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Abstract: Time-series data are widely used in industrial manufacturing, meteorology, ships, electric power, vehicles, finance, and other
fields, which promotes the booming development of time-series database management systems. Faced with larger data scales and more
diverse data modalities, efficiently storing and managing the data is very critical, and data encoding and compression become more and
more important and are worth studying. Existing data encoding methods and systems fail to consider the characteristics of data in different
modalities thoroughly, and some methods of time-series data analysis have not been applied to the scenario of data encoding. This study

comprehensively introduces the multimodal data encoding methods and their system implementation in the Apache IoTDB time-series
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database system, especially for the industrial Internet of Things application scenarios. In the proposed encoding methods, data are
comprehensively considered in multiple modals including timestamp data, numerical data, Boolean data, frequency domain data, text data,
etc., and the characteristics of the corresponding modal of data fully are explored and utilized, especially the characteristics of timestamp
intervals approximation in timestamp modality, to carry out targeted data encoding design. At the same time, the data quality issue that
may occur in practical applications has been taken into consideration in the coding algorithm. Experimental evaluation and analysis on the
encoding algorithm level and the system level over multiple datasets validate the effectiveness of the proposed encoding method and its
system implementation

Key words: data encoding; time-series data; database; industrial Internet of Things; multimodal
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8: gl=calgrid(tit,grid);

9: dl=caldiff(tl,grid);

10: end;

11:  if flag==True then

12: buffer.append(bitpacking(gl));
13: buffer.append(bitpacking(tl));
14:  else

15: buffer.append(bitpacking(dl));
16: end;

17: return buffer;
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2023-04-07 113147134 [pool 1210708 Recovery Thread: Pool-1] INFO o0.a.d.e.fMemTableFlushTask:99 - The memTable size of SG root.In\0 lhe x *&$
pool-12-10TDB-Recovery-Thread-Pool-1] INFO o.a.i.d.e.f MemTableFlushTask:188 - Storage group root.In\O memtable B
B\jl‘aj 023 04 07 11:31:47,763 pool-12-10TDB-Recovery-Thread-Pool-1] INFO o.a.id.e.v.SimpleFileVersionController:113 - Version file updated, previous: E\thu\lo(db
= bool-12-10TDB-Recovery-Thread-Pool-1] INFO o. TDBThreadPoolFactory:174 - new single scheduled thread pool: Compaction_
2023 04 07 11 31 47 765 [pool-12-10TDB-Recovery-Thread-Pool-1] INFO o.a.i.d.e.s.VirtualStorageGroupProcessor:548 - The virtual storage group root.In[0] is rec
2023-04-07 11:31:47,767 [pool-12-1oTDB-Recovery-Thread-Pool-1] INFO o.a.i.d.c.loTDBThreadPoolFactory:174 - new single scheduled thread pool: WAL-Trim-ro
2023-04-07 11:31:47,771 [pool-12-loTDB-Recovery-Thread-Pool-1] INFO o.a.id.e:s.v. 281 - Storage Group root.In has been recovered 1/1
2023-04-07 11:31:47,838 [main] INFO o.a.i.d.c.loTDBThreadPoolFactory:68 - new fixed lhread pool: UpgradeThread, thread number: 1
2023-04-07 11:31:47,842 [main] INFO o.a.i.d.s.UpgradeSevice:97 - finish counting upgrading files, total num:0
2023-04-07 11:31:47,843 [main] INFO o.a.i.d.s.UpgradeSevice:76 - Waiting for upgrade task pool to shut down
2023-04-07 11:31:47,846 [main] INFO o.a.i.d.s.UpgradeSevice:78 - Upgrade service stopped
2023-04-07 11:31:47,847 [main] INFO o.a.i.d.c.loTDBThreadPoolFactory:68 - new fixed thread pool: Settle, thread num lj\”i
2023-04-07 11:31:47,853 [main] INFO o.a.i.d.s.SettleService:150 - Waiting for settle task pool to shut down
2023-04-07 11:31:47,854 [main] INFO o.a.i.d.s.SettleService:152 - Settle service stopped
2023-04-07 11:31:47,859 [main] INFO 0.a.i.d.w.iSingleFileLogReader:144 - open WAL file: tlog.bin size is 0
2023-04-07 11:31:47,864 [main] INFO o.a.i.d.e.c.C QueryT. - C QueryTaskPooll is initializing, thread number: 4
2023-04-07 11:31:47,874 [main] INFO o.a.i.d.w.i.SingleFileLogReader:144 - open WAL 'lle cqlog.bin size is 0
2023-04-07 11:31:47,877 [main] INFO o.a.i.d.c.loTDBThreadPoolFactory:174 - new single scheduled thread pool: CQ-Task-Submit-Thread
2023-04-07 11:31:47,878 [main] INFO o.a.i.d.e.c.Conti yService:136 - Conti query service started.
2023-04-07 11:31:47,879 [main] INFO o.a.i.db.service.loTDB:201 - Congratulation, loTDB is set up successfully. Now, enjoy yourself!
2023-04-07 11:31:47,879 [main] INFO o.a.i.db.service.loTDB:138 - IoTDB has started. =
2023-04-07 12:02:18,394 [pool-17-10TDB-RPC-Client-1] INFO o.a.i.d.s.t.i.TSServicelmpl:1188 - loTDB server vers ﬁ$‘5
2023-04-07 12:02:21,179 [pool-17-10TDB-RPC-Client-1] INFO o.a.i.d.c.loTDBThreadPoolFactory:68 - new fixed tl @dery, thread number: 8
2023-04-07 12:02:46,449 [pool-3-1oTDB-! umedQuerySqlCoum 1] INFO o.a.id.s.b.QueryFrequencyRecorder:42 - Query count in current 1 minute 1
2023-04-07 12:05:16,623 [pool-25-10TDB-Query-3] INFO o.a.i.d.c loTDBThreadPooIFactovyG& new fixed thread pool: Sub, Ranuevy thread number: 8
2023-04-07 12:05:17,540 [pool-17-1oTDB-RPC-Client-2) INFO o.a.id.e.s.TsFileProcessor:178 - create a new tsfile p
2023-04-07 12:05:17,546 [pool-17-10TDB-RPC-Client-2] INFO o.a.i.d.w.n.ExclusiveWriteLogNode:98 - create the WAL folder E \thu\xotdb 0 13\data\wal\root.| In\O
2023-04-07 12:05:17,546 [pool-17-10TDB-RPC-Client-2] INFO o.a.i.d.c.loTDBThreadPoolFactory:106 - new single thread pool: WAL-Flush-root.In\0-168084031752
2023-04-07 12:05:19,686 [pool-17-10TDB-RPC-Client-2] INFO o.a.id.e.s.TsFileProcessor:693 - The avq series points num 100000 of tsfile E:\thu\iotdb-0.13\data\d
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