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Abstract

Modern high performance design requires using a large number
of buffers. In practice, buffers are organized into buffer blocks
and planned in the early stages of design process [1]. Thus, the
locations of buffer blocks are usually fixed prior to routing tree
construction. In this paper we present the first algorithm for
simultaneous routing tree construction and buffer insertion for
multiple-pin nets under fixed buffer locations. Given a source
and n sinks of a net, the required arrival time associated with
each sink, and m buffers with fixed locations, our algorithm can
construct a routing tree for this net with possible insertion of
buffers at given locations such that the required arrival time at
the source is maximized. Experimental results show that our al-
gorithm is efficient to handle fixed buffer location constraints and
can also be used for routing tree construction without buffer in-
sertion. Moreover, it can handle obstacles and congestion which
will benefit its adaption in a global router. Compared to the
well-known BA-tree algorithm [2] followed by a post-processing
step for handling fixed buffer location constraints, our algorithm
outperforms it by up to 46% in terms of delay while using com-
parative wirelength.

1 Introduction

Rapid scaling of IC technology leads to much smaller and
faster devices, but more resistive interconnects with a large
coupling capacitance. This makes interconnect delay a dom-
inant factor in determining the overall performance [3]. Many
interconnect performance optimization techniques have been
studied extensively, such as topology construction, buffer
insertion, driver sizing, wire sizing and spacing (see [4] for
a tutorial). Among them, buffer insertion is the most ef-
fective way to improve interconnect performance. It has
been shown that without buffer insertion, the interconnect
delay for a wire of length [ increases at the rate of O(I?)
without wiresizing, or O(IV/1) with optimal wiresizing, but
it only increases linearly under proper buffer insertion [5].
As the intrinsic delay of a buffer decreases and the chip
dimension increases, a large number of buffers are needed
to be inserted for a high-performance design (e.g., close to
800,000 for 70nm technology, as estimated in [3]). These
buffers need to be planned as early as possible to ensure
timing closure and design convergence because a large num-
ber of buffer insertions may greatly change the floorplan,
complicate the power/ground routing and make it difficult
to incorporate hard IP cores. Currently, in industry, buffer
planning is mainly done manually during floorplan stage due
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to lack of good tools and methodologies. Recently Cong et
al. proposed the BBP algorithm [1] which can automat-
ically generate buffer blocks for interconnect optimization
during floorplanning. As an example, we show a floorplan
with buffer block planning in Figure 1 (for simplicity we only
show the pins of one net). Once the buffer planning is done
in either way, the locations of buffers are fixed. It imposes
constraints for routing tree construction when buffer inser-
tion is needed; that is, buffer insertion can only occur at the
given places. We call the problem routing tree construction
under fized buffer locations (RFB problem).
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Figure 1: An example of floorplan with buffer block planning
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An important early work on buffer insertion was done by
van Ginneken who presented a polynomial time algorithm
[6] using dynamic programming for delay optimal buffer in-
sertion on a given tree topology. After that, several algo-
rithms on simultaneous routing and buffer insertion have
been proposed, such as the algorithm in [7] which combined
the P-Tree algorithm with buffer insertion, and the BA-tree
algorithm [2] which combined the A-tree algorithm [8] with
buffer insertion in a bottom-up fashion. Though these algo-
rithms can efficiently construct a buffered routing tree, they
can not handle any constraint on buffer locations, i.e., they
assume that a buffer can be inserted at any place, which
may be impractical due to the pre-placed buffer blocks and
the restriction imposed by the design hierarchy mentioned
above. Moreover, they can not handle obstacles and conges-
tion in the routing region. The GA-tree algorithm [9] is the
only performance-driven routing tree construction algorithm
we know that can handle obstacles and routing congestion.
But it does not consider buffer insertion.

Recently Zhou et al. proposed an algorithm [10] which
deals with restriction on buffer locations during simultane-
ous routing and buffer insertion. The restriction is modeled
by the presence of a set of blocks that allow wires to pass
but are obstacles for buffer insertion. Their algorithm works
for 2-pin nets only. It can find a path from source to sink
such that the Elmore delay is minimized using feasible buffer
insertion. Since this algorithm can only handle 2-pin nets,
its application is limited.

In this paper, we present an algorithm named RMP (Re-
cursively Merging and Pruning), to address the RFB prob-
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lem. It uses the dynamic programming approach to con-
struct the routing tree with buffer insertion under fixed
buffer locations in a bottom-up fashion. Our algorithm can
construct a performance-driven topology with possible inser-
tion of buffers at given locations. It can also handle obstacles
and routing congestion.

The remainder of this paper is organized as follows. Sec-
tion 2 presents some preliminaries and the problem formu-
lation. Our algorithm is described in Section 3. The experi-
mental results are shown in Section 4 followed by conclusions
and future work in Section 5.

2 Preliminaries and Problem Formulation

The task of our algorithm is to construct a routing tree for a
net under given fixed buffer locations such that the required
arrival time at the source is maximized. The routing tree
is constructed on a routing graph derived from the floorplan
solution. Given a floorplan with buffer block planning, be-
fore a net is routed, its routing graph is set up based on the
floorplan and current routing status. A buffer block that has
unused buffers (buffers not being used by other nets), and
is in the bounding box of a net is regarded as an available
buffer of this net. In the routing graph, source, sinks and
available buffers of this net are connected by edges. These
edges are not allowed to cross obstacles, and some edges may
be removed due to high routing congestion over it. Therefore
the routing tree constructed in the routing graph can avoid
obstacles and high routing congestion areas. After a net is
routed, the number of unused buffers in buffer blocks and
the overall routing congestion information will be updated.
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Figure 2: A routing graph derived from a floorplan with
buffer block planning

Figure 2 shows a simple 2-dimension Hanan grid-based
routing graph induced on pins and buffer blocks generated
from the floorplan shown in Figure 1. Of course the routing
graph may not be restricted to the Hanan grid on a single
layer. In practice, we can use a multi-layer routing graph
derived from either the channel intersection graph or an un-
derlying routing grid for a global router. In this paper, we
consider the routing tree construction under fixed buffer lo-
cations for a single net only. However, our algorithm can be
used in a global router repeatedly to route multiple nets.

We classify the nodes in the routing graph G = (V, E)
into four types:

source node : node occupied by the source of the net
sink node : node occupied by a sink of the net
buffer node : node occupied by an available buffer
vacant node : node other than the above three types

The routing tree construction under fized buffer locations
(RFB) problem is stated as follows.

Given: a routing graph G = (V| E),

1) a source node so € V and n sink nodes s1, 82,. .., 8, €
V of a net S,

2) a required arrival time associated with each s;, (1 <
i< mn)

3) a set of buffer nodes b1,bs,...,byn € V.

Find: a buffered routing tree that spans S with necessary
buffer insertions at given buffer nodes.

Objective: maximize the required arrival time of the source
80.

As in most previous works on interconnect layout op-
timization, e.g., [2], we adopt the widely used Elmore de-
lay model for interconnect and switch-level RC model for
buffers.

3 RMP Algorithm

3.1 Algorithm Description

Our algorithm is based on the dynamic programming ap-
proach combined with a bottom-up tree construction. The
algorithm generates a set of subtrees from the sinks and
gradually expands and merges them until a complete rout-
ing tree with the best performance is produced.

There are a few important differences between our al-
gorithm and other bottom-up dynamic programming-based
tree construction algorithms: i) the sets of subtrees may not
be disjoint, ii) multiple subtrees may be generated at a node,
and iii) our algorithm works on a routing graph.

During the subtree generation process, expansion and
merging are realized by generating labels for the nodes. The
algorithm may generate a set of labels for each node in the
routing graph G = (V,E). A 4-tuple label L of node w is
in the form of (cap,rat, RE,buf) and represents a subtree
Tr(w) rooted at node w specified by the following parame-
ters.

e cap: load capacitance at node w in subtree T (w)
e rat: required arrival time at node w in subtree T (w)

e RE: reachable sink set of subtree T (w). It is the set
of sinks contained by subtree T (w).

e buf: whether or not a buffer is inserted at node w in
subtree Tt (w). buf=1 if a buffer is inserted; otherwise
0. If buf=1, then add Cp as an auxiliary field. Cy
is the downstream load capacitance of subtree T (w)
without buffer insertion at node w.

Initially each node’s label set contains one 4-tuple label:

e sink node s;: label (Cr;,rat;, {s;},0). rat; is the re-
quired arrival time of the sink s;. Cr; is the load ca-
pacitance of sink s;.

o buffer node b;: label (Couf;, +00,¢,1). Chyy; is the
input capacitance of buffer b;. Since no subtree is gen-
erated initially, Cy; is set to 0.

e source node and vacant node w: label (0, +00, @, 0).

We also define a working queue @ which includes all the
labels to be expanded. Initially the working queue contains
the label of every sink, i.e.,

Q = {(Crs,rats, {s:},0),Vs; € sink_set}
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In our algorithm, each time, a label with the maximal rat is
fetched from @ for expansion. In order to handle multiple-
sink nets, we allow subtrees to be merged to a new subtree
and keep the original separate subtrees at the same time.
When we expand a label X = (C1,rat1, RE1,bufi) of node
w to node u via edge (w,u) € E, we try to merge label X
with each label Y = (Cb,ratz, RE2,buf2) in node u’s label
set. But in order to avoid duplicate connection, we only
allow a merge between two labels that have no common
sink nodes in their reachable sets. If a merge is allowed, a
new label S = (Cs,rats, RE3,bufs) for node u is generated

where
Cs =C1+Ca2+ Ce,,
rats = MIN(raty — De,,,,
REs = RE, U RE,
b’u.fg =0

In addition, if buf2=1, i.e., node u is a buffer node, an extra

label S, = (C4,rats, RE4,bufs) plus Cl’,, will be generated
for node u where Cy; is the auxiliary field of label Y,

rats)

Chp = Cot + C1 + Cen
Cy =Cs
qw’ =rat1 — D¢, — RbC,',l — Dy
¢ =rats — Ry(C1 + Ce,,,)
rats = MIN(qw , qu)
REs = RE1URE>
bufs =1

The reason for keeping two labels is to leave open the pos-
sibility for finding the best solution, as using all available
buffers may not offer the best performance. If node w is the
source and RE, U RE; = sink_set, then the rats of label S
has to be updated, i.e., rats=rats — RqCs.

After a new label is generated, it is added to node u’s
label set and the working queue . Then pruning is per-
formed for w’s label set and the working queue Q. (This is
described in Section 3.2.) This expansion proceeds until the
algorithm fetches a label from @ that corresponds to a com-
plete routing tree. That is, the label belongs to the source,
and RE of that label contains all the sinks. This routing
tree has the best solution because it has the maximal rat
among all the routing trees generated and stored in Q.

During the process, for each node’s label set, there may
be more than one labels with the same RE and/or several
labels with different REs. These labels correspond to sev-
eral subtrees which are rooted at the same node and span
the same/different set of sinks. Unlike the A-tree and BA-
tree algorithms which only keep one subtree at a merging
point for pursuing shortest wirelength, our algorithm allows
multiple subtrees to be kept. It provides more flexibility
to find a performance-driven topology under various situ-
ations, such as asymmetric load capacitances and different
required arrival times at sinks. In addition, buffer insertion
can be considered when a label is expanded to a buffer node.
In this way, performance-driven topology construction and
buffer insertion under fixed buffer location constraints can
be done simultaneously in a bottom-up fashion, leading to
a buffered routing tree with the best performance.

3.2 Pruning

Pruning is based on a redundant relationship defined on two
labels of the same node. Given two 4-tuple labels of node w:
labely = (C1,rat1, RE1,bufi), labely = (Ca,rata, RE>, bufs),
if RE1 = RE>,C1 < Ca,rat1 > rats, then label; is said to

be redundant with respect to label;. Obviously, labely can
be substituted by label: without increasing the delay.
After a new label is put back to a node’s label set and
the working queue, pruning is done based on the redundant
definition, i.e., for each label set of a node and the working
queue, only irredundant labels are kept. In this way we can
avoid expanding inferior labels and enhance efficiency.

B5 [>..... S . 55 L@
B b
b B3 D
B2 3 # T
B (1 B2 s
B
s
) i B3
£ 2 SF o <
@ ®
B> g B> ge Bs > 0¥
DBA DBA T4 DEA

@ C]

> B3
B2 2
T3 — ~
1 Bl > B1 BT
] v M °
©

1> available buffer P inserted buffer [ source W sink

Figure 3: Subtree growth in the tree construction for a 4-pin
net

Figure 3 shows how the subtrees grow during the tree
construction for a 4-pin net with five available buffers. At
the beginning, each sink is a subtree (Figure 3a). With the
process of label expansion and generation going on, more
subtrees are produced at each node. For example, there are
two subtrees, T1 and T» shown in Figure 3b. After they are
merged at node Bs, a new subtree T3 (Figure 3c) rooted at
node B; is generated. Moreover, multiple subtrees may be
generated at a node and they may span the same/different
set of sinks and may not be disjoint, like subtree T3, T4 and
Ts (Figure 3c, d, e) rooted at node Bs. T3 and T4 span the
same set of sinks, while T3 and 75 do not, and these subtrees
are not disjoint. Unlike the A-tree algorithm, in order to
leave open more possibility for finding the best performance-
driven topology, we still keep the original separate subtrees
Ti and T, after merging them. Such subtree growth com-
bined with pruning proceeds until a complete routing tree
with the maximal rat is fetched from the working queue.

The pseudo-code of the RMP algorithm is shown in Fig-
ure 4.

3.3 Heuristic Rule for Expansion

As shown in the pseudo-code, when a node is expanded,
it may go to any direction. In order to enhance efficiency,
the edges toward the source are expanded first (similar to
the A* routing algorithm). The backward edges are stored
as a backup in case the existence of obstacles prevents the
shortest connection.

4 Experimental Results

We implemented the RMP algorithm in C++ language and
tested it on a Sun Ultra 1 workstation with 256 M memory
running at 167 Mhz.

The key parameters for experimenting with the RFB
problem are based on NTRS’97 0.18um technology and are
listed in Table 1. All the given buffers are of the same type
with Cp, Rq and Dy.
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Algorithm RMP
Begin-RMP
initiate label set for each node in
the routing graph G = (V, E).
initiate working queue Q.
while @ is not empty do
{ fetch X = (C1,rat1, RE1,buf1) of node w
with the maximal rat among all labels from Q;
if w is source node and RE=sink set then
return the solution;
else for each edge (w,u) € E do
{ for each label Y = (C2,rat2, RE2,buf2)
in the label set of node u do
{ if RE1 N RE> = ¢ then
{ RE3=RFE; U RE>;
if bufa=1 then
I
{Cy =Ch +C1 +Cepps
Cb’l 1s the auxiliary field of label Y;
qu IZT‘atz — Ry(C1 + Ceu”f );
Guw =rat1 — De,,, - Rb?bl — Dy;
Sb — (CQ;MIN(qw s qu 25RE351);
add Sp to the label set of node u and
and prune the redundant labels. }
C3=C1 + C¢,,, + Co;
quw=rat1 — De,,,;
S « (Cs, MIN{rats,qu), RE3,0);
if u is source and RE3 = sink_set then
{ Dso=R4C3;
S« (CSa MIN(Tat2= q’w) - DsOa RE37 0)7 }
add S to the label set of node v and @
and prune the redundant labels. } } } }
End-RMP

Figure 4: Pseudo-code of the RMP algorithm

D

ro | unit length wire resistance (2/um) 0.076
co | unit length wire capacitance (fF/um) | 0.118
C; | load capacitance of sink(fF) 23.4
R, | driver resistance of source (2) 180
D, | intrinsic delay for buffer (ps) 36.4
Cy | input capacitance of buffer (fF) 23.4
Ry, | output resistance of buffer (Q) 180

Table 1: Key parameters

4.1 Capabilities of the RMP Algorithm

The RMP algorithm has two major capabilities: routing tree
construction with buffer insertion under fixed buffer location
constraints and routing tree construction without buffer in-
sertion. In addition, because the tree construction by RMP
is based on the routing graph, RMP can handle obstacles
and congestion, which will benefit its adaption in a global
router. Figure 5 shows the routing tree of a 5-pin net with-
out any buffer insertion and Figure 6 shows the routing tree
for the same net with buffer insertion under fixed buffer loca-
tion constraints. Both are generated by the RMP algorithm.
All the required arrival times of sinks are set to 0. In these
figures a square stands for a pin and a triangle stands for a
buffer. The dark squares refer to sinks and the single light
one refers to the source of the net. The number attached
with a sink is the source-sink delay in ps. The triangles
in a dark color refer to the buffers RMP uses for insertion,
while those in a light color refer to the buffers provided,
but not used by RMP (it means that inserting those buffers
will not improve performance). In deep submicron technolo-
gies, with smaller driver resistance and relatively larger wire
unit resistance, performance-driven routing topologies tend
to be star-like as shown in Figure 6. It can be seen that
RMP algorithm can choose the best buffer insertion at a
given location for overall performance purposes. One may
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Figure 5: A routing tree without buffer insertion generated
by the RMP algorithm

note that in order to use some buffers, RMP algorithm has
to make some detours.
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Figure 6: A routing tree with buffer insertion under fixed
buffer location constraints generated by the RMP algorithm

4.2 Comparison between the RMP and A-
tree Algorithms

In order to better understand the quality of the RMP algo-
rithm, we tested it for routing tree construction only (with-
out buffer insertion) and compared the result with that of
the well-known A-tree algorithm in terms of required ar-
rival time at the source. Because the A-tree algorithm uses
a geometric abstraction and a linear delay model and does
not address some issues in performance-driven routing such
as asymmetric load capacitances and different required ar-
rival times at sinks, it may not produce topologies with the
best performance in the presence of asymmetric load capac-
itances and different required arrival times at sinks. We
tested both algorithms under three cases:

e Case 1: uniform load capacitances and uniform re-
quired arrival times at sinks. All load capacitances of
the sinks are set to Ci,, ;.- The required arrival
times at all the sinks are set to 0.

e Case 2: uniform load capacitances and non-uniform
required arrival times at sinks. All load capacitances
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of the sinks are set to Cj_; Form - The required arrival
time at one sink is set to 0 and the other sinks’ required
arrival times are set to a large positive number; i.e.,
we define a critical source-sink pair.

e Case 3: non-uniform load capacitances and non-uniform
required arrival times at sinks. The load capacitances
of the sinks are not equal and are between a capac-
itance range Ci,,,.,,.- The required arrival time at
one sink is set to 0 and the other sinks’ required ar-
rival times are set to a large positive number; i.e., we
define a critical source-sink pair.

Under each case, we randomly generate 100 nets for dif-
ferent kinds of nets which fall into a 6mm by 6mm bounding
box (for nets spanning a larger distance, buffer insertion is
usually required [5]). Average required arrival time of the
source and wirelength are shown in Table 2. rat denotes the
average required arrival time of the source, while wl denotes
the average wirelength. All data are normalized with rat
and w! in A-tree set to 1.

Tech: 79=0.076Q/pm, co=0.118 fF/um, Rq=270Q

Cloniform =234fF, Clopyang. =117 ~ T0.2fF
F#pin case 1 case 2 case 3

rat wl rat wl rat wl
5 099 1.02 091 1.06 | 0.89 1.09
6 099 1.03|0.88 1.11 | 0.86 1.08
7 098 1.06 | 0.85 1.11 | 0.84 1.10
8 0.97 1.06 | 0.83 1.07 | 0.87 1.08
9 097 1.05|0.82 1.08 | 0.82 1.09
10 | 097 1.06| 0.83 1.09 | 0.82 1.09

Table 2: Experimental results of the RMP vs. A-tree algo-
rithms

Experimental results show that in Case 1 the required
arrival times at the sources of the topologies generated by
the RMP and A-tree algorithms are very close for most of
the nets, while the A-tree algorithm has smaller total wire-
length. That is as expected since the A-tree is very good
at total wirelength while maintaining a shortest path from
the source to every sink. This shows that as a heuristic al-
gorithm, the A-tree algorithm can most often find topology
with the best performance in the case of uniform load capaci-
tances and uniform required arrival times at sinks. However,
for Case 2 and Case 3, RMP can outperform A-tree by up
to 18% in terms of delay reduction with a 6-11% wirelength
increase.

4.3 Comparison Between the RMP and Mod-

ified BA-tree Algorithms

In order to understand RMP algorithm’s ability to handle
fixed buffer locations, we implemented a modified BA-tree
algorithm called MBA-tree algorithm to handle fixed loca-
tion constraints and compared it to RMP. The MBA-tree al-
gorithm imitates how human designers interact with a rout-
ing tree construction tool with unconstrained buffer inser-
tion in a semi-automatic way. In the BA-tree algorithm,
Steiner routing tree construction and buffer insertion are
achieved simultaneously by combining A-tree construction
and the dynamic programming-based buffer insertion algo-
rithm (these two steps were carried out independently in the
past). It is shown in [2] that the BA-tree algorithm can out-
perform a conventional two-step approach by up to 75% in
terms of delay. In the MBA-tree algorithm, we first run the
BA-tree algorithm to get a buffered BA-tree with buffers in-
serted at the ideal locations. Then we put it in the routing

graph of the RFB problem, check each ideal buffer location
and try to “round it” to the nearest available buffer loca-
tion. If there are no available buffers near the ideal buffer
location within a certain range (we call it the neighborhood
range, denoted as NR), this buffer insertion is abandoned,
i.e., no buffer is inserted here. If the NR is very small, the
MBA-tree tends to be the same as an A-tree with larger
delay but smaller wirelength. But if the NR is too large,
it is possible that using the available buffer in the neighbor
range will increase delay rather than decrease it. We define
two cases for NR:

e Strict NR: NR only contains the node in the routing
graph which is the closest to the ideal buffer and its
adjacent nodes (as illustrated in Figure 7a).

e Relaxed NR: NR contains the first ¢ nodes in the rout-
ing graph which are close to the ideal buffer (as illus-
trated in Figure 7a), where ¢ is a parameter to be set
by the algorithm or designers.

Through the experiment, we set ¢ to 30 to get the best possi-
ble performance. These two cases bring about two different
MAB-tree topologies as shown in Figure 7b and Figure 7c.
We extract 15 nets for each kind of net from the buffer
planning results generated by BBP algorithm [1]. All the
required arrival times of the sinks are set to 0. The average
rat of the source and wirelength of the routing tree generated
by the RMP algorithm and the MBA-tree algorithm under
strict NR case and relaxed NR case are shown in Table 3.
All data are normalized with rat and wl of RMP set to 1.

#pin RMP MBA-tree | MBA-tree
(strict NR) | (relaxed NR)
rat wl | rat wl rat wl

4 1.0 10162 090|129 1.08
5 1.0 1.0|199 090|146 1.13
6 1.0 10| 184 085|129 097

Table 3: Comparison between the RMP and MBA-tree al-
gorithms

From the results, we can observe that RMP can out-
perform MBA-tree by up to 46% in terms of delay with
comparative wirelength.

4.4 Runtime

The most time-consuming part of our algorithm is the ex-
pansion, which depends on the number of labels generated
at each node. For a net with n sinks, theoretically there
could be up to 2" — 1 different kinds of combination for the
reachable set. But in practice, only a few nodes have so
many reachable sets, while most nodes only have a small
number of reachable sets during the expansion process. If
we follow the pseudo-code strictly when implementing the
algorithm, we should keep all the irredundant labels with the
same reachable set at each node, which may result in long
runtime. To speed up the algorithm, we only keep one label
with the smallest cap for each reachable set. Table 4 shows
the runtime enhancement and quality of such speedup ver-
sion of the RMP algorithm, where ratsp and ratnsp refer
to the rat of the speedup version and the non-speedup ver-
sion respectively, Tsp and Tngp refer to the runtime of the
speedup version and the non-speedup version respectively.
From Table 4 we can see that the runtime of the speedup
version can decrease to 29% with only less than 3% quality
loss.
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with buffer insertion
(#Dbuffers <30)

without buffer insertion

- rat T, . rat T,
#pin Tat}\ffp Tz\ffp #pin ’fatz\ffp Tz\ffp
6 1.02 0.58 4 1.01 0.51
7 1.03 0.46 5 1.01 0.37
8 1.03 0.38 6 1.03 0.29

Table 4: Runtime and quality comparison between two ver-
sions of RMP (with speedup vs. without speedup)

Table 5 shows the average number of reachable sets per
node generated for different number of sinks and buffers. In
practice, n is usually 3 to 6, while the number of buffers can
reach 30. The number of nodes in the routing graph is deter-
mined not only by the number of pins and buffers but also by
their distribution. Besides the number of pins and buffers,
the distribution may greatly affect the runtime. From Table
5, we see that the RMP algorithm scales reasonably well in
practice.

#sinkwithout buffer insertion| with buffer insertion
#node #RE runtime#buffers#node #RE runtimg
per node (s) per node (s)

1

3 16 1 0.01 30 456 1

4 16 4 0.02 30 510 2 3
5 30 2 0.03 30 554 1 2
6 28 8 0.17 30 356 5 5

Table 5: The average number of REs per node in the routing
graph and the runtime of the RMP algorithm

5 Conclusions and Future Work

In this paper, we presented an algorithm named RMP to
solve the routing tree construction under fixed buffer loca-
tions problem. Our algorithm can deal with multiple-pin
nets as well as fixed buffer location constraints. It can also
handle obstacles and routing congestion. Experimental re-
sults show that the RMP algorithm is efficient and produces
better results compared to using existing approaches to han-
dle fixed buffer location constraints.

We plan to further enhance the algorithm for runtime
improvement and extend the algorithm so that it can be
used by a global router after buffer block planning. Also,
we plan to use this algorithm to evaluate different buffer
planning schemes.
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