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A Timing-Driven Simultaneous Placement and Global Routing
Algorithm for Field-Programmable Gate Arrays

Nozomu Tocawa,t Masao Satof and Tarsuo Ountsukif

In the design of FPGAs whose programmability is simply realized by means of switches,
the routing delay problem is essential and the signal path length should be controlled dur-
ing layout design. The conventional layout design of FPGAs is composed of two phases,
i.e., placement and routing. However, those phases can be treated simultaneously by fully
exploiting FPGAs’ regular structure. In this paper, an FPGA layout algorithm is present-
ed, which deals with placement and global routing simultaneously. It is based on simple
and fast top-down hierarchical bipartitioning, and global routes can be represented by a
sequence of pseudo blocks. Since pseudo blocks and logic blocks are processed in a similar
way, the placement and global routing are treated simultaneously., For each critical signal
path, its:upper bound in length is given as a constraint. During the bipartitioning, the
algorithm calculates estimated lengths of the paths and, based on them, partitions the set of
blocks so as to satisfy the constraints. Experimental results for several benchmark circuits
demonstrate its efficiency and effectiveness.
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Netlist
{a, d}, {b, d}, {c, ¢},
{d, e, f}, (e, 8}

Primary inputs {a, b, ¢}
Primary outputs {f, g}

Pathp=a—d—f
Limas(p) =3

Lr(p) = 2 < Lanax(p)

B4 2y bURE (B BXOEVATY MER (B)
Fig. 4 Netlist and its layout.
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Fig. 8 Augmented region.
A: a set of blocks to be partitioned, R:
subregion, Ri: subregion adjacent to R.
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Fig. 9 Assignment of nets to terminals,
(a) Nets with path length constraints.
(b) Nets whose blocks are on one side
of the cut-line. (¢) Nets whose blocks
are on both sides of the cut-line.
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Table 1 Benchmark circuits.

mas | B, L8 oo wrn | BLE ) L.
conl 15 13 35 14 6
rd 53-hdl 24 21 55 4 14
rd 53 26 23 87 3 10
misex 1 42 35 133 29 14
z4ml 53 49 197 7 20
f51m 87 79 319 12 25
misex 2 126 108 361 6 10
bw 135 107 475 14 19
vg2 258 250 979 105 40
duke?2 413 384 1559 14 50
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* 4(a) RRPHECKIEBER (SA ®ick?
T RZRECE + BB RS AR R)
Table 4(a) Experimental results (SA placement
+hierarchical global routing).

. i3, v MCHLUEROTA F5A4Y =
&7 . B . i é?g ) | 4% | FIuvsB | RERE WEERR] [s]
EBEITNBENLS. 20k, FHMEER%KOFEE : . s P~

. o con + 0.
BMEE LT, AERTHOICHRERE L ZIZREOMK . 9 2 39+ 0.12
REBDCEHHHTES. rd53 3 85 156+ 0.21
K 10 ciBEFHIC X AR vg 2 OHIRRER misex 1 4 148 248+ 0.29
T 10 EBOTEROELBRET 0y 7, S z4ml 5 48 699+ 0.77
f51m 6 408 998+ 1.05
@ =A
DREFAAA ¥ FT 0y ) ERT. KEROK misex 2 5 490 4372+ 1.20
Bny s FEBCERESI NI Xy FERLTO b 6 699 10742+ 1.57
3. FABRCH DD % v b OEBEREFR LI vg?2 11 2274 343694 6.44
%2, BI3ALLBTRE, SAEHKAEEETEC duke 2 14 3604 161446+13.83
T, BIEFTNTOE/KDONT, &R/ 2% 0
KTBCENTER. COBARHRERRELT LT R 4(b) FERFERICLBRBER (min-cut BE
© + B A EE AR )
Table 4(b) Experimental results (min-cut place-
K 2 CARBMAEZRLSOEGORBRIER ment+hierarchical global routing).
Table 2 Experimental results without path
length constraints. B2 | Py | RERE R [s]
# RIB K|FFvl|m | pEErkRg conl 4 37 0.05+ 0.05
BEE | exg | ik % RERE| ) rd53-hdl 3 48 0.09+ 0.12
conl 5 8 2 18 0.05 rd 53 5 94 0.22+4+ 0.24
rd 53-hdl 3 20 2 42 0.09 misex 1 6 145 0.44+ 0.39
rd53 3 15 3 81 0.15 z4ml 6 279 0.90+ 0.55
misex 1 8 21 4 117 0.28 f5lm 8 465 3.11+ 0.77
z4ml 7 29 5 235 0.45 misex 2 9 715 6.88+ 1.38
f51m 4 36 6 383 0.56 bw 8 687 8.81+ 1.07
misex 2 P 14 5 490 0.68 vg2 15 2504 44,41+ 4.22
bw 5 8 6 508 0.67 duke2 16 3981 169.58+15.62
vg2 12 57 10 1941 2.51
duke2 14 75 12 3187 4.61
- Oooooo
2t 63 303 55 7022 10.05 c c
0 DDDDDDDDDCJDDD ‘a
olo o o ‘m_mﬂnmnmmun e
x3 /fxﬁﬁ*ﬁﬂff@%%fﬁb‘/’:fgjé@%ﬁ%‘é{% o ka_DL_Dnﬂ_DAD ooo
Table 3 Exper}imental fesults with path o EEC D:_D;D:_D:_DL . D:D
length constraints. 00D DrDL_D\DrD_D»DrD oD DiD
B OR|NBE K|} 27 e | R epopopopoompoopoplpoooonan
BEH | LS8 | 2B % REERR| s DFD:D:DFD‘_D \jcur\jrmrmr ooonooon
S Te | o] 7] m[ e [
rd53-hl 0 13 2 49 0.10 rmrmrmrmim:ﬁ\cl:m:n:u:mrulDTD‘&TD o
1d 53 0 10 ” 0.15 mn booooooolon
H o c [od S N ol c I [ad [l Iy
misex 1 0 14 4 121 0.38 noponooOoodoooooOoo0dao
c ¢ ©c c T r c r c ¢ c
z4ml 0 20 5 250 0.48 Dnmmrmmrmhﬂummnmuuuu
c o o [ e
f51m 0 % 6 398 0.87 ooooooolododo ug Dojooan
misex 2 1 11 5 528 0.88 D!‘DrDrDr'D‘-DtG D;DrDrDrD:- oo o o'a
bw 0 19 6 556 1.29 cnooooojoooocoooeono
c fal (ol C [ c c [l C c c [3 C [ c
vg2 1 42 1 2122 6.15 nooooDODODODcooOoOooOOaoao
dube 2 0 50 12 3128 6.74
Z H 10 ERFEICKIEEMSEHRER (EK ve2)
Gl l 2 | 210 % 7255 17.11 Fig. 10 Layout result for vg2.
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