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FPGA-based Stochastic Biochemical Simulator

MASATO YOSHIMI,* YASUNORI OSANA,t YOW IWAOKA,t
YURI NISHIKAWA,t TOSHINORI KOJIMA,t YUICHIRO SHIBATA,ftt
NAOKI IWANAGA, 1t AKIRA FUNAHASHI,#t NORIKO HIROI,
Hiroak1l KiTANOtH and HIDEHARU AMANO!

This paper discusses an FPGA implementation and evaluation of a Stochastic Simulation
Algorithm (SSA) called the First Reaction Method. SSAs are widely known as rigorous
methods for simulating the stochastic behaviors of various biochemical systems, but also as
CPU-hogging applications due to vast repetition of the algorithm. This work accelerates
the execution by achieving high throughput with concurrent simulations of highly utilized
pipelined arithmetic units. For upgrading practical utility, the design stores intermediate
data in a BlockRAM so that reconfiguration is unnecessary for different target biochemical
systems. Benchmark results on an FPGA (Xilinx XC2VP70-5) have shown that the circuit
provides throughput of approximately 83 times and 95 times compared to software execu-
tion on Xeon 2.80 GHz when it was evaluated with biochemical models called TIS and D48S,

respectively.
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Stage | Slices™ | Mult.* | Block* | Freq.”

RAM | [MHz]

oooo 6 663 - - 134.6
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ooo 17 1,542 - - 106.7
ooo 1 48 - - 119.2
ooo 32 2,276 6 13 109.2

* XC2VP70-5 : 33,088 slices, 328 Multipliers and
328 BlockRAMs
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0 2 FRM-FPGA OOOOO
Table 2 Area evaluation of FRM-FPGA.

Module Slices™ Mult.* | Block* | Freq.*
RAM | [MHz]

FU 7,360 (22.24%) 26 81 106.43
DU 992 (2.99%) - 8| 106.32
CcuU 60 (0.18%) - 2| 143.88
FRM-UNIT 8,166 (24.68%) 26 18 | 106.56
FRM-FPGA | 24,496 (74.03%) 78 54 | 106.29

* XC2VP70-5 : 33,088 slices, 328 Multipliers and Block-
RAMs
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Fig.9 Output of LTS model (DSa) based on RTL-
simulation.
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Table 3 Breakdown of calculation time for executing
FRM-SW.

System N oo 0o 0o

%) | [seq]

TIS* 10 [ 42.18 | 0.1197 |0 0000 Olog(x)O

19.24 | 0.0546 | propensity 0000 (5a)0

12.83| 0.0364 |~ OOOO0O (1)d

25.76 | 0.0731 (000

100 | 47.05| 1.2519 |00 0000 log(x)D

20.27 | 0.5392 | propensity 0000 (5a)0

11.63| 0.3095 |+ 00000 (1)0

21.05| 0.5601 |O00O0O

1,000 | 49.37 | 12.9618 |0 0000 Olog(x)O

18.41 | 4.8324 | propensity 0000 (5a)0

10.36 | 2.7189 |+ O0D0ODO (1)0

21.87| 5.7413 |000O

D4S° 10 |47.73 | 0.1569 |0 0000 Olog(xz)0

22.85 | 0.0751 | propensity 0000 (5a)0
8.37| 0.0275 |+ 00000 (1)0

21.05| 0.0692 |O0O0O

100 [41.87 | 1.2735 000000 log(z)d

30.08 | 0.9149 | propensity 0000 (5a)0
8.66 | 0.2634 |7 00000 (1)0

19.39| 0.5897 | 000

1,000 [ 41.12 | 12.3787 |0 0000 Olog(xz)O

32.28 | 9.7154 | propensity 0000 (5a)0
7.12| 2.1432 |7 00000 (1)O

19.48 | 5.8637 (00O

04 0OOOOOOO

Table 4 Evaluation of calculation time.

System N 0000 [sec] goooo
SW HW |0SW/HWO
TIS* 10 0.2838 0.0527 5.3859
100 2.6607 0.1900 14.0004
1,000 26.2544 1.8835 13.9393
D4Ss°® 10 0.3287 0.0527 6.2395
100 3.0415 0.1900 16.0044
1,000 30.1010 1.8835 15.9816

* Totally Independent System o D = 4 System
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Table 5 Throughput evaluation.

System N oooooo oooooo
[Mcycles/sec] ooo

SW HW | DHW/SWO

TIS* 10 | 0.3524 11.3885 32.3146
100 | 0.0376 3.1572 83.9989

1,000 | 0.0038 0.3186 83.6324

D4S° 10 | 0.3042 11.3885 37.4366
100 | 0.0329 3.1572 96.0263

1,000 | 0.0033 0.3186 95.8888

* Totally Independent System o D = 4 System
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