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Global Routing and Detailed Routing

Nets are routed on a coarse-grained grid, and the routing 

location is determined while minimizing wire lengths, vias, and 

overflows.

Detailed routing uses the routing scheme determined by the 

global routing as a routing guide to obtain specific routing 

paths. 

Detailed routing

Global routing

Routing
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Global Routing and Detailed Routing

Vias: provide connections for segments between different layers.

[1] Y. Xu, Y. Zhang, and C. Chu, “FastRoute 4.0: Global router with efficient via minimization,” in 

Proceedings of IEEE/ACM Asia and South Pacific Design Automation Conference, 2009, pp. 576–581.

1. A large number of vias reduces manufacturing yields, leads to degraded 

circuit performance, and increases the area required for interconnections.

2. DFM (Design for Manufacturability) in physical design has strict 

requirements for vias. And satisfying DFM is necessary for physical design.
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Global Routing 

Given a grid and a set of nets consisting of pins, find a routing scheme for 

each net that connects all pins to minimize the total overflow ：min σ𝑒∈𝐸 𝑜𝑓𝑒 ,

Minimizing the wire length and minimizing the number of vias are also 

important goals for global routing optimization.

Global routing ：
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Global Routing Strategy

2DRouting+layer assignment 
Router：NTHU-Route 2.0 [Chang et al., 2010] , SPRoute 2.0 [He et al., 

2010] , NCTU-GR 2.0 [Liu et al., 2013] and FastRoute 4.0 [Xu et al., 2009].

Advantages ：Fast
Disadvantages：Only the number of bend points is available before 

layer assignment, and the ability to obtain accurate via
information is not available.

3D Routing
Router：FGR [Roy et al., 2008]，GRIP[Wu et al., 2009]，MGR[Xu etal., 
2011]，CUGR[Liu et al. 2020]

Advantages ：Ability to overcome problems with 2D strategies and 
better quality of solutions

Disadvantages：slow.
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V-GR Global Routing Flow
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Modified Via-Aware  Routing Cost Function

Rectangular Uniform wire Density (RUDY) is used in routability prediction, 

in which the wire density is defined as the wire length per unit area of its 

bounding-box. We use the length of the RSMT estimate the wire density:

Modified Via-Aware  Routing Cost Function：

An edge with higher wire density consumes more capacity. When the 
capacity of edge is exhausted, the tendency is to use the corresponding 
edges of  other layers, which leads to an increase in the number of vias. We 
consider the effect of wire density on via and make improvements to the via
cost:
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Multi-Strategy Rip-up and Rerouting Framework

Global rip-up and rerouting

Local rip-up and rerouting

After initial routing, 3D monotonic routing is used within 

the bounding box of net to reduce the number of vias and 

overflow without increasing the wire length.

The 3D 3-via-stack routing and the RSMT-Aware ESMR 

are used globally to rip-up and reoute congested net while 

ensuring the least possible growth in wire lengths and number 

of vias.
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Local Rip-Up and Rerouting

3D monotonic routing：
After initial routing, there are still many overflow nets to deal with. We 

propose a 3D monotonic routing, aiming to reduce overflow and minimize the 
number of vias without increasing the wire length.

The algorithm is executed inside the bounding box of net and requires that 
the next path node found must satisfy a decreasing or constant 3D 
Manhattan distance during the routing process.

The edge costs in this paper are consistent with the CUGR definition of edge 
costs：
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Local Rip-Up and Rerouting

3D monotonic routing：

cost(u,v): the cost of an edge or via (u,v).
d(u): The minimum cost from the source to u.
prev(u): The predecessor node of node u.

procedure：
step 1. Calculate d(u) for nodes with the same x or y or z 

coordinates as the source point.
step 2. The idea of dynamic programming is used to calculate d(u) .
step 3. Search prev(u) from the sink until the source .

The algorithm complexity is O(|B|) and B is the size of the 3D 

bounding box.
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Global Rip-Up and Rerouting

3D 3-via-stack routing：

Completes the connection of two pins with up to a 3-via-stack. It has a greater 

ability to reduce congestion compared to 3-D pattern routing. In addition, it has the 

advantage of generating fewer vias and is faster compared to 3D monotonic routing 

and 3D maze routing.

3D 3-via-stack path consists of three parts: Two 3D L-paths and a via-

stack, such as s -> mid_1, mid_2 -> t, and mid_1  -> mid_2.  
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Effectiveness of 3D Monotonic Routing 

and 3D 3-Via-Stack Routing

Effect Comparison：

The table shows that using 3D monotonic routing and 3D 3-via-stack routing was 
able to reduce vias by 6.5%, and overflow by 7.1%.

The first set of experiments used: 3D monotonic routing, 3D 3-via-stack routing 

and RSMT-aware ESMR after initial routing.

The second set of experiments used: the RSMT-aware ESMR after initial routing.
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Global Rip-Up and Rerouting

RSMT-Aware ESMR：

The main idea of ESMR is that tree edges in a 

net with completed routing can be reused.

step1. One pin is randomly selected to join the priority 

queue and the source set, the remaining pins are 

added to the sink set.

step 2. Take the first node from the priority queue and 

traverse the neighboring nodes. Perform different 

operations based on neighboring nodes.

step 3. Add the source point set nodes to the priority 

queue and repeat step 2 until the sink set is empty.
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Global Rip-Up and Rerouting

RSMT-Aware ESMR：

RSMT has a shorter wire length, and combining this property to ESMR 

proposes the RSMT-Aware ESMR.

Each G-cell that RSMT passes through is labeled, and the cost of the 

edge varies according to the number of times it is labeled.

Comparison of the effectiveness of routing solutions produced using

different maze algorithms:
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Effectiveness of RSMT-Aware ESMR

Effect Comparison：

The first set of experiments used: traditional maze routing algorithm.

The second set of experiments used: RSMT-aware ESMR.

The table shows that the use of RSMT-aware ESMR was able to reduce the 
wire length by 0.9% and the via by 0.5%.
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Results

Results of GR + DR reported by innovus

GR results



17

Thank You !


