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一､中文摘要 
在此計畫中，我們提出了一個嶄新的 

MP-tree 表示法來處理擁有大區塊(macro block)

的混合尺寸設計。基於二元樹的特性，MP-tree 可

以有效地並且有彈性地處理擁有許多不同限制的

大區塊擺置問題。對一給定的全域擺置結果，我們

所提出的大區塊擺置器將會最佳化大區塊的位

置、降低最佳化所造成的大區塊位移、並保留晶片

的中心區域給標準單元(standard cell)的擺置與

繞 線 。 由 在  ISPD＇06 placement contest 

benchmark 上所進行的實驗，我們所提出的大區塊

擺置器與 Capo 10.2、NTUplace3、或 mPL6 的結

合可以在穩固性(robustness)與品質(quality)上

大幅度地勝過學術界頂尖的混合尺寸擺置器。例

如，此一結合的方法可以修正兩組由 NTUplace3 所

產生的非法擺置，以及七組由 mPL6 所產生的非法

擺置，同時分別減少 7% 與 4% 的平均半周長

(HPWL)。 

關鍵詞：平面規劃、擺置、智財模組 

 
二､英文摘要(Abstract) 

In this project, we present a new multi-packing tree 
(MP-tree) representation for macro placement to handle 
mixed-size designs. Based on binary trees, the MP-tree is 
very efficient, effective, and flexible for handling macro 
placement with various constraints. Given a global 
placement, our MP-tree-based macro placer optimizes 
macro positions, minimizes the macro displacement from 
the initial macro positions, and maximizes the area of the 
chip center for standard-cell placement and routing. 
Experiments based on the eight ISPD’06 placement contest 
benchmarks show that our macro placer combined with 
Capo 10.2, NTUplace3, or mPL6 for standard-cell 
placement outperforms these state-of-the-art academic 
mixed-size placers alone by large margins in both 
robustness and quality. For example, the combined method 
can fix two and seven illegal placements from NTUplace3 
and mPL6, and further reduce their average half-perimeter 
wirelengths (HPWL’s) of the remaining legal placements by 
7% and 4%, respectively.  

Keywords: Floorplanning, placement, intellectual 
property module 
 
三､背景和目的 

Due to the use of IP (Intellectual Property) modules 
and embedded memories, a modern VLSI chip often 

consists of a significant number of macros. Mixed-size 
placement, which places both macros and standard cells, 
becomes more and more popular for real-world applications. 
In particular, the number of macros in a modern 
system-on-chip (SOC) design is expected to increase 
dramatically in the future [14]. As a result, many mixed-size 
placement flows/algorithms are proposed in the literature 
[2–5, 7–12] recently. 

According to the macro handling methods, we can 
classify the mixedsize placement algorithms into three types. 
The first type places macros and standard cells 
simultaneously. A disadvantage of this type is that a robust 
macro legalizer is needed since macros are not guaranteed to 
be overlap-free after the placement stage. Especially when 
the chip utilization rate is high, it is possible that no legal 
solution can be obtained. The simulated annealing based 
placers, Dragon [12] and mPG-MS [5], the min-cut-based 
placers, Feng Shui [3] and NTUplace [7], and the analytical 
placers, APlace [9], Kraftwerk [11], mPL [4], and 
NTUplace3 [8], belong to this type. 

The second type places macros constructively. Macros 
are guaranteed to be overlap-free during the placement 
process. Although this type of placers is usually more robust 
to find legal solutions, the wirelength may be longer than 
those from the first type. The min-cut floorplacer, Capo [10], 
belongs to this type. The fixed-outline floorplanning is 
applied when necessary during the min-cut placement 
process to ensure legal positions for macros.  

Because of the advantages of the third type placers, we 
adopt the two-stage mixed-size placement approach. Our 
work focuses on the first stage, macro placement, which is 
crucial for mixed-size placement since macro positions 
significantly affect the placement of standard cells and the 
final placement and routing quality. 
 

四､研究方法 
1. Mixed-Size Placement 

We adopt the two-stage mixed-size placement flow: (1) 
macro placement followed by (2) standard-cell placement. 
See Figure 1 for our mixed-size placement flow. After the 
circuit information is imported, a wirelength-driven global 
placement is applied to find global macro positions. Based 
on the given macro positions, our macro placer then 
determines the legal positions of macros in the chip region. 
With the objective of the macro displacement minimization, 
our macro placement algorithm results in better macro 
positions that lead to smaller wirelength in the later stage 
implicitly. The macro placement step plays an important 
role in the mixed-size placement. Finally, all macros are 
fixed and a standard-cell placer is then applied to place all 
standard cells in the available space. 

 



 
Figure 1: Our mixed-size placement flow. 
 

Our macro placement is based on a packing technique so 
we can easily find legal solutions even for the cases with 
large macros and/or a large number of macros. Also, many 
real-world constraints can easily be considered; for example, 
the macro orientations can be optimized and the spacing 
between macros for routing can be reserved, which are 
important for practical applications. 

 
2. Macro Placement 

Our design strategy is to pack macros inside the given 
region and to reserve the center region for standard-cell 
placement and routing. Since macros are usually large and 
there are routing blockages above macros in real-world 
applications, the macros tend to block the routes if they are 
placed in the chip center. Further, by minimizing the macro 
displacement, we can keep the desired wirelength implicitly 
since the given global placement is optimized for 
wirelength. 

The traditional packing floorplanning techniques cannot 
apply to the macro placement problem directly since they 
usually pack all macros to one corner. To overcome this 
problem, we propose a new multi-packing tree (MP-tree) 
floorplan representation to place macros along the given 
region boundary. We shall first consider the packing-tree 
floorplan representation. 

 
2.1 Packing-Tree Floorplan Representation 

A packing tree is a binary tree for modeling non-slicing 
or slicing floorplans. Each node in the packing tree 
corresponds to a macro. There are four types of packing for 
a packing tree. BL-, TL-, TR-, and BR-packing packs the 
blocks to the bottom-left, top-left, topright, and bottom-right 
corners, respectively. 

Figure 2 shows a packing tree and its corresponding four 
packing types. Let (xcorner, ycorner) be the coordinate of a 
corner (there are four corners in a rectangular region), (xi, yi) 
be the bottom-left coordinate of the block bi, and wi (hi) be 
the width (height) of the block bi. The coordinate of the root 
of a packing tree is at 

• (xcorner, ycorner) for BL-packing, 
• (xcorner, ycorner − hroot) for TL-packing, 
• (xcorner − wroot, ycorner − hroot) for TR-packing, and 
• (xcorner − wroot, ycorner) for BR-packing. 

If node nj is the right child of ni, the block bj is 
• the lowest adjacent block on the right with xj = xi + wi 

for BL-packing, 
• the highest adjacent block on the right with xj = xi + 

wi for TL-packing, 
• the highest adjacent block on the left with xj = xi − wj 

for TR-packing, and 
• the lowest adjacent block on the left with xj = xi − wj 

for BRpacking. 
If node nj is the left child of ni, the block bj is 

• the first block above bi with xj = xi for BL-packing, 
• the first block below bi with xj = xi for TL-packing, 
• the first block below bi with xj = xi + wi − wj for 

TR-packing, and 
• the first block above bi with xj = xi + wi − wj for 

BR-packing. 
Therefore, given a packing tree, the x-coordinates of all 
blocks can be determined by traversing the tree once in 
linear time. Further, a y-coordinate can be computed using 
the contour data structure in amortized constant time, 
similar to the method used in [6]. So the complexity of 
transforming a packing-tree to the corresponding placement 
is amortized linear time. Note that B*-tree floorplan 
representation [6] is a BL-type packing tree. 
 

 
Figure 2: A packing tree with its four types of packing. 

 
A packing tree handles only one direction of packing, 

and thus it is not suitable for our macro placement since all 
macros would be packed toward a chip corner. In the 
following section, we extend the packing tree to handle 
macro placement with placement constraints. 

 
2.2 MP-tree Floorplan Representation 

Since a packing tree always packs macros to a corner, we 
could apply the traditional hierarchical method by 
subdividing the chip into four regions, and create four 
packing trees to handle different regions. However, this 
approach has some limitations. First, the macros in a region 
must be placed inside the given region, which is over 
constrained because there is no real boundary between the 
regions. Further, assigning the regions for macros greatly 
affects the resulting placement because a macro cannot 
change its region once its region is assigned. As a result, we 
may not obtain a desirable placement because there is no 
interaction among different regions. 

To implement the global optimization idea, we resort to 
the multipacking tree (MP-tree) to handle the global 
interaction among different regions. An MP-tree combines 
several packing trees for different corners. Figure 3 shows 
an example general MP-tree. There are k branch nodes in an 
MP-tree to integrate k + 1 packing subtrees. We use a 
right-skewed branch to integrate the packing subtrees for the 
purpose of easier implementation. By doing so, the packing 
order of the subtrees can be determined by the level of the 
parent node of the packing subtrees. With the depth-first 
search (DFS) order of the tree traversal for packing, the 



smaller the level, the earlier the packing subtree packs 
blocks. If the parent of two packing subtrees is the same, the 
left packing subtree will be handled first. The general 
MP-tree can be used to model the placement in any 
rectilinear floorplan region with each packing subtree 
packing to one convex corner. 
 

 
Figure 3: A general MP-tree. 
 

The MP-tree structure directly induces a special 
hierarchical framework for the optimization of macro 
placement. Each packing subtree handles macros being 
packed to a corner, i.e., perform local optimization. A major 
drawback of the traditional hierarchical framework is that it 
lacks the global information for the interaction among 
subtrees (subproblems). Because of the branch structure in 
the MP-tree, unlike the traditional hierarchical framework, 
the interaction between different subtrees of an MP-tree is 
well preserved, facilitating the global optimization among 
all subtrees. It will be clear in Section 3 that the MP-tree 
leads to significantly better placement quality than that 
obtained by the traditional hierarchical method using 
independent packing trees. 
 

 
Figure 4: A packing example for an MP-tree with a 
BL-packing subtree and a BR-packing subtree. Adding a 
new block b4 to the placement, we search the contour and 
update it with the top boundary of the new block. 
 

To transform an MP-tree to its corresponding placement, 
each x-coordinate of a block can be determined by a DFS 
traversal, and the x-coordinate definition is the same as the 
packing tree. To compute y-coordinates, we keep two 
contours, the bottom contour and the top contour, which are 
initialized according to the bottom side and the top side of 
the given rectilinear region, respectively. Both BL- and 
BR-packing subtrees use the bottom-contour data structure, 
while the TL- and TR-packing subtrees use the top-contour 
one. The packing subtrees that use the same contour data 
structure always generate overlap-free placement results 
since the contour reserves the spaces of the traversed blocks. 
BL-/BR-packing subtrees, however, may overlap with 
TL-/TR-packing subtrees, and thus we should discard this 
kind of infeasible solutions. Figure 4 gives a packing 
example for an MP-tree with a BL-packing subtree and a 
BR-packing subtree. The packing order is b1, b2, b3, and b4. 
Adding a new block b4 to the placement, we search the 
contour and update it with the top boundary of the new 

block. It is clear that no overlap will occur when we process 
BL- and BR-packing subtrees. 
 
2.3 Operations on MP-tree 

We define the perturbation operations of the MP-tree for 
use in simulated annealing. An MP-tree is perturbed to get 
another MPtree by the following operations: 

• Op1: Rotate a block or a cluster. 
• Op2: Resize a cluster. 
• Op3: Move a node in a packing subtree to another 

place. 
• Op4: Swap two nodes within one or two packing 

subtrees. 
• Op5: Swap two packing subtrees. 

For Op1, we rotate a block or a cluster for a tree node. For 
Op2, we change the clustering dimension of a cluster. Note 
that Op1 and Op2 do not affect the MP-tree structure. For 
Op3, we select a node from a packing subtree, and move it 
to another place of the same or different packing subtrees. 
For Op4, we select two nodes from one (two) packing 
subtree(s), and swap them. For Op5, we swap two packing 
subtrees, and the packing order of two packing subtrees are 
exchanged. Note that the branch structure of an MP-tree is 
fixed and does not change by any type of operation. 
 
2.4 Evaluation of a Macro Placement 

To evaluate the quality of a macro placement solution, 
the cost of a macro placement F is defined as follows: 

( ) ,F A W D Oα β γ δΦ = + + +  
where A is the macro placement area, W is the total 
wirelength, D is the total macro displacement, O is the 
vertical overlap length, and α , β, γ, and δ are 
user-specified weighting parameters. The macro placement 
area, wirelength, macro displacement, and vertical overlap 
length are explained in the following. 

The macro placement area is the area under the bottom 
contour plus the area above the top contour. As shown in 
Figure 5(a), the contours are plotted by dashed lines, and the 
corresponding macro placement area is shown in Figure 5(b). 
Minimizing the macro placement area can make more space 
for the standard cells in the central region of the chip. By 
doing so, the routing between standard cells will be easier, 
and thus the routed wirelength will be smaller. 
 

 
Figure 5: (a) A macro placement solution and its top and 
bottom contours. (b) The corresponding macro placement 
area. 

Cost D is the total macro displacement, which is defined 
by 

2(| ' | | ' |) ,i i i i
blocks

D x x y y= − + −∑  

where (xi, yi) is the initial position of macro bi, and (xi’, yi’ ) 
is the current position of macro bi during simulated 
annealing. The quadratic penalty can prevent a single macro 



from having a large displacement. 
Our MP-tree representation can guarantee no overlaps 

between the top and the bottom packing subtrees. However, 
there may exist vertical overlaps between the top contour 
and the bottom contour. The penalty cost O for the vertical 
overlap can guide the simulated annealing to find a 
non-overlap solution. 
 
2.5 Macro Placement Flow 

Figure 6 shows the flow for our MP-tree macro placer. 
After reading LEF/DEF files, we cluster the macros for the 
designated performance macros, and the cluster dimension 
is initialized with the one closest to square since the square 
dimension usually leads to better results. Then, we create an 
MP-tree with its number of packing subtrees equal to the 
number of the corners in the placement region. If the region 
constraints are given, we need to create four subtrees for 
each region. Each macro/cluster corresponds to a node in a 
packing subtree. If an initial macro placement is given, we 
can assign the initial packing subtree to which a node 
belongs according to the nearest corner for the macro. 
Otherwise, we randomly set the initial packing subtree to 
which a node belongs. Each packing subtree is then 
initialized as a complete binary tree. 

 

 
Figure 6: Our MP-tree macro placement flow. 

 
Simulated annealing is used to find the desired macro 

placement. We perturb an MP-tree to get another MP-tree 
by the aforementioned operations described in Section 2.3. 
After perturbing, we fix the tree structure to satisfy the 
given macro placement constraints, pack the MP-tree, 
evaluate the macro placement, and decide whether we 
should accept the new solution or not according to the 
difference of the macro placement quality and the current 
temperature of simulated annealing. Then, the MP-tree is 
perturbed again. The simulated annealing continues until the 
solution is good enough or no better solution can be found, 
and all positions of blocks/clusters are determined. Then, the 
positions of macros inside a cluster can be computed 
according to the matrix dimension of the cluster. 

Finally, we adjust the spacing between macros. If the 
demand of the routing resource between two macros is 
higher than the original spacing, we add more space 
between the two macros; otherwise, we can reduce the 
original spacing to make the macro placement area smaller. 
We also orientate macros by horizontal/vertical flipping to 
make the pins closer to the chip center. Then, we fix all 
macros and report the final macro placement solution. 
 
3. Experimental Results 

To show the effectiveness and robustness of MP-tree, we 
conducted four experiments on an Opteron 2.6GHz machine. 
We used three state-of-the-art publicly available academic 
mixed-size placers, NTUplace3 [8], Capo 10.2 [10], and 
mPL6 [4]. Note that NTUplace3 achieves the best published 
results in most public benchmarks [8], Capo is the best 
min-cut based placer and mPL6 obtains the best quality 
considering wirelength and density at the 2006 ISPD 
Placement Contest [1]; both NTUplace3 and mPL6 are 
analytical placers. Table 1 shows the statistics of the 
ISPD’06 benchmarks. 
 

 
Table 1: The statistics of the ISPD’06 benchmarks. 
 
3.1 Comparison between MP-tree and Packing 

trees 
This experiment studies the difference between the 

MP-tree and the independent four packing trees described in 
Section 3.2. The method of using four packing trees is a 
simple extension to macro placement for a rectangular chip. 
We divided a chip into four sub-regions and created four 
different BL-/BR-/TL-/TR-packing trees in the 
corresponding sub-regions. Notice that although this 
extension for packing trees still can handle macro placement 
in a chip, it has many limitations; for example, it is much 
harder to deal with the region constraints that cross different 
regions. 

We used the ISPD’06 benchmarks with the 90% chip 
utilization rate, and the results are shown in Table 2. From 
the results, we observed that the MP-tree is more robust in 
finding legal placements for all benchmarks while the 
method with four packing trees cannot. For those 
benchmarks with legal placements, the MP-tree can further 
reduce the average HPWL by 8% under comparable running 
times, which shows the effectiveness of the MP-tree. 

 

 
Table 2: The resulting HPWL’s of using the MP-tree and 
four packing trees for macro placement (utilization rate = 
90%). NR: No legal results can be obtained. 
 
3.2 Integration with Other Placers 

In addition to NTUplace3, we also integrated our 
MP-tree with Capo 10.2 and mPL6, which are based on the 
min-cut and analytical placement techniques, respectively. 
Table 3 shows the results without and with the MP-tree 
based on the ISPD’06 benchmarks. Again, we used the 90% 
chip utilization rate for all circuits. Capo is robust in finding 
legal placements since macro positions are guaranteed to be 
overlap-free during the global placement. However, the 
quality is not good. Integrated with the MP-tree, Capo 10.2 
reduced the average HPWL by 12% than that without the 



MP-tree. We tried several times, but mPL6 alone could not 
obtain legal solutions for seven circuits. With the MP-tree, 
however, mPL6 can obtain legal solutions for all circuits. 
This shows that the MP-tree is robust in finding legal 
solutions. 
 

 
Table 3: The resulting HPWL’s and CPU times for different 
placers without (“w/o”) and with MP-trees (“MPT”) 
(utilization rate = 90%). NR: No legal results can be 
obtained. 
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一､參加會議經過 

ACM International Symposium on Physical Design (ISPD) is sponsored by ACM and 
is a premier conference on VLSI physical design automation. It is a great honor for a 
researcher to have a chance to present her/his work at this conference. This year’s 
event was held inAustin, Texas, U.S.A on March 18--21, 2007.  
 

二､與會心得 

This year we have two papers accepted by ISPD-2007, the most in the world. The first 
paper is entitled “X-architecture placement based on effective wire models” (joint 
work with my students T.-C. Chen and Y.-L. Chuang); this paper received the highest 
score in the review and was nominated for best paper. The abstract is as follows: 

 

In this paper, we derive the X-half-perimeter wirelength (XHPWL) model for 
X-architecture placement and explore the effects of three different wire models 
on X-architecture placement, including the Manhattan-half-perimeter wirelength 
(MHPWL) model, the XHPWL model, and the X-Steiner wirelength (XStWL) 
model. For min-cut partitioning placement, we propose a generalized 
net-weighting method that can exactly model the wirelength after partitioning by 
the net weight. The net-weighting method is general and can be incorporated 
into any wire models such as the XHPWL and XStWL models. For analytical 
placement, we smooth the XHPWL function using log-sum-exp functions to 
facilitate analytical placement. Our study shows that both the XHPWL model 
and the XStWL model can reduce the X wirelength. In particular, our results 
reveal the effectiveness of the X architecture on wirelength reduction during 
placement and thus the importance of the study on the X-placement algorithms, 
which is different from the results given in the previous work that the 
X-architecture placement might not improve the X-routing wirelength over the 
Manhattan-architecture placement. 



The 2nd paper is entitled “Efficient obstacle-avoiding rectilinear Steiner tree 
construction” (joint work with my students C.-W. Lin, S.-Y. Chen, C.-F. Li, and C.-W. 
Liu and Prof. C.-L. Yang). Its abstract is as follows: 
 
Given a set of pins and a set of obstacles on a plane, an obstacle-avoiding rectilinear Steiner 
minimal tree (OARSMT) connects these pins, possibly through some additional points (called 
Steiner points), and avoids running through any obstacle to construct a tree with a minimal 
total wirelength. The OARSMT problem becomes more important than ever for modern 
nanometer IC designs which need to consider numerous routing obstacles incurred from 
power networks, prerouted nets, IP blocks, feature patterns for manufacturability 
improvement, antenna jumpers for reliability enhancement, etc. Consequently, the OARSMT 
problem has received dramatically increasing attention recently. Nevertheless, considering 
obstacles significantly increases the problem complexity, and thus most previous works suffer 
from either poor quality or expensive running time. Based on the obstacle-avoiding spanning 
graph (OASG), this work presents an efficient algorithm with some theoretical optimality 
guarantees for the OARSMT construction. Unlike previous heuristics, our algorithm 
guarantees to find an optimal OARSMT for any 2-pin net and many higher-pin nets. Extensive 
experiments show that our algorithm results in significantly shorter wirelengths than all 
state-of-the-art works. 

 

In addition to ours, there were about 20 other papers presented at ISPD-2007. Based 
on those papers, the main research trends in VLSI Design Automation are physical 
design for manufacturability and methodologies for large-scale designs. Due to the 
advance in the nanometer IC technologies, devices ad wires are placed in very close 
proximity, and interconnect delay, instead of traditional gate delay, becomes a 
dominating factor in determining circuit performance. It is essential to simultaneously 
consider area, delay, power, noise, and manufacturability for the interconnect 
optimization in systems-on-a-chip design.  

三､建議 

I would like to suggest that NSC simplify the procedures for application for attending 
conferences abroad. Too much paper work or red-tape not only burdens the staff in 
NSC, but also affects the productivity and efficiency of a researcher. In my opinion, 
for example, writing a report like this one is absolutely unnecessary. 
A red-tape like this will just hurt the competitiveness of our country 
and benefits to nobody. I wish the requirement for writing such a 
report could be abolished in the near future. 
 



四､攜回資料名稱及內容 

1. Proceedings of the 2007 ACM International Symposium on Physical Design. 
2. Call-for-papers for the 2008 ACM International Symposium on Physical Design. 
3. Call-for-papers for the 2008 ACM/IEEE Design Automation and Test in Europe. 


