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關鍵詞

(Abstract)
The architecture of a reconfigurable system consists of reconfigurable logic modules, classical 

non-reconfigurable logic modules, and (reconfigurable) interconnections/system buses for connecting those 
modules. A reconfigurable system typically integrates modules of different functions (e.g., microprocessors, 
multimedia units, communication units, embedded memory, etc) and improve logic density and flexibility by 
time-sharing. For the design of such a system, we need to consider the integration of large-scale circuit modules 
and temporal constraints for circuit performance optimization. Therefore, it is desired to effectively integrate 
various functional modules to optimize silicon area, timing, power dissipation (especially the dissipation due to 
logic reconfiguration), and at the same time satisfy the design constraints induced from the electrical effects such 
as crosstalk, clock skew, etc. This subproject intends to study the issues in physical design for the reconfigurable 
system, including (1) physical design for reconfigurable circuits (temporal floorplanning and placement), (2) 
integration of logic modules (large-scale circuit floorplanning, placement, routing, etc., and (3) modeling of 
electrical effects for the reconfigurable system.
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1. Background 

The architecture of a reconfigurable system consists of reconfigurable logic modules, classical 
non-reconfigurable logic modules, and (reconfigurable) interconnections/system buses for connecting those 
modules. A reconfigurable system typically integrates modules of different functions (e.g., multimedia units
[subproject #3], communication units [subproject #4], microprocessors, embedded memory, and other 
general-purpose functional units [subproject #2]) and improve logic density and flexibility by time-sharing. For the 
design of such a system, we need to consider the integration of large-scale circuit modules and temporal 
constraints for circuit performance optimization. Therefore, it is desired to effectively integrate various functional 



modules to optimize silicon area, timing, power dissipation (especially the significant dissipation due to logic 
reconfiguration), and at the same time satisfy the design constraints induced from the electrical effects such as 
crosstalk, clock skew, etc. This subproject deals with the issues in physical design for the reconfigurable system, 
including (1) physical design for reconfigurable circuits (temporal floorplanning and placement), (2) integration of 
functional units ([large-scale] circuit placement and routing), and (3) analysis electrical effects for the 
reconfigurable system.
1.1. Physical Design for  Reconfigurable Circuits 

A reconfigurable circuit improves logic efficiency by dynamically re-using hardware. Currently there is fast 
growing research interest in dynamically reconfigurable devices (DRD’s) (such as Dynamically Reconfigurable 
Field-Programmable Gate Arrays, DRFPGA) for reconfigurable computing. In a DRD, a large design can be 
partitioned into multiple stages to share the same smaller physical device at different time frames. Dynamic
reconfiguration of logic blocks and wire segments can be performed by reading the on-chip SRAM bits of each 
configuration in order.

Figure 1 shows the Xilinx DRD configuration model [1]. The DRD emulates a single large design through 
multiple configurations. Circuit configuration can be partitioned into multiple stages and stored in the 
configuration memory planes (CMPs), which consists of a two-dimensional array of configuration memory cells 
(CMCs). The DRD can hold only one active configuration at any time frame. Each configuration is called a 
micro-cycle, and one pass through all micro-cycles is called a user cycle. All combinational logic is evaluated, and 
flip-flop values are updated in one user cycle. The example target architecture consists of an array of augmented 
XC4000-style CLBs [1, 2]. Each CLB includes a set of micro registers (MRs) to hold the CLB results between
configurations. Every CMC of the original FPGA consists of eight inactive memory cells. MRs not only store the 
intermediate values of combinational logic for use in later micro-cycles, but also hold latch values for use in the 
next user cycle. A micro-cycle starts with saving all the CLB results of the previous micro-cycle in MRs, and then 
a new configuration is loaded into the active configuration memory. The loading process is called flash 
reconfiguration.

Unlike the traditional logic devices, the execution order of nodes in a DRD must follow their precedence 
(temporal) constraints. For example, a node in a combinational circuit must be executed no later than its outputs. It 
implies that a cut in a DRFPGA partitioning should be a uni-directional cut. Therefore, it is necessary to ensure the 
correct execution order of nodes. As an example, Figure 2 shows part of a design that has been partitioned into 
four memory planes in a DRD. Assume that a vertex requires a CLB and an interconnection requires an MR. Thus, 
the partitioning shown in Figure 2(a) needs five CLBs (# of vertices in the figure, max{w(Vi)}) and five MRs (# of 
interconnections in the figure, max{|Ii|}) while that shown in Figure 2(b) uses only three CLBs and three MRs. 
Therefore, the partitioning shown in Figure 2(b) is desirable.

Figure 2: Precedence-constrained (temporal) partitioning.

Due to the precedence (temporal) constraints, all stages of the physical design for DRDs must consider the 
execution order and minimize the reconfiguration costs (reconfiguration time, reconfiguration power, etc.) as well 



as the traditional costs (delay, area, etc). We describe the following physical design problems with the precedence 
(temporal) constraints as follows:

Temporal floorplanning: Given a set of circuit modules with precedence constraints among the modules, each 
with a fixed area, assign the modules into a chip so that a cost metric (area, wirelength, reconfiguration power, etc) 
is minimized.

Temporal placement: Given a set of circuit nodes with precedence constraints and a target DRD, place the 
nodes into the DRD so that a cost metric (total wirelength, reconfiguration power, etc) is minimized.

There is not much work on DRD placement, floorplanning, and routing. We formulated the temporal 
placement problem in [3] and presented a heuristic for handling the problem. Bazargan et. al. recently formulated a 
floorplanning problem for reconfigurable computing [4]. 
1.2 Integration of Functional Units

A reconfigurable system typically integrates a versatile set of functional units (e.g., multimedia units 
[subproject #1], communication units [subproject #2], microprocessors, embedded memory, and other 
general-purpose function units [subproject #6]). (Currently, designs with tens of millions transistors have been in 
production.) On one hand, designs with such high complexity need to handle large-scale circuits. On the other 
hand, the highly competitive IC market requires faster design convergence, faster incremental design turnaround,
and better silicon area utilization. Efficient and effective hierarchical design methodology and tools capable of 
optimizing large-scale circuits are essential for such large designs.

Figure 3. The multilevel framework for routing.

Traditional physical design algorithms do not scale well as the design size, complexity, and constraints 
increase, mainly due to their inefficiency, inflexibility in handling non-hierarchical data structures. We study in this 
project a multilevel framework to handle the physical design problems for large-scale circuits. A multilevel 
framework typically consists of two stages (see Figure 3), coarsening followed by uncoarseninging. The 
coarsening stage iteratively groups a set of circuit components (nodes, modules, nets, etc) based on a cost metric.
The uncoarsening stage iteratively ungroups a set of the previously clustered circuit components and then refines 
the design solution. Based on the multilevel framework, we propose to study the partitioning, floorplanning, 
placement, and routing problems to handle large-scale circuits. The multilevel framework for partitioning has been 
studied extensively in the literature (e.g., [5], Chaco [6], Metis [7], ML [8]) while there is not much work on
multilevel circuit placement [9] and multilevel routing [10]. The work [9] is based on the interior-point and the 
multipole methods, which obtains only slightly better wirelength but uses much longer running time than 
GORDIAN [11], a traditional placer. The work [10] considers only routability, which is not sufficient for modern 
performance-oriented circuit designs. Therefore, it is desirable to develop efficient and effective 
performance-driven multilevel frameworks for floorplanning, placement, and routing to handle large-scale circuits.
1.3 Optimization of Electr ical Effects
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2.3. Optimization of Electrical Effect  
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2.3.2. Techniques and Approaches
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