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Universal Packing Algorithm for FPGA Based on Logic Block Modeling
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(State Key Laboratory of ASIC & System, Fudan University (Zhangjiang Branch), Shanghai 201203)

Abstract Logic block packing is the last procedure of FPGA technology mapping. A novel function level modeling method for programmable

logic block is proposed. Based on this modeling, a universal logic block packing algorithm FDUPack is presented. In the experiment some logic

blocks of different types of FPGAs are modeled, and by using the packing algorithm a lot of benchmarks are packed to these different types of logic

blocks. Compared with the existent logic block specific packing algorithms, FDUPack is structure-independent and universal.

Key words Technology mapping; Packing algorithm; Modeling; Field programmable gate array

1 Altera FLEX-8000 FPGA
(Logic block) (FPGA)
FPGA
FPGA . B -input out
(SRAM) FPGA mputs:: LUT * OFF
EPGA Clock—{>
FPGA (a) Basic logic element (BLE)
(Mapping) (Packing) )
. j—l__ BLE
(look-up table, LUT) (multiplexer, MUX) j_-— #1 N
(flip-flop, FF) P
( | : el ouy
< * BLEs utputs
) LUT MUX )—|
F—— BLE
N I #N
L
I 1 |——| f —
Inputs
LUT FlowMap ™ Clock _
MUX Proserpine 1@ (b) Logic cluster
FPGA 1 BLE
FPGA
T-VPack BLE(Basic Logic Element)
(cluster) ( 1 ) (AMO0406)
T-VPack LUT (60076014)
DFF BLE BLE (1981 )
UCLA RASPM FPGA FPGA
3 FPGA
Xilinx XC3000 XC4000 FPGA 2006-05-30 E-mail nigang@fudan.edu.cn

—239—



FDUPack
2
FPGA
FPGA FPGA
1 Switch MUX
SRAM
2 Function Device
LUT MUX
Carry Chain
2 Xilinx
XC4000 FPGA B
2 4 LUT 1 3 LUT 2
R1~R10
3 Pattern Circuit
0 1
HL DINHz SRHO |EC
G4—| I: [ v
Q
G Lur DFF
G2— ) N
R1 LUT f
F4—] H EI | RS :IJ XQ
4 DFF
B 2 :‘TH |
F2— R6 ' R7 RIO
F1— F
K R8
2 XC4000
FPGA
3 XC4000
R1~R10=0010101111 XC4000
1

—240—

G4 —
G3 —
P 4-LUT  }—Y
G1 —
CLK "
F4a —]
F3 — L D
e, | 4LUT ik Q XQ
F1 —
H1 —] 5
HO —] 3-LUT —n—'_CIk Q —YQ
H2 —
3 XC4000 0011001111
1 XC4000
R1~R10
4-LUT+DFF / 3-LUT+DFF
0011001111
4-LUT
- + - +
0010101111 | +LUTOFF / 4-LUT+DFF
3-LUT
3-LUT+DFF / 4-LUT+DFF
0011001011
4-LUT
4-LUT+DFF / 4-LUT
1111101111
3-LUT 3-LUT+DFF |/
4-LUT+3-LUT+DFF / 4-LUT+DFF
1011101111 ,
1110101111 |2 4LUT s-LuT
DFF
4-LUT+DFF  / 4-LUT+DFF  /
xx10001111
xx00xxxx1x |1  DFF
FDUPack
FDUPack
FDUPack
FDUPack
4
(1)
(2)




1(a)

[6]

@)
1)

2)
3)
4)
@
1)

2)

3)
®3)
)

2)

3)

(2)Xilinx

3

4 FDUPack

>”  FDUPack

FDUPack Windows C++

@)

XC4000

FPGA

FDT200k
MCNC

BLE
CLB( 2) (3)

[71

FlowMapt!
FDUPack

3 T-VPack®!
BLE
A RAsp M
lut2xcdk XC4000
B FDUPack T-VPack lut2xc4k
3 2
23
FDUPack T-Vpack lut2xc4k
A B C A |B|lC|A| B |C
9symml 89 46 84 89 Iy 42 /
alu2 300 149 280 | 300 |/ |/ |/ | 132 |/
alud 1805 892 1756 | 1805 | / |/ | / | 766 | /
C3540 410 205 387 | 410 |/ |/ |/ | 181 |/
C432 95 51 92 95 |/ |/ | 1| 44 |1
C5315 629 314 570 | 629 |/ |/ |/ | 211 |/
C6288 741 371 422 | 741 | /| 1| 1| 371 |/
C7552 788 394 72 788 [ {71 ] 336 |/
€880 139 70 124 | 139 | /| /| /| 65 |/
cordic 845 387 797 845 I {1/ | 356 |/
count 41 29 37 T A O A O B R R
dalu 643 322 583 | 643 |/ |/ |/ | 286 |/
des 3427 | 1414 | 2672 | 3427 |/ |/ | / | 1385 | /
frgl 303 152 281 | 303 |/ |/ |/ | 149 |/
i10 946 472 881 | 946 |/ |/ |/ | 424 |/
i2 79 39 79 79 | /{11 37 |1
i3 46 21 46 46 | /|11 21 |1
rot 517 255 485 | 517 |/ | /| 1| 227 |/
t481 609 271 596 | 609 |/ |/ |/ | 267 |/
too_large | 5522 | 2497 | 5166 | 5522 | / | /| / {2497 /
x1 760 374 726 | 760 |/ |/ |/ | 358 |/
z4ml 78 42 66 78 | /{11 37 |1
2 BLE
FDUPack T-VPack XC4000 CLB
FDUPack lut2xcdk T-VPack  lut2xcdk
FDUPack
FDUPack
FPGA
FDUPack FDUPack
FDUPack
FDUPack

( 244 )

—241—



