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Abstract Nowadays, data management systems for massive scientific data are becoming more and more important due to
the rapid development of scientific instruments and computer simulation technologies. However, it seems that scientists tend to
avoid using conventional database systems, mainly from the following reasons: 1) learning the usage of database tools usually
takes long time; and 2) once scientific data being analyzed are loaded to a database system, one can no longer manipulate the
data using his/her application programs in a direct manner. On the other hand, HDF (Hierarchical Data Format), which is one
of universal formats for scientific data, provides rich functionalities for managing multiple large datasets and their meta-data.
However, HDF does not provide query functions, such as non-procedural query language, automatic parallelism, and
sophisticated index structures.

From the above mentioned observations, we propose a novel data management system based on HDF-EOS formatted file,
by extending functions necessary for managing and querying scientific data efficiently. As an initial step of our research project,
we have developed query functionalities powered by the WAH compressed bitmap index structure, which can be embedded in
the HDF-EOS file. We have conducted an experimental evaluation, and observed that the query performance is three times
faster than that without index.
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Sample HDF5 file with groups to provide structure, datasets, raster images, a palette
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#include “HE5_HdfEosDef.h”
#include “he5db.h”

int main(){
// HDF-EOS 7 7 A /v "aura.he5” & B <
hid_tfid = HES_Swopen(“aura.he5”,HSF_ADD_RDWR);
// SWATH 7 — # ”OMl data” % 7 ¥ v 5+ %
hid_t swid = HE5_SWattach(fid,“OMI data”);
//Longitude 7 4 —/V RIZEB 2533
HESDB_Createlndex(swid,”Temprature”,360);
//Latitude 7 4 — /L RICRBl 25T 5
HESDB_Createlndex(swid,”Temprature”,180);
//Temprature 7 4 — )V FIZRBl #2553
HESDB_Createlndex(swid,”Temprature”,100);
N7 7ANVERLT D
HE5 SWdetach(swid); HE5 _SWclose(fid);}

HF5DB_Createlndex BI#IX3 DB A H, Th
ZPNHRBIER TR ERD SWATH 5 —4 D 1D, 5| & 1E
R D7 4—NVR&, Bl LK TDHDDEMD 5 E
Lo TNWA.

Step2: M A ®EMAEERR TS

R A& 4 1%, HESDB SetQuery BI#KICTRIE T 5.
%72, HE5DB_ConbineQueries B THEH ORI & &
SHERBEMAETHIIELTES. AL ERR R
277 I 5F % LTI T,

// HDF-EOS 7 7 A /- ”aura.he5” % B <
hid_t fid = HE5_SWopen(“aura.he5”,
HSF_ADD_RDWR);
// SWATH 7 — #”OMl data” % 7 ¥ v 5+ %
hid_t swid = HE5_SWattach(fid, “OMI data”);

e REERET S
hid_t qidl = HESDB_SetQuery(swid,
“Longitude”,”>=",125);
hid_t qid2 = HESDB_SetQuery(swid,
“Longitude”,”<=",145);
hid_t qid3 = HESDB_SetQuery(swid,
“Latitude”,”>=", 25);
hid_t qid4 = HESDB_SetQuery(swid,
“Latitude”,”<=", 45);
hid_t qid5 = HESDB_SetQuery(swid,
“Temperature”,”>=", 200);
hid_t qid6 = HESDB_SetQuery(swid,
“Temperature”,”<=", 250);

AT EHEEHREKETS

hid t ql2 = HE3DB_CombineQuery(qidl, qid2,
HESDB_AND);
hid t q34 = HE3DB_CombineQuery(qid3, qid4,
HE5DB_AND);

hid_t q56 = HE5DB_CombineQuery(qid5,
qid6,HESDB_AND);
hid_t qall = HES5DB_CombineQuery(ql2, q34,
HE5DB_AND);
hid_t qall = HESDB_CombineQuery(qall, q56,
HE5DB_AND);

ZOHI T, HE5DB_ SetQuery BIEICL-» TR ESH
oM A e &ML AND HEICL> TRER A L TWD.
HE3DB_CombineQuery BIIZLY 2 DT 2K MFE2EE
LT,



Step3: A ®ZEITTS

HE5DB_ ExecuteQuery BE¥tDFEATICED, FiEici
BT HOMBELT A —VNERFELILD. Step2 (2
ek SN =5 %0724 Temperature 74—/ /LRZHL
B9 2%, L ToXIIcik 32,

int **pos, *result;
HESDB_ExecuteQuery(qall,”Temperature”,&pos,
&result);

1D pos TN EIEBREIWE T D7D DO/ T,

result (I7 44—V REZENTLHZDDOEDOTHD.
5. HRFE
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fhék a REBFKOBHA

* HESDB_Createlndex(hid_t *swid, char *fieldname,
int ndevide);

swid: X% L 72 % Swath 5 — % @ 1D
BElBERT D7 04—V R4
ndevide : &5l & AR T 2 720 O KM 055 EI 5.

fieldname :

+hid t HESDB_SetQuery(hid t *swid, char *fieldname,
char *comp, float value)

hid_tswid : xt§ & 72 % Swath 7 — & @ ID
MnabExtgo 7 r—L K4

char *fieldname :

char *comp : HEHE F (<, >, =, <=, >=, |=, ==)
float value : i3 % fE

RYE : MAE&Mticsd 5 ID
(RELEZBAIEROH)

* hid t HES5DB_CombinateQueries(hid t qid_a, hid t
qid_b, int OPERATION)

hid tqid a: AT 2ME®LED ID (£1)
hid tqid b: AT 2 EE LM ID (1)
ANZWEAEEF -1 2 ANRD
int OPERATION : [f] U Swath 5 — Z 2% L T9 TIZ
BREINTNWD
MnE b LM e oBfE
HE5DB_AND : i@ #2ff (qid_a AND qid_b)
HE5SDB_OR : #@#if1 (qid_a OR qid_b)
HE5SDB_XOR: #Efh /3@ B F1 (qid_a OR qid_b)
HE5DB_NOT : i # 4 & (NOT(qid_a))
RO : A SnizMaeEEicx+ 2 1D
(K L7=HE TR0 M)

«int HESDB_ExecuteQuery(hid_t *swid, char *fieldname,
int *pos[][], float *result[])

hid_t swid : & & x5O SWATH 7 — ¥ @ ID
HMAXRED 7 4 —N R4

int pos[][10]: #¥& T M O NALE (10 R IoT F THIE 7 EE)
float value[]: 7 4 —/V N{E

RO RO

char *fieldname :
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