREMOBE DORER
Table 2 Results of Improvements in the case of complete pre-

cursor data

R [sec]  REEM kb
FUTFNL 609.23
T =Y e F S (443.0)
S TIGTA N ey FS (27.61)
- 27 HIEk (72.46)
7T XLHEBIR 68.80 8.9 f&
STV ey FS (6.63) (65.3 %)
STGTRA N ey TF S (11.08) (2.5 %)
- 237 YIEHE (0.15) (483.1 %)

4.4 TILFRLY FEDHER

#31%, T AV EFRRFEOEEDO~LTF ALy Nl
KO GPGPULIZ L 2@t REL LR THD. T
Y XALOBEBIZE Y REATE BATH 3.0 50 &1k
ZER L, BICCPUI2 ALy RT, AU IDF L& HmL
T 15.9 o EE kA #Ek L.

® 3 TUA—FHERREOHE DR
Table 3 Results of Improvements in the case of incomplete

precursor data

e [sec] LM kb
FUTF 7752.82
T X ADY 2589.52 3.0 fi%
~NAFALy R (12-AL v R) 488.30 15.9 fi%
GPGPU 1302.57 6.0 fif
~NVFAL vy R (12-AL v K)
& GPGPU 427.97 18.1 1%

4.5 GPGPUIZ&55RIEDHER

EHEZTNATY ZLAHRICMA T GPGPU #E A L7
BHORRE LR3I L. GPGPU 28 A LGS, F
U oL il LTRI 6.0 ok 2 328 L7, I,
GPGPU Z—#DBITEA LT T T A b s vy TF
T DOEF DI LET S &, GPGPU HARIOT VLAY X
LHEIRE VK 138 fr0mdbaEH L=, £/, 7=
YZXLDHRE GPGPU AT, CPU~AF ALy K
fbx%f L, CPUI2 ALy RTHEITLIESGA, AU Y
L& L TR 18.1 iR o midi b 2 B L 7-.
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5. fEiR

RKEFFETIL, BEDIT AR MIURIT SV AT A TH D
CoCoozo DB #1TVY, 7 U THHE—T 77 A VIZ
T U H =Y OFERNZE SN THDHEITBNT, £8.9
fromEfbicR Lz, £72, =27 77 A NLDO—ETT
U —TDIERDIDVEEITBONTE, 730 XA0H
BICk > TR 3 BomdfbzER L, v /L F ALy i
£oT, 122y ROHE, ®EATND 15.9 (50 EiEl
WZHRE LT-. F£7-, GPGPU ¥ A L7854, WBRiE
RC, ZOMOHR EHHET, ¥ 18.1 fEDE#E LI
L7z, b omiEbic Lo TR SITIiZ & A E28be
T, WERETLIRERFEOEE FEICHD Z ERFREL
ot

Eiifz3

BEOGINCE L CTREA 2BIE%2 1Y £ L7z, CoCoozo @
BRI N—T DAL N—Th D, EEHINRETFICHT /N
TR, B BB, AH MAKICEBILF L EFET. F
7=, CoCoozo DBIFREUIED TE-H T/ T< L LT, kx
REERNCE 2 TVt & £ L, SE R R sem
REDREIR FEIAKIZHLE L LT E4.
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