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Why Why GridlessGridless Routing ?Routing ?

VariableVariable--width and variablewidth and variable--space routing space routing 
becomes inevitable for modern designsbecomes inevitable for modern designs
–– Wide space and fat wire for crosstalk and delay Wide space and fat wire for crosstalk and delay 

optimizationoptimization

GridlessGridless routers are more flexible for variablerouters are more flexible for variable--rule rule 
routing than gridrouting than grid--based routersbased routers
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Implicit Connection Implicit Connection 
GraphGraph--Based RouterBased Router

Fast routing graph construction
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Efficient query data structure
(Slit tree + Interval Tree)• J. Cong et al., “An Implicit connection graph maze 

Routing Algorithm for ECO routing,” in ISPD99
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Implicit Connection Implicit Connection 
Routing GraphRouting Graph
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Contribution of This WorkContribution of This Work

We propose a new implicit connection We propose a new implicit connection 
graphgraph--based router with pseudobased router with pseudo--tile tile 
extraction and propagation toextraction and propagation to
–– reduce the time required for query reduce the time required for query 

operations operations 
–– speed up path searching.speed up path searching.
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Features of NEMOFeatures of NEMO

MultiMulti--Plane Routing GraphPlane Routing Graph
Tile plane but not grid planeTile plane but not grid plane
NonNon--zero width wire modelzero width wire model
Pseudo Maximum (horizontally or Pseudo Maximum (horizontally or 
vertically) Stripped Tile (PMT) Extraction vertically) Stripped Tile (PMT) Extraction 
and Propagationand Propagation
Pseudo Blockage Insertion & Gridline Pseudo Blockage Insertion & Gridline 
ReductionReduction
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MultiMulti--Plane Routing GraphPlane Routing Graph

: L 1

: L 2

: L 3

An 3-layer routing example L 1

L 2 L 3
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Why Tile, Not GridWhy Tile, Not Grid

Grids on adjacent
Layers don’t align
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NonNon--Zero Width Wire ModelZero Width Wire Model

ruleHalf width
ruleseparation
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MultiMulti--Layer RoutingLayer Routing
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Path Search by PMTPath Search by PMT
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PMT Extraction PMT Extraction –– Tile QueryTile Query
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Routing FlowRouting Flow

Decompose multi-terminal 
net routing into multiple 

2-pin net routing

Decompose multi-terminal 
net routing into multiple 

2-pin net routing

Perform congestion-driven 
global routing

Perform congestion-driven 
global routing

Complete point-to-point 
detailed routing

Complete point-to-point 
detailed routingRip up and ReroutingRip up and Rerouting
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Experimental Results Experimental Results ––
PointPoint--toto--point Routingpoint Routing

7320.00 7320.00 ×× 7320.007320.001,018,2211,018,2211,649,8661,649,866D2D2
470.00 470.00 ×× 455.00455.003,7203,7205,1065,106D1D1

Met3Met3Met2Met2
Chip DimensionChip Dimension

x x ×× y (um )y (um )
RectanglesRectanglesTest CaseTest Case

9.819.810.0940.09488649.00649.000.9220.92288649.00649.00TEST5TEST5
9.419.410.0780.07888527.50527.500.7340.73488527.50527.50TEST4TEST4
8.448.440.0630.0631212419.50419.500.5320.5321212419.50419.50TEST3TEST3

10.9610.960.0470.04766382.20382.200.5150.51566382.20382.20TEST2TEST2
6.66.60.1090.1091010539.50539.500.7190.7191010539.50539.50TEST1TEST1
SUSUTime (s)Time (s)#Via#ViaWL (WL (µµm)m)Time (s)Time (s)#Via#ViaWL (WL (µµm)m)

NEMONEMOCong et al. ISPD99Cong et al. ISPD99

Table 1.  Statistics of the design under the test 

Table 2. Point-to-point routing results for the circuit D1

9
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4.574.57727218018015413.0015413.0032932918018015413.0015413.00TEST8TEST8
12.1812.18111141041011538.0011538.0013413441041011538.0011538.00TEST7TEST7
13.6313.638837437410212.0010212.0010910937437410212.0010212.00TEST6TEST6
6.646.64252549049012375.0012375.0016616645845812391.0012391.00TEST5TEST5
11.5511.55111144644611794.0011794.0012712744644611794.0011794.00TEST4TEST4

1616662462468299.008299.0096962462468299.008299.00TEST3TEST3
4.474.4738383663669478.009478.001701703663669478.009478.00TEST2TEST2
14.614.6552382384997.004997.0073732382384997.004997.00TEST1TEST1
SUSUTime (s)Time (s)#Via#ViaWL (WL (µµm)m)Time (s)Time (s)#Via#ViaWL (WL (µµm)m)

NEMONEMOCong et al. ISPD99Cong et al. ISPD99

Experimental Results Experimental Results ––
PointPoint--toto--point Routingpoint Routing

Table 3. Point-to-point routing results for the circuit D2

10
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Experimental Results Experimental Results ––
GeneralGeneral--Purpose RoutingPurpose Routing

429314293128177281773312950 x 672012950 x 6720S38584S38584
323443234421035210353311440 x 619011440 x 6190S38417S38417
127931279383218321337050 x 38907050 x 3890S15850S15850
107761077669956995336600 x 36506600 x 3650S13207S13207

4260426027742774334040 x 22504040 x 2250S9234S9234
4818481831243124334350 x 23904350 x 2390S5378S5378

#Pins#Pins#Nets#Nets#Layers#LayersSize (Size (µµmm))CircuitCircuit

Table 4.  Statistics of the benchmark
circuits for general-purpose routing
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110.9891.262.4234.4Comp.

06.7e5146.506.6e5209/174.20-466/1712535-7086/2599S38584

04.8e55504.7e570.7/58.90-251/921945-3560/1306S38417

02.2e515.502.2e522.7/18.90-107/39978-1469/539S15850

01.8e510.201.8e517.9/14.90-85/31877-1099/403S13207

05.5e42.705.4e44.3/3.60-23/8307-355/130S9234

07.5e43.707.4e45.7/4.80-30/11517-430/158S5378

# of
F.N.

WL
((µµm)m)

Time
(s)   

# of
F.N.

WL
((µµm)m)

T/Tn
(s)

# of
F.N.

WL
((µµm)m)

T/Tn
(s)

# of
F.N.

WL
((µµm)m)

T/Tn
(s)

(D) NEMO(C) Multilevel Routing 
Chen et al. ASP-DAC06

(B) Multilevel Routing
Cong et al. TCAD05

(A) Three-Level Routing
Cong et al. TCAD05

Circuit

(A) And (B) were run on a 440-MHz Sun Ultra-10 with 384MB memory
(C) was run on a 1 GHz Sun Blade 2000 with 8 GB memory
(D) was run on a 1.2  GHz Sun Blade 2000 with 2 GB memory

Experimental Results Experimental Results ––
GeneralGeneral--Purpose RoutingPurpose Routing
Table 5. The comparison of routing results among four gridless routers
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0146.5601806.7e501953/1628610537.7e5S38584

055431934.8e50899/749435515.9e5S38417

015.5172602.2e50538/448173342.4e5S15850

010.2148651.8e50106/88149382.2e5S13207

02.758185.5e4026/2262876.0e4S9234

03.770457.5e4035/2971638.2e4S5378

# of
F.N.

Time (s)#ViasWL
(µm)

# of
F.N.

T/Tn
(s)

#ViasWL
(µm)

(B) NEMO(A) Multilevel Router without antenna 
avoidance Ho et al. ISPD04

Circuit

(B) was run on a 1GHz Sun Blade 2000 with 1 GB memory 

Table 6. The comparison of routing results between a multi-level grid-based router and NEMO

Experimental Results Experimental Results ––
GeneralGeneral--Purpose RoutingPurpose Routing
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ConclusionsConclusions

We propose a new implicit connection We propose a new implicit connection 
graphgraph--based router withbased router with
–– Efficient PMT extraction,Efficient PMT extraction,
–– PMT propagation, andPMT propagation, and
–– Simplified connection graphSimplified connection graph
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THANK YOUTHANK YOU
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