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摘 要 

利用质谱数据搜索蛋白质序列数据库是当前最常用的规模化蛋白质鉴定方法。面对

海量质谱数据、不断增大的蛋白质数据库以及翻译后修饰所共同带来的大规模计算需

求，并行计算能够在对鉴定精度无影响的前提下对数据库搜索起到绝对加速的效果，因

此成为蛋白质序列数据库搜索的主流加速方法。在高性能并行计算中，关键技术在于优

化节点内的计算效率，节点间的负载均衡和通信效率，以获得并行系统的高性能。 
 
本文在 pFind 单机版的基础上，通过对 pFind 引擎内部各个模块的热点进行了深入

的分析，建立了针对 pFind 引擎内核的运行时间预测模型，并由此在基于主从模式的并

行架构下设计出动态调度和静态调度两种算法，在多个不同数据集和不同集群环境的百

核规模测试中都达到了近似线性的高效加速。 
 
随着处理器核数从 96 增加到 320，pFind 并行系统在 Ruedi 数据集上出现了加速比

的严重下降，主要原因在于主从节点的 I/O 太多导致加速比的下降。为了能够在大规模

集群上取得高效加速，我们进一步实现了多级主从模式来减少 I/O。我们分别对两个数

据集进行了大规模集群下的加速比实验，均取得了较好的加速性能：在 512 核规模下，

Ruedi 数据集（包括 190,711 张串联质谱）的加速比为 452.17，加速效率达到 88.32%；

在 1,024 核规模下，SIBS 磷酸化数据集（包括 1,366,609 张串联质谱）的加速比为 763.94，
加速效率达到 74.60%。 

 
到目前为止，pFind 并行版已经成为本实验室进行大规模数据分析的主流平台，同

时已经成功安装部署到国内多个集群平台上。最为重要的是，在并行系统的强有力支持

下，pFind 研究组在 ABRF iPRG 2010 年的国际评测中表现得非常出色。 
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Research on the acceleration of pFind based on cluster of hundreds of processors 
 

Wang Wenping (Computer Architecture) 
Directed By He Simin 

 
Database searching based on mass spectra is the most widely used approach for 

the large-scale protein identification. There are many reasons leading to a significant 
explosion of computational demand in database search. As the computational demand 
increases, parallel computing has become an important solution for speeding up 
proteomics data analysis. In parallel computing, the key issue is computation 
efficiency of each processor, load balancing and the efficiency of communications 
among different processors.  

 
Based on the recognition of the characteristics of database search, we discuss 

several factors which could affect the runtime of the pFind search engine and build an 
estimation model. Based on this model, effective dynamic and static scheduling 
methods were developed. In different experiments, both of the scheduling methods 
almost achieve a linear speedup. 

 
However, in the experiment on the Ruedi dataset, the speedup of parallel pFind 

sharply decreases with processors increasing from 96 to 320, which is caused by the 
low efficiency of communications between the master and the slaves. As a result, a 
multi-level master-slave mode has been developed to reduce the communications. 
With an experiment on the Ruedi dataset consisting of 190,711 tandem mass spectra, 
the speedup on 512 processors is 452.17 and the efficiency is 88.32%. On the SIBS 
dataset consisting of 1,366,471 tandem mass spectra, the speedup on 1,024 processors 
is 763.94 and the efficiency is 74.60%. 

 
To date, parallel pFind has become the main platform for the large-scale database 

search in our lab, and also has been installed in many domestic clusters. Most 
importantly, with the help of parallel pFind, we have showed an excellent 
performance in the ABRF iPRG 2010 study. 
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