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Abstract: Time-Division Multiplexing (TDM) technology is widely applied to solving the 10 limitation problem
to improve the routability of FPGA system. However, the increase of the TDM ratio leads to a significant
increase in system delay. Therefore, a Multi-Stage Co-Optimization FPGA routing (MSCOFRouting) for Time-
Division Multiplexing is proposed in this paper to optimize the system delay and the routability of FPGA
system. First, an adaptive routing algorithm is proposed to reduce routing congestion, improve the routability,
solve the routing optimization problem between FPGAs, and provide high-quality routing results for subsequent
TDM ratio assignment. Second, to avoid the delay degradation caused by excessive TDM ratio of large-scale
net groups, a TDM ratio assignment algorithm based on Lagrangian relaxation is utilized to assign the initial
TDM ratio with a smaller delay to the edge distribution system of the routing graph. In addition, a multi-level
TDM ratio optimization algorithm is used to reduce the TDM ratios of the net group with maximum TDM

ratios. The TDM ratio reduction is employed for the net group and the FPGA connection pair. Meanwhile, a
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multi-thread parallelization method is integrated into the three algorithms above to improve further the
efficiency of MSCOFRouter. Experiments show that MSCOFRouting can obtain the results satisfying the TDM

ratio constraint, and achieve the best routing optimization results and TDM ratio assignment results.

Key words: FPGA systems; Logic verification; Time-division multiplexing; Routing; Lagrangian relaxation
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IR o AT AT R ) o S5t 913, S4
FH2 TP, kil H8ANZEFE . 16726 F% .
24N LR 2 R IF AT 7, MSCOFRouting
Syl LIS 331145 . 3.8245 F14.08f% BNk . %%
2R W (AR L A — AR I Ol . R T B 2 Nk
i [F) & o5 AR S S B A e, R e JL s Ar
ST INBERE . W R F ST R T 2
CE A LA o, )5 B S A L A FH A 0t R )
RFHEATS R . PR LR &2, s
AFEE I TR TN, IEAT I Rl A R B s o
4.3 BENMELE AW MINIE
T BGAIE A IS NAT R SEI A S, AR
FH ) S AN 1 3 A 2 500k 5 R R B & Y
A L R B K TDM B R AT Ledst . 3R5 4R AN
A A 1K) O N AT 2 Bk s g g5 . il 2
TR — PR 85 o AN R IZ AT AR P R 3k A3 1. 385
T ATRIGIA R B A A
* 3 WXABIEE

ATRy,—y = TRy, —» — TRysr (19)
AN TR RS B AR 2 0K A TREE R B Ak R 188
h14.26%, 11.63%, 4.88%F110.93% . HH L5 45 R
a5, M4t,=0.19, t,=1.81I, A& N A2k 595
BB H TR A et B At BIA £ ZE 1)
0L, MWD s KTDMELZ . [ i i ix s
ATRIPRAG R AT LU H 3 W AT 2 5051 LA 2L
AT R FE T DU L, fR R FPG AT 1) A7 2 A1
i), A A Zeat B, AR > RGN LE
4.4 LROFCEEMTDMEL R E SE GBI
A TDMEL R LA VLA TDM L R AL 5
iz 2 Y i i e FPGAAT 2 23 ALIFRouter
AT LA . R LRAM LA AN Z 2 IR TDM
P AR L I S 45 L, 5 ALIFRouter [ 5K
B0 B AT R L o EHs 42 N 7] — FR A v i 842k
ST IR h IR 1. B ATRIAL R 2
FHMSF Route £t #4- I3 1] 75 21 (1) 28 4 21 1) B K
TDM b & i 2= 48 ] ALIFRouter {# i TDM L %
O3B SHVE A I TDM BSR4 Sk 5 3R 15 1 Bk
TDMEL A2, S5 ALIFRouter AL, #Fh

% P 451 #FPCA #Net #NG #Edge 12 000
-3
S1 43 68456 40552 214 10,000 &
) . . - H2
S2 56 35155 56 308 157 = 8000
S3 114 302956 334652 350 =
= 6000
S4 229 551956 464867 1087 =
w4000
S5 301 881480 879145 2153
" A ] 2 000
6 10 785539 910739 1852 i —
H1 E 4310 50417 289 1R SHmE 164 UME
H2 157 610675 501594 803 R
H3 487 720520 886720 2720 NN .
5 AT I i AT e
% 4 AXHEEZS5ALIFRouter XMSFRoutefIS23E L4 (TR ATDM Ratio)
\ MSFRoute ALIFRouter AL
T " - :
TR(10?) RT sco TR(10?) RT sco TR(10%) RT sco
S1 39 34.32 39 38 24.88 38 37 30.58 37
S2 32097 20.51 32097 31736 19.58 31730 31671 20.86 31673
S3 129396 289.91 129375 127826 304.50 127832 127046 300.99 127046
S4 7301 642.51 7301 6466 641.62 6466 6312 619.88 6311
S5 5370 1673.51 5371 4766 1558.48 4766 4618 1570.51 4618
S6 15759857  4536.33 15757896 15751307  4668.18 15751307 15747236 4845.90 15749791
H1 409 654 76.86 409661 409026 76.54 409026 408487 66.81 408246
H2 45947775 132296 45947798 45942757  1322.81 45942757 45934257  1217.81 45917758
H3 4871917  5283.91 4868324 4866484  6593.58 4867575 4861401  6261.79 4861401
sum - - 62289539 - ~ 62273922 ~ - 62245480
Normalized 1.0457 1.0208 - 1.0105 1.0044 - 1.0000 1.0000 -
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R (t=1, t,=1)

K (t,=0.21, t,=1.79)

KH(t,=0.2, t,=1.8)

K (1,=0.19, t,=1.81)

KH(t,=0.18, t,=1.82)

Y ATR(10%)  Ratio ATR(10%) Ratio ATR(10%)  Ratio ATR(10%) Ratio ATR(10%) Ratio
S1 1 1.0000 1 1.0000 1 1.0000 2 2.0000 1 1.0000
S2 375 1.0000 417 1.1120 423 1.1280 428 1.1413 412 1.0987
S3 1841 1.0000 1864 1.0125 1948 1.0581 1986 1.0788 1941 1.0543
S4 832 1.0000 857 1.0300 931 1.1190 950 1.1418 927 1.1142
S5 604 1.0000 627 1.0381 697 1.1540 717 1.1871 687 1.1374
S6 11574 1.0000 13614 1.176 3 12001 1.0369 12009 1.0376 12004 1.0372
H1 798 1.0000 801 1.0038 807 1.0113 812 1.0175 808 1.0125
H2 7742 1.0000 7785 1.0056 7795 1.0068 7821 1.0102 7801 1.0076
H3 6214 1.0000 6245 1.0050 9521 1.5322 10098 1.6250 9457 1.5219

S - 1.0000 - 1.0426 - 1.1163 - 1.2488 - 1.1093
F 6 LROEEE(BITDMEL RS AL EX) MTDMEL MU B EBRIERIE
— ALIFRouter REFH LRIMHLHE Rﬁfﬂ TDMEL AL

ATR(10%) Ratio ATR(10%) Ratio ATR(10%) Ratio

S1 1 1.0000 1 1.0000 1 1.0000

S2 384 1.0000 421 1.0964 419 1.1607

S3 1877 1.0000 1960 1.0442 2155 1.3726

S4 848 1.0000 889 1.0483 937 1.1222

S5 621 1.0000 635 1.0225 690 1.1424

S6 11994 1.0000 18550 1.5466 11989 1.4022
H1 799 1.0000 804 1.0063 804 0.0022
H2 7775 1.0000 7776 1.0001 7776 1.5496
H3 6220 1.0000 6419 1.0320 6429 1.1833
S - 1.0000 - 1.0885 - 1.1039
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