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Abstract In this paper we describe the implementation and evaluation of a Julius-backended parallel and scalable speech
recognition system on the data stream management system *"System S" developed by IBM Research. Our experimental result
on our parallel and distributed environment with 4 nodes and 16 cores shows that the throughput can be significantly increased
by a factor of 13.8 when compared with that on a single core. We also demonstrate that the beam management module in our

system can keep throughput and recognition accuracy with varying input data rate.
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[Nodepools]
nodepool Computer[] := ("node0", "nodel")

[Application]

stream TCPData(data0 : Integer, datal : Float)
:= Source()["ctcp://some_address", csvFormat]{}

-> node(Computer, 0), partition["part0"]

stream LimmitedData(data0 : Integer)
:= Functor(TCPData)[datal >= 1.5]{}
-> node(Computer, 0), partition["part0"]

stream Average(avg : Integer)
:= Aggregate(LimmitedData<count(10),count(1)>)
[]{avg := Avg(data0)}
-> node(Computer, 0), partition["partl"]

Nil := Sink(Average)[“file:///average.csv”,
csvFormat] {}

-> node(Computer, 1), partition["part2"]
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Appendix

AT AD SPADE V¥ — A 2 — K

1 #define SRC_NUM 4
2 #define DEC_NUM 16

3
4 #define INPUTPARSER_BLOCKSIZE 512*1024
5 #define DEFAULT_BEAM 400

6 #define INPUTRATE_AGG_RANGE 10

7

8 #define SRC_HOST st00
9 #define CMD_HOST se00
10 #define SNK_HOST sa07
1
12 [Application]
13 ssr
14
15 [Libdefs]
16 incpath "~/udoplib/julius-4.1.4/libjulius/include/"
17 incpath "~/udoplib/julius-4.1.4/libsent/include. fix/"
18 libpath "~/udoplib/julius-4.1.4/libjulius/"
19 libpath "~/udoplib/julius-4.1.4/libsent/"

61 for_end

62

63 # — SPEECH DECODER MODULE (@j) : Decoder@j*
64

65 for_begin @j 0 to DEC_NUM - 1

66 bundle B_Decoder@)j_SpeechTag := ()

67 for_begin @i 0 to SRC_NUM - 1

68 B_Decoder@j_SpeechTag += Input@i_SplitTo@j

69 for_end

70

71 stream Decoder@j_Transcription(id: String, transcription: String,

72 nsamples: Integer, beam: Integer, itime: Long)

73 := Udop(B_Decoder@j_SpeechTag|:] ; BeamMan_Beam) ["SpeechDecoder"]
74  {beam="DEFAULT_BEAM"} -> node(n_dec, @j), partition["p_dec@;"]
75 for_end

76

77 # — (SINK) : Sink*

78

79 bundle B_Sink_Transcription := ()

20 libs "julius” 80 for_begin @j 0 to DEC_NUM - 1

21 libs "sent" 81 B_Sink_Transcription += Decoder@j_Transcription

22 82 for_end

23 [Nodepools] 83

24 nodepool n_src[] "st00") 9 84 stream Sink_Result(id: String, transcription: String, nsamples: Integer,
25 nodepool n_dec[] : 85 beam: Integer, itime: Long, otime: Long)

26 ("st05","st06","st07","st08","st05","st06","st07","st08", 7| 86| := Functor(B_Sink_Transcription[:]) [] {otime := timeMicroseconds()}
27 "st05" t05","st06","st07","st08") 87 -> node(n_src, 0), partition["p_src_otime"]

28 nodepool n_misc(] := ("se00") 88

29 89 stream Sink_TrainingData

30 [Program] 90 (nsamples: Integer, itime: Long, otime: Long)

31 | 91 := Functor(Sink_Result) [] {

32 # — INPUT PARSER MODULE (@i) : Input@i* 92 -> node(n_src, 0), partition["p_src_otime"]

33 93

34 for_begin @i 0 to SRC_NUM - 1 94 Null := Sink(Sink_Result)

35 stream Input@i_Source(id: String, speech: ShortList, nsamples: Integer) 4| 95 ["ctcp://SNK_HOST:6281/", csvormat, noDelays]{}

36 := Source() ["stcp://SRC_HOST.627@i/", 96 -> node(n_misc, 0), partition["p_misc_sinkt"]

37 udfbinformat="InputParser", blockSize = INPUTPARSER_BLOCKSIZE, noDelays] {} 97

38  -> node(n_src, 0), partition["p_src_r@i"] 98 # — INPUT RATE MODULE : InputRate*

39 | 99

40 stream Input@i_SpeechTag e 100 stream InputRate_Agg

41 (id: String, speech: ShortList, nsamples: Integer, itime: Long, selector: Integer) 101 (sum_ns: Integer, last_ns: Integer, max_itime: Long, min_itime: Long)
42 := Functor(Input@i_Source) [] { itime := timeMicroseconds(), 1/102 := Aggregate(B_Input_ITime[:] <count(INPUTRATE_AGG_RANGE), count(1)>)
43 selector := mod(tolnteger(segNum()) + @i * DEC_NUM / SRC_NUM, DEC_NUM) } 103 [] { Sum(nsamples), Last(nsamples), Max(itime), Min(itime)}

44 -> node(n_src, 0), partition["p_src_r@i"] 104 -> node(n_misc, 0), partition["p_misc_beam"]

45 105

46 for_begin @j 0 to DEC_NUM - 1 106 stream InputRate(irate: Double)

47 stream Input@i_SplitTo@j 9_ 107 := Functor(InputRate_Agg) []

48 (id: String, speech: ShortList, nsamples: Integer, itime: Long, selector: Integer) 108 {(1000000.0d / 16000.0d) * toDouble(sum_ns - last_ns) / toDouble(max_itime - min_itime) }
49 for_end {109 -> node(n_misc, 0), partition["p_misc_beam"]

50 := Split(Input@i_SpeechTag) [selector] { 110

51 -> node(n_src, 0), partition["p_src_r@i"] 111 # — BEAM MANAGER MODULE : BeamMan*

52 112

53 stream Input@i_ITime(nsamples: Integer, itime: Long) Q 113 stream BeamMan_Command(command: String)

54 := Functor(Input@i_SpeechTag) [] { 4]114 := Source() ["stcp://CMD_HOST:6280/", csvFormat, noDelays] {}

55  ->node(n_src, 0), partition["p_src_r@i"] 115 -> node(n_misc, 0), partition["p_misc_beam"]

56 for_end {116

57 9 117 stream BeamMan_Beam(beam: Integer)

58 bundle B_Input_ITime := () ’{|118 := Udop(BeamMan_Command ; Sink_TrainingData; InputRate)

59 for_begin @i 0 to SRC_NUM - 1 119 ["BeamSetter"] { beam="DEFAULT_BEAM", agg_range="INPUTRATE_AGG_RANGE" }
60 B_Input_[Time += Input@i_[Time 120 -> node(n_misc, 0), partition["p_misc_beam"]
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