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Abstract: This paper describes the application of parallel algorithms for analyzing the
electronic packages and PCB’s in a fast and efficient manner. The effectiveness of
multithreading at various stages of the analysis has been illustrated. The application of
distributed computation to further accelerate the solution process is demonstrated.
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I.Introduction

Current advances in computer technology are rapidly bringing what was once thought
to be impossible to within the reach of every day users. Today, we see computer simulations
replacing experimentation in the field of package and board analysis. Dramatic improvements
in the performance and reductions in cost of performing large scale simulations have made
these changes feasible. With the advent of dual-core and quad-core machines, and the
powerful 64-bit platforms, the electrical package analysis can be performed more efficiently,
with corresponding reductions in the turn-around time.

This paper applies the multithreading and the distributed computation to the
package/board analysis. The advantages of applying parallel algorithms to various stages of
the analysis flow have been demonstrated with the help of several examples. Critical issues
that ultimately control the efficiency have been discussed.

II. Multithreading

Multithreading is the capability of being able to use multiple threads of execution
simultaneously in an application. When an application is run, it is called a process and each of
these processes contains at least one thread (or many concurrent threads). A typical flow for
the electrical package analysis is presented in Fig.1. The electrical package analysis tools can
take advantage of multithreading at various stages of the flow.
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Fig.1. Electrical package analysis flow.

It is important to identify the most time consuming stages, and target them for parallel
simulation. For example, in the preprocessing stage, the electrical characterization of traces,
coupled lines, vias, pads, etc. can be done in parallel by using multiple threads. In addition,
one needs to distinguish between logical and physical processors on the machine, and be
intelligent enough to make efficient use of them. A physical processor is the actual CPU,
while the Hyper-Threading technology makes it appear as two logical processors. It only
provides thread-level parallelism on each physical processor by pipelining certain parts of
instruction evaluation. As a result, one doesn’t gain much by Hyper-Threading, especially
when the parallel operations are similar in nature.
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Fig.2. Scaling of CPU time as a function of number of processors for Pad modeling.



This is illustrated with the help of an example, as shown in Fig.2 and 3. The trace and
pad characterization stages have been carried out in parallel by using multiple threads. The
simulations have been carried out on an EM64T machine with four physical processors
running at 3192MHz and having 16GB of physical memory. The computational efficiency is
presented as a function of number of processors. It can be seen that good scaling performance
has been obtained as a function of CPU numbers, which is an indicator of well balanced loads
to the processors. These characterization stages use math kernel libraries that are
independently threaded by OpenMP. Care should be taken to balance the threads among the
host and the libraries to avoid overloads.
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Fig.3. Scaling of CPU time as a function of number of processors for transmission line
modeling.

II1. Distributed Computation

In section II, we presented multi-threading on a single machine, which is a shared
memory type of architecture. This section deals with distributed computing, which is
becoming popular due to the advent of high speed computer networks. The basics flow of
distributed computing are illustrated in Fig. 4 as implemented in the package analysis tool.

The host communicates with remote servers through sockets, which is a generalized
communicated scheme that is independent of operating system. It controls the frequency band
splitting, and creates separate designs for each server. The simulation data is dynamically
passed back from servers, and stored at the host. The scheme allows mixing a 32-bit and 64-
bit OS, thus allowing flexibility in a corporate environment. Note that each server can access
multiple CPUs, if available, of itself.
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Fig. 4. Schematic of distributed analysis flow.

The scheme has been tested by using a 32-bit machine as host, and two 64-bit machines as
servers. When the simulation is done by the host and one server, the total simulation is faster
by a factor of 1.88, and when the second server is added, the scaling factor turned out to be
2.65. This includes the time for data exchange, and the network delays.
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