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A processor architecture of dynamic reconfigurable stream processing engine
DR-SPE is proposed. By using declarative query language, stream processing
engine is able to apply relational and arithmetic operations to stream data.
DR-SPE is a special purpose hardware for stream processing, which achieves
both of high processing performance by exploiting parallelism in target query
and ability for query registration and execution order of operations at runtime.
Available operations in DR-SPE are the same as ones in Streams on Wires.
In this paper, DR-SPE is implemented on a FPGA XC6VLX240T-1, and its
configuration time for operations and its performance are evaluated in real ex-
periments. The result of experiments shows that DR-SPE realizes 85 1 second
on configuration of operations, which overwhelms Streams on Wires. Simulta-

neously, DR-SPE achieves comparable performance with Streams on Wires,
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Table 1 Time for synthesis and place & route for each of sample queries.
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0 2 Streams on Wires 000000000000000O AlgebraDO0 1) 00000
Table 2 Algebra defined as operation elements in Streams on Wires (Cited from 1)).

(1) Projection Tays- s an(q) projection

(2) Selection oa(q) select tuples where field a contains true
(3)0o/o00D0 @a:(by,69) (@) arithmetic/Boolean operation a = by * b
(4) Union q1 U q2 union

(5) Aggregation

aggv:a(q)

aggregate agg using input field a,

agg € {avg, count, max, min, sum}

(6) Grouping q1 8Py q2(x) group output of q; by field ¢, then

invoke g2 with z substituted by the group

(7) Windowing q1 EE;,UC,L g2(z)  sliding window with size k, advance by [;
apply g2 with z substituted on each wind.;

t € {time, tuple}: time-, or tuple-based

(8) Concatenation | ¢1 ® g2 concatenation; position-based field join

— *
q
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Fig.2 Algebra circuit as building block of query plan (Cited from 1)).
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configuration of query plan for it.
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Fig.5 An overview of DR-SPE architecture.
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Fig.6 Operation unit.

0000000000000 0000000D0000000000000000000
0000000000000 000000000000O0o0o0oooooooooog
0000000000000 0000000000000000000 100000
000000000o0o0o0oo0O 1tuple/DO00O000OOOOOOOOOODOO
0000000000000 00000000DR-SPEODOODOODOOODOOOD
do0do0ob0oDOo0o0bOo0bOoobOo0oobOo1ooobobDo0oboboobooooa
goooooooo
0000 300000000 ODOoO0oobooooobooooobooooooooon
0000000ooooooo0o0ooooooODbR-SPEODOOOOOCOOOOOO
oo0o00o0o0o0ooooOooOO0o0oo0o0oooooooooooooooooooo
d0ooooooooooooo 3poOoOoOoCOOOOOUUOUOoOoOOUOoo
00oooO0OoooooOoO0o0oU0UOdoOoOO0oOoOoUOUO0OoooOoooooDOoOooOO
gooooooooOoooooo3oooboobo0oooooooboOooooboobooOooo
0000000000000 00DOoOOOg Streams on Wires 0 Algebra000 000
00000oooooooooo
3.2.1 O0ODOOOOOO
0e6000000C0OCODOOOperation UnitDO 0000000000 DOOOOOOOOO
0000000000000 000O000oooO0wpleD00000OOOOOOOODOO
O0resut 0000000000000 COOOOOODOOOOen0OO0O0O0OOOOresult

(© 2011 Information Processing Society of Japan



41 O0OO0O0OOO0O0OO0OOCOOOOOCOOOOO0OOCOOOO0OOCOOOOOOCOO

03 O000O0O0Oooooooooogo
Table 3 Available operations by each operation unit.
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Fig.8 A block diagram of switchbox architecture.
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Fig.9 A block diagram of stream input controller.
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Fig.10 A block diagram of stream output controller.
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Fig.11 A configuration of operation unit for Selection.

I
0 tuple

4

Operation

Operationi Operationi Operatlon

i Unit i i Unit i | Unit (1) i Unit
iOperationi Operation Operation iOperatlon
i Unit i | Unit (2) Unit (3) i Unit
Operation Operation Operation Operation
Unit (4) Unit (5) Unit (g) Unit (7)

f f f f
0 12 4-way Union O0OO0O0O
Fig.12 A configuration of switchbox for 4-way Union.

D000 resut 00000 MUXOOOOOOOOODODOOOOOOOenO MUXDOO
ALUOODOOCOO00ODDOCOO0O00O0 en0000C0COO0OODODOOOProjection
00000o0ooooooooooooooooooooogo

3.3.2 0D0/00000@q:(by,60) (D0

O0/O0000Uo0 ALv00oooouooooooooouooooooooog
OO000000 resut 0000000000000 result 000 variable0O0OOO0O0ODO

3.3.3 Unionl g1 U g20

0000d0ddooooooooo0oU00UooooDOfO UnionO0O0O0000O0OUnion
00000000 0000o00o0oDOO0000o0O0oOoDOO0D0ooOooOoUooOooooo
ooo

0120 4way U Union 0000000000000 00O0OOODOOOOO(2)O (3)

000000000 000000 Vol.4 No.2 35-51 (July 2011)

eis, eis; eis,

ANVANNYANN

not |[[nod mot

i aVe
1
CAM

3
k, 0
— clk

selecto l
h ¥
T cee I F— 1

result en

eos,
tuple

0 13 Windowing 0000000D00000DO0O0O0OOOO

Fig.13 A configuration of stream input controller for Windowing.
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Fig.17 A configuration of stream output controller for Grouping.
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oooooooogo

3.3.7 Concatenationl] g1 @ g200

Concatenation 0 0 0000000000000 ODODOOOOOOOOOOODODOOOO
00000000000000Concatenation 0100000000000 0OOOOOO/0O
O0000en0 00000000 DOO0OOODOOODOUOOOODOODOUDOUODOOOY
000000o0oooooooooooon

00000o00o0o000ooo00oooO0o00ooDooOoooo 1802000000
00 Concatenation 0 0000000000000 18000000000000O0DOODOO
O00DOend0000OO0DOOODOODODOOODOODOOOODOODOOODODOOOOODOO eis
000 Concatenation 0 0 0000000000000 0OD0O0OO0DODOODOOOOOODO
000 Concatenation 0 0000000000000 000 enDO00OO0OOO0O

O0O00OConcatenation 100 0000000000000 D0 en00O0O0OOOOOODO
0000000000000 0D00oO00ooDO00oD00oo0o0d0D endoooOO
0000000000000 0000o0oODoDoOoDO0O0O0O0OD 18000 Concatenation
ooooooo

4. 0O O

000000000 DR-SPEOOODOOOOCOOOOO DR-SPEOO 4000 FPGA
000000000000 00 XilinxISE 12.1 Logic Edition 00000000 XSTOO
ooboooooboog

ooooooOO0O0 000000000 DR-SPEOOOOOOOOODOOOODODO
000000000 Streams on Wires) 000000000000000O0D0O00O0OO

(© 2011 Information Processing Society of Japan



46 O0OO0OOOOOOOOOOOOOCOOOOOOCOOOOOCOOOOOOCOO

04 XC6VLX240T-1 00000
Table 4 A specification of XC6VLX240T.

oo 0oad
#. of Slice Registers 301,440
7. of Slice LUTs 150,720
#. of Slices 37,680
#. of BRAMUO 32 KBO 416
#. of DSP48 768

05 0000 DR-SPECOOOOOOO
Table 5 Parameters for synthesized DR-SPE.

oo O
Tuple bit width 96 bit
Operator bit width 32 bit
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06 O00O0OOOOOOOOOOODOODOOOODOO
Table 6 A result of resource usage for operation unit.

oo ooo
#. of Slice Registers 181
#. of Slice LUTs 483

07 O0O00O0O0O0OO0O0O0O0OOOO0OO0O0O0O0GOOOO0O

Table 7 A result of resource usage for switchbox.

oo ooo
#. of Slice Registers 22
#. of Slice LUTs 285

08 O0D000000O00DOOO0OO0OO0OOOO00O0DOO

Table 8 A result of resource usage for stream input controller.

oo gooo
#. of Slice Registers 24
#. of Slice LUTs 74

09 10x 1000000000000 UOODOOOUDOOO DR-SPEOOOOOOOOOOOOOO
Table 9 A result of resource usage for DR-SPE including 10 X 10 operation units.

0o ooo 0ooo
#. of Slice Registers | 20,038 6 %
#. of Slice LUTs 88,421 56 %
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0 10 Algebra00000000 Streams on Wires 0000000000000
Table 10 A result of resource usage for static queries by using Algebra.

Query | #. of Slice Registers | #.of LUTs
Q1 202 8
Q2 270 10
Q3 585 272
Q4 698 283

011 000000000000

Table 11 The number of required operation units for each query.

Query #. of units #. of Slice Registers #.of LUTs
Q1 2 362 966
Q2 4 724 1,032
Q3 11 1,991 5,313
Q4 15 2,715 7,254
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