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Abstract—We propose a pad-focused, net-by-net, two-stage
printed circuit board (PCB) routing approach comprising the
global routing using Monte Carlo tree search (MCTS) and the
detailed routing using A*. Compared with conventional PCB
routing algorithms, our approach can route PCB components
in both BGA and non-BGA packages. To minimize the gap
between the global and detailed routing stages, a polygon-based
dynamic routable region partitioning mechanism is introduced.
Experimental results show that our approach outperforms state-
of-the-art routers such as DeepPCB and FreeRouting in terms of
success rate or wirelength.

Index Terms—printed circuit board, global routing, detailed
routing, Monte Carlo tree search

I. INTRODUCTION

In designing printed circuit boards (PCBs), routing is a key
step placing metal wires for expected connectivity of pins
without violating design rules [1]. In recent years, compli-
cated functionality and design goals have sharply increased
the amount and density of pins, making PCB routing more
challenging. As a result, existing approaches typically break
down the problem into two stages: escape routing, focusing
on routing in the area around individual components, and area
routing, focusing on inter-component routing [2], [3].

However, the two stages do not always couple well. A suc-
cessful escape routing may make area routing unsolvable [3].
In addition, existing escape and area routing approaches are
good at dealing with ball grid array (BGA) chip packages [4]
but not non-BGA packages [2], such as passive devices and
through-hole pins, which are usually placed irregularly.

Inspired by the global and detailed routing [5] in integrated
circuit (IC, chip) design, here we propose a pad-focused, net-
by-net, two-stage routing algorithm for PCBs. We partition
the routable region based on the locations and dimensions
of all pads, regardless of whether they belong to the same
components or not, into polygon zones. In the global routing
stage, sequences of such polygon zones are assigned to nets
while in the detailed routing stage, the polygon assignments
are grounded into polylines. By solving pad-to-pad routing
directly, our approach optimizes any path regardless of the
packaging type of its source or destination. After an assigned
polygon is grounded into a path segment in detailed routing, the
polygon immediately splits into two by the path to guarantee the
equivalence between detailed routability and global routability.
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Our global and detailed routers are based on Monte Carlo tree
search (MCTS) [6] and the A* algorithm [7], respectively.
Lastly, to guarantee the connection of all nets, we propose
a hierarchical MCTS rip-up-and-reroute mechanism to resolve
design rule violations.

II. METHOD

Our approach (Fig. 1) first routes nets in a random order.
For each net, we route two random pins of it first. If the net
has more than two pins, we iteratively route the next unrouted
pin with a routed pin, randomly drawn, until all pins of the net
are visited. After routing a net, detailed routing will change
the partitioning for global routing to ensure the equivalency
between global routability and detailed routability. This is a ma-
jor difference between our approach and conventional global-
detailed routing split. After all nets are visited, to maximize the
connectivity of all nets and satisfy design rules, a hierarchical
MCTS-based rip-up-and-reroute mechanism is employed.
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Fig. 1: Overall flow of our approach.

A. Initial routable region partitioning
Each pad or obstacle is approximated as a polygon. By

extending all edges of the pad/obstacle polygons to infinity
(dash lines in Fig. 2-(a)), the routable region, which is also
a polygon, is partitioned into routable polygons. Because the
partitioning is performed for each layer independently, the
partitions differ from layer to layer.

B. MCTS-based global routing
A global path, a sequence of routable polygons, is con-

structed from the source polygon to the destination polygon,
adding one polygon in the neighborhood of the head in each
step. Two polygons are neighbors if they share a border on
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the same layer or vertically overlap with each other on two
consecutive layers. Updated in each step, the head is the latest
polygon added to the path. Initially, it is the source polygon.
In each step, all the neighbors of the head are evaluated by
MCTS [6] and the one with the highest evaluation score is
added to the path. If global routing does not find a solution,
then our approach will mark the routing of the current net as
failed and go to the next net. To quickly check if a global
routing solution exists, we use a DFS-backtracking rollout
mechanism [8] for MCTS, with which the existence of a global
path can be determined after the first iteration of MCTS.

C. A*-based detailed routing
Based on A*, our detailed routing algorithm generates the

wires/traces on a grid according to the output of global routing
above. Polygons returned by global routing are grounded into
paths in the order that they are returned. At the current grid
location x, the A* cost function is f(x) = g(x) + h(x) [7].
g(x) can be defined as, for example, w1Cwl + w2Cres, the
weighted sum of the wirelength Cwl and the cost of taking
routing resources Cres. h(x) can be defined as, for example,
the Manhattan distance from x to the target. In our experiments,
Cres = maxp∈P

1
d(x,p) where P is the set of all the pads/pins,

and d(x, p) is the Euclidean distance between x and p. Hence,
the grid nodes farther to pads have higher priorities to be
routed for the current net. The goal of term Cres is to reduce
the chance that paths of early-connected nets block the later
nets. Other factors, such as the number of vias, can be easily
added into g(x) to accommodate different design goals and
constraints.

D. Dynamic re-partitioning
Every polygon on a detailed path is split into two by the path

(Fig. 2). Repeated at the end of routing a net, this dynamic re-
partitioning mechanism ensures a detailed routing solution for
each not-yet-routed net if its global routing solution exists.
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Fig. 2: Routable region partitioning. (a) Initial: edges of pad
polygons extended to infinity split routable regions to routable
polygons. (b) Re-partitioning after detailed routing: a polygon
(red dashes in (a)) assigned to a path (blue, thick) is split into
two polygons (red dashes in (b)) by the path.

E. Rip-up and reroute
After all nets are visited, we use a rip-up-and-reroute strategy

to reroute pins that are not connected. Given two pins that are

not connected as expected, a path connecting them is generated
which may violate design rules. Then all paths violating design
rules with this new path are ripped and re-routed. The procedure
repeats until all the unconnected pins are connected or the
maximum number of iterations is reached. Our rip-up-and-
reroute is a hierarchical tree search method. Each high-level
search tree node represents a global path for a node on a ripped
path, and the search method is the depth-first search (DFS) with
backtracking [8]. Each global path is searched using the (low-
level) MCTS.

III. EXPERIMENTAL RESULTS

Following [2], our approach is compared with two state-
of-the-art routers, FreeRouting [9] and DeepPCB [10]. The
evaluation was done on 10 real-world, open-source, double-
layer PCB designs containing a great mixture of SMD and
through-hole pads. Our approach can successfully route all the
10 PCBs, whereas FreeRouting and DeepPCB both fail on two
of them. We attribute this to the equivalency between global and
detailed routability in our strategy. The baselines underperform
our approach in terms of total wirelength but outperform in
terms of the number of vias. Lastly, our approach is very
extensible to incorporate various constraints and preferences
by changing the term Cres.

Fig. 3: A PCB routed in our approach.
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