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Abstract

Recently, the Field Programmable Stateful Logic Array (FPSLA) was proposed as one of the most promising system
integration technologies which will extend the life of the Moore’s law. This work is the first proposal of the FPSLA
design automation flow, and the approaches to logic synthesis, synchronization, physical mapping, and automatic placement
of the FPSLA designs. The synchronization at each gate for pipelining determines the x—coordinates of cells, and reduces
the placement to 1-dimensional problems. The objective function and its gradients for the non-linear optimization of the
net length and placement density have been remodeled for the reduced global placement problem. Also, a recursive
algorithm has been proposed to legalize the placement by relaxing the density overflow of bipartite bin groups in a
top—down hierarchical fashion. The proposed model and algorithm are implemented, and validated by applying them to the
ACM/SIGDA benchmark designs. The output state of a gate in an FPSLA needs to be duplicated so that each fanout gate
can be connected to a dedicated copy. This property has been taken into account by merging the duplicated nets into a
hyperedge, and then, splitting the hyperedge into edges as the optimization progresses. This yields additional 18.4% of the
cell count reduction in the most dense logic stage. The practicality of the FPSLA can be further enhanced primarily by
incorporating into the logic synthesis the constraint to avoid the concentrated fains of gates on some logic stages. In
addition, an efficient algorithm needs to be devised for the routing problem which is based on a complicated graph. The
graph models the nanowire crossbhar which is trimmed to be embedded into the FPSLA fabric, and therefore, asymmetric.
These CAD tools can be used to evaluate the fabric efficiency during the architecture enhancement as well as automate
the design.
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Table 1. Results of logic synthesis and fabric mapping.
. Logic Fabric
Cirewit e Ta | #c | #n | #or [For | #n | Fe
bxpl | 7]10| 8 | 101 | 213 | 95 | 307 | 287 | 517
9sym |91 [12] 194 | 448 193|620 | 567 |1059
alud 14| 8 | 20 | 1025 | 2234 | 903 |3362|3062|5468
apexl [45]45 |16 | 1854 | 4107 |1062/5939(5290(9794
apex2 39| 3 [ 19| 278 | 581 | 248 |1061{1042(1577
apex3 |54|50 | 16 | 1551 | 3510 |1410/4941{4396|8306
apexb [117| 83 | 13| 822 | 1723 | 718 |2704|2553|4297
bw 5128 | 6 | 140 | 320 135|415 |347 | 753
clip 9|5 |9 | 107 | 228 | 97 | 327|307 | 541
conl 71214 17| 34 121485781
dukeZ 22|29 |18 | 460 | 1009 | 286 [1687|1517|2629
etd 65|65 | 6 | 380 | 969 | 130 |1320| 861 [2039
misex] | 8|7 |6 | 55 | 116 | 52 | 164|156 | 276
misexZ2 |25( 18| 6 | 82 | 185 | 61 | 250 | 215|407
misex3c 14|14 |20 | 505 | 1159 | 440 |1832(1618|2926
misex3 [14| 14 | 18 | 1042 | 2331 | 867 |3642|3220|5798
rd53 513|643 | 94 |44 1124|119]|217
rd73 713 (10| 105 | 237 |101 | 333 | 306 | 562
rd34 8|49 | 158 | 365 |145|504 | 446 | 852
sao2 |10| 4 [10] 120 | 257 | 108|380 | 357 | 619
seq 41|35 | 22| 1727 | 3214 |1487|6075|5575(9549
vg2 1251 8 | 8| 131 | 286 | 99 |39 | 356|632
XOro 511 |16] 16 | 30 16|39 |45 |65
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