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|. Introduction

Given a placement of blockages within a bounding box and a set of nets, a gridless router
finds an interconrection path for each net in the routing area A gridless router has more
flexibility than a gridded-based router. It can handle variable widths routes with variable
spacing design rules.

There ae blockages inside a bourding box and the complementary regionis for routing
interconnection. The blockages are cdled block tiles, and the routing region is divided into
space tiles, i.e., the routing area is dissected to obtain a set of spacetiles by horizontal lines.
For example, see Figure 1, B,, B, and etc. with thick borders are block tiles.  Start (target)
tile is the space tile whose border the start (target) point of a net is located on. In Fig.1, (S1,
T1) isapair of start and target points. Smilarly (S2, T2) is another pair. Tiles A1 (A2) and
A9 (A10) arethe start tile and target til e of the first (second) route.

Traditional gridded-based router algorithms, such as maze routers, can be applied to the
gridless router problem with some modifications. Leé sagorithm [1] is based onbreadth-first
seach process It moves one step forward in al possible directions at one time, and seleds
the nearest paint to the target as the next expansion point. The expansion process $ops when
the target is reached or this route fails. In the gridlessrouting problem, a tile, rather than a
grid, isthe expansion wit. The mncept of tile expansionis smilar to that of a maze router.
The searching process can be Depth-First Search or Breadth-First Search. Time efficiency is
the advantage of DFS, and BFS has the alvantages of better routing quality. Related papers
can befoundin[2, 3, 4].

Data structure to keep the neighbaring relationship o tiles heavily affects the routing
spead. Corner Stitching is an approach to organize the data of tiles[5, 6]. It provides quick
query and editing operation for tiling system. Ead tile contains four pointers, say tr, rt, Ib, bl,
to point to its neighbas, as iown in Fig. 2. For atile, say A, its pointer tr points to the
topmost tile whose left edge euts with its right edge, and pointers rt, Ib, and bl are defined
similarly. Through these four pointers, we can quickly locate atile by a point, find al
neighbars of atile. For tile Al in Fig. 2, we @an traverse dl its top neighbars through panters



rtand bl. It isencouraged to invent a new sophisticated data structure for thistoal.
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Fig. 1: A routing tiles example.
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Fig. 2: A Corner Stitching example.

Il . Input/Output Specification

I nput Format
We shall support two input files for one instance of this problem. One file defines the routing
problem, including a routing boundng box, peirs of routing points for all routes, and the
block tiles. The other defines al the spacetiles. For problem 1, there ae two input files,
probleml.blk and probleml.spc. If the tod can produce the space tiles from the first file, it is
unrecessary to read the secondfile. Thefirst file format is asfollows:

.bBox (point at the left bottom corner) (point at the right top cor ner))

route net_ name (sxl,syl) (tx1tyl)

route net_ name (sx2,5y2) (tx2ty2)

...Moreroutes

.block_begin

/l one line defines a block tile

(point in theleft bottom corner) (point in the right top cor ner)

.block_end
Note that the latter route does not need to consider the results of the previous routes. More
nets are just to test the router quality with regard to dfferent locaions for the same layout.



Thefile mntent of Fig. lisasfollows:
.bBox (0,0) (100,1m)
route netA (30,10) (80,85)
route ...
.block_begin
(20,10) (48,39
... moreblock tiles
.block_end

The format of the spacetilefileisasfollows:
.space begin
/I one line defines a spacetile
(point in theleft bottom corner) (point in the right top cor ner)
.space end

Output Format

There ae two files, namely probleml.net and probleml.spo for problem 1, to record the
problem output. One records routing path, and the other records all the space tiles. If you do
not produce the spacetiles automatically, you dorit need to autput the latter. The format of
the routing path fil e (probleml.net) is as follows:

/l this problem hasthreeroutes

/I thefirst route has n points, the second route fails

/I ' You don’t nead to write any comment linein real output

.net net_name

(x1,yD) (x2,y2) (x3,yJ)....(xn,yn)

.net net_name

FAIL

.net net_name

(x1,y1) (x2,y2) (x3,y3

/I remember to output all routeresults, even those fail to route

/I Thefirst character of each line cannot be a space character and
The format of the space til e output file (probleml.spo) is asfollows:

.space begin

/I each linerecords one spacetile, (x1,yl) istile’ sleft bottom corner

/l'and (x2,y2) istile€'sright top corner. Values are separated by one

/I space daracter.

/I Notethat thelist order of tilesisfrom low to high by bottom side and

/I from left toright by left sideif tiles have the same bottom side



x1ylx2y2

.space end

[11. Problem Statement

This problem is areduced gridless routing problem. Given (1) a placement of blockages
inside abourding box, and (2) a set of two-paint nets, the tool completes the route in the
routing area on the plane of the bourding box by finding a path for each net. The design
rules, including wire width and shape spacing rule, are ignored, and the routing path is
regarded as a path of unit width. The basic unit data is a redangle. Paths must route
inside the space tiles and separate from the bourdary by one unit. Each instance of the
problem has two input files. One file describes an instance of the routing problem, and
the other spedfies the space tiles. The tool user can either read the space tiles from the
file or ask the tool to generate the space tiles automaticaly. If the space tiles are
generated by the tool, the tod has to autput them in a sorted order from low to high
acording to the paositions of their bottom borders. If there are tiles having the same
paosition of bottom borders, they must be permuted from left to right according to the left
border. Theflow isshownin Fig. 3.
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Fig. 3: The design flow of the gridlessrouting problem.

We give an examplefor all IOfilesin Fig. 4.
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Fig. 4: A routing problem and its solution.
Input files:
[probleml.blK]:
.bBox (0,0 (100,1®)
rroute netA (15,15) (90,90)
route netB (50,3) (50,%)
.block_begin
(30,9) (70,70
.block_end

[probleml.spc]:
.space begin
(0,0 (10030)
(0,30) (30,70
(70,30) (100,M)
(0,70) (100,1)
.space end

Output files:

[probleml.net]

.net  netA

(15,15) (15,90 (90,90

.net netB

(50,9) (50,29 (71,29) (71,%) (50,%)

Note that netB walks along a block tile by separating one unit from its boundary.



[probleml.spo]
.space begin
00100 30
0303070
70 30 10070
0 70 100100
.space end

V. Advanced Features
Compare the results by applying DFS and BFS.

V. Language/Platform

1. Language: C or C++.
2. Platform: SUN OS/Solaris or PC DOS/Windows.

V1. Evaluation

The score will be given based onthe wire length and the number of cornersinduced by found
paths, time and memory requirements, and whether your tool can generate space tiles
automaticdly. A bonws will be rewarded for comparing DFSand BFS,

VII. Questions

Please report any question regarding this problem to cad@cis.nctu.edu tw with the subject
“CAD Contest: Problem 4.” Your question(s) will be answered in two weeks, andthe Q&A’s
will be posted at the antest web site
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