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( Pre-Packing, Early Fixation, and Multi-Layer Density Analysis in
Analytic Placement for FPGAs )
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Abstract

Previous academic research on FPGA tools has relied on simple imaginary models for the targeting architecture. As the
first step to overcome such restriction, the issues on analytic placement and legalization which are applied to commercial
FPGAs have been brought up, and several techniques to remedy them are presented, and evaluated. First of all, the center
of gravity of the placed cells may be far displaced from the center of the chip during analytic placement. A function is
proposed to be added to the objective function for minimizing this displacement. And then, the density map is expanded
into multiple layers to accurately calculate the density distribution for each of the cell types. Early fixation is also
proposed for the memory blocks which can be placed at limited sites in small numbers. Since two flip—flops share control
pins in a slice, a compatibility constraint is introduced during legalization. Pre-packing compatible flip-flops is proposed as
a proactive step. The proposed techniques are implemented on the K-FPGA fabric evaluation framework in which
commercial architectures can be precisely modeled, and modified for enhancement, and validated on twelve industrial
strength examples. The placement results show that the proposed techniques have reduced the wire length by 22%, and
the slice usage by 5% on average. This research is expected to be a development basis of the optimization CAD tools for
new as well as the state-of-the-art FPGA architectures.
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Fig. 1. Slice structure (SLICEL) of the Xilinx Spartan II.
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(a) analytic placement (b) legal placement

a2
Fig.

8. T &M wigl 2 O HE
8. Displacement from center of gravity and
effects.
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Table 1. Sizes and device usage profiles of twelve
examples.
name ff lut iob | bm | cm | cg
c0lbp 4525| 6621 111 0 7 0
c02cc 4747 3623| 373 11 3 0
c03dr 4864 | 8920 87 4 2 0
c0d4em 5575| 6109| 365 8 1 1
c05fp 5913| 5909 199 1 8 0
cO6ie 2902 | 4425| 326 10 3 3
c07im 4095| 7085| 177 4 2 0
c08ip 8286| 5566| 364 19 5 0
c09mr 9024 | 10237| 370 20 6 3
c10ne 4536| 8414| 298 0 1 0
cllpc 2902| 2801| 153 8 2 0
cl2sw | 10109| 7661| 400 14 1 0
2 1290 ofd e SEE
Table 2. Complexity of twelve examples.
fan distributed RAM
name | oyt | 4ok 16 [ 32 | o | di6
c0lbp 3.6 7 0 64 0| 776
c02cc 29 3 5 64 69 0
c03dr 3.5 20 0 0 0 0
c04em 35 1 0 0 0 0
c05fp 3.3 29 37 42 0 32
cO6ie 33 3 0 0 0 0
c07im 3.6 3| 294 0 4| 744
c08ip 2.8 5 2 8 171 0
c09mr 3.3 16 0 0 0| 820
c10ne 3.5 1 0 0 0 0
cllpc 3.2 2 0 0 0 0
cl2sw 3.3 1 0 0 0| 768
Aok thE W BA 73 vasly) s 7)Ee
95 UE B4 0)5E Tdste] deHor 4% 5
AEE dglod ZREF Aol A FH A 23
5 /15E WA A sl gAsch kel S84
e EUTE A AR A4, 82 dRde) 27 2
4 eE AdEdor A4 £ Y TAAYL.
7t 75 A 9 mebvy 2 WAS 9% HEE
& A8 pu ~APER AP 5 RS 9o
o AdE 2o A% 5 owE S
Xilinx Spartan II XC3S1000 3§ wh=E ¢} thae
Z2ud o] 12744 o AlE Fal wiA AFEE T
t}. wjx A= XDLYR2 Zste] Xilink ISES] 9
@ F a2 e 2EY 94 J)5S 53 FPGA
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Table 3. Parameters for grid resolution, smoothing, and

2

ZI| HA 2y ¥ 2E 2Y o5 dud

5 A3 ztm ¢l gl

Table 5. Comparison of legalization displacement.

function weights. - D+0 D+0+@ D++@+6)
slices/grid| v | r | o | oy | o | displace | displace | % | displace | %

1XF Ax4 151 3 | 21 1] 4 |20 cOlbp 709153| 460553| 65| 365867| 52

2K} %2 151351 1121 2120 c02cc 561165| 424078| 76| 245601 44

c03dr | 742780| 381000| 51| 323009 43
¥ 4 = M Zo| v|m c04em | 509709| 319291| 63| 269378| 53
Table 4. Comparison of total net lengths. c05fp | 619765| 474922| 77| 353332| 57
cO6ie 198167, 139817| 71| 135560| 68
name 9+ D+O+@ | O+@+@+O c07im | 567354| 344128 61| 302064| 53
(o) .
length length | % | length |% c08ip | 1170620] 947332 81| 667745 57
cOlbp| 1019752| 735939| 72| 668969| 66 c09mr | 687720] 907240| 132| 854396| 124
c02cc | 1035962 908252| 88 757939| 73 c10ne 589960 248901| 42| 241509| 41
c03dr | 1186833 853682| 72 859905| 72 cllpc 140863] 98595| 70| 99595 71
cO4em| 949657| 773827| 81| 744135|78 c12sw | 1243380| 1504790| 121| 1221370] 98
c05fp 909391| 722447| 79| 631594| 69 A 76 63
cO§|e 738318| 616859| 84| 588316| 80 E 6 22loj~ AlRZ T

c07im 820257 626574| 76 629427| 77 Table 6. Comparison of slice Usage

c08ip | 1727764| 1391764| 81| 1333449| 77 ' P o
c09mr| 2065679| 1968307| 95| 1981547| 96 name D+Q D+R+@ | D+B+@+B)
cl0ne | 1448937| 941595/ 65| 989053 68 slices slices | % | slices | %
cllpc 381963| 315931| 83| 344659| 90 c01lbp 4104 4084| 100 3864| 94
cl2sw| 2620497| 2589769| 99| 2257211| 86 c02cc 3298 3317 101 3105| 94
H 81 78 c03dr 4833 5000| 103 4891| 101
c04em 3970 3833 97 3722| 94
ol 2= 5 =S sk & 1o 1271 A1) 3] c05fp 4518 4333] 96 4091 91
2R W a7 Abg Zzaiels gokaigitt cO6ie 2468 2533| 103 2477|100
: c07im 4008 4067| 101 3956| 99

AHey ZYZE : B :

Hed FYEE ), LUT (), VO ™ Gob), c08ip 5697| 5688/ 100 5167 91
Z vxe] (bm), 5 MUX (cm), &5 247 (cg) 7H c09mr 6052 5821 96 5837 96
TE UEHAL k. 3 2+ dAY EFEE Qoksit c10ne 4468 4587| 103 4523|101
gl %} i B-o}% = (fanout), F= < (clock), AHE- cllpc 1774 1781| 100 1798| 101

= c12sw 6812 6591 97 5425| 80
| 169 E Wl E w FE Bt v =
? 16V E (s16), 2HE (s32) & v 5L e 100 95
1445 aﬂxl*ﬂ (sr), 16 HIE 2% XE F4F vie]
(di6)e & vehiar ik 6ol A 4z} wlalatgity, A3 gEe A A 23 @
571 &7@%, 5 O N HY B QU Y+ @9 4% gom el HAECRE AU
ERH @ 0E UE BY, @ B8 27 24,0 & ud e Ul BT 99 g@she AA4Y Fa
B4 e EFHEF M SHE A TR 296tk Zole] uk (Half Perimeter) o= A4tat3dTh.
AR A 2 oA AYsE ANt 24 0] F A BAe ol ALgel W glol Hit
Aol s wiA] 8l ASE Ageke 208 3] oY 19%°] wllAd =5, 24%°] AWt FF W] Aa 59
BoARE FA4 el 27 D2 RE 2P TINF 2 molw FTPEE A AL F74HQ 3% WA
ok ZzE 244 wiA B oeA] ARsE woe 23] A o5 13%9] AW A3 W A, 18a 5% &
Ao 745 5o B ES i 3o 8.9kt grol = ARR 5 3aks XL
wpsh 2 ol WE alAlo] BAsA A S5t MwE g 24E T glov) Pay FF
Al 7E 2 2] tig wix] AdE F owid 2 o M &E HSl c02cc®] 7 =7 =3 A A
o, AWt HE Wol, bl AgFel fsh E 45 3} dlelobeg 17 9o eI 13 9 sk (b)
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Fig. 9. Placement results of c02c for three experimental setups.
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