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Abstract

This paper describes the implementation of a layout generation system for the gate
matrix style to implement multi-level logic. To achieve improved layouts from general net
lists, the proposed system performs flexible net binding for series nets. Also the system
reassigns gates by the heuristic information that shorter net lengths are better for the
track minimization. By track minimizing with subdividing layout column information, the
system decreases the number of necessary layout tracks. Experimental results show that
the system generates more area-reduced (approximately 7.46%) layouts than those by
previous gate matrix generation systems using net list inputs.
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Fig. 1. System flow diagram.
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2. Gate assignments and necessary
tracks.

(a) example circuit,

(b) gate assignment requiring 4 tracks,

(c) gate assignment requiring 3 tracks,

(d) gate assignment requiring 2 tracks.
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Fig. 3. Process of initial gate assignment.
(a) layout requiring 3 tracks and its interval
graph.
(b) layout requiring 5 tracks and its interval
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graph,

(c) composed connection graph H from (a), (b),

(d) v.d.c. matrix composed by dominant
cliques of H,

(e) v.d.c. matrix after column reassign-
ment and fill-in addition,

(f) matrix after gate assignment to every
column,

procedure Initial_gate_assignment (M: v.d.c. matrix)
begin ’
CL = column of largest dominant clique in M:
adj(CL} = columns of adjacent cliques of CL:
LE = RE = CL: f{left edge., right edge}
vhile adj(CL} is not empty do begin
Select a unmoved coluan in adj({CL} that makes the smallest increase of
# 1's in CL when fill-ins are applied:
Move the selected coluan to the better position between leftside of LE
and rightside of RE:
if the selected column is moved to leftside of LE then
LE - selected column:
else
RE = selected column:
if adj(CL) is empty then
adj(CL) = unmoved coluans of adjacent cliques of LE:
if adj(CL} is empty then
adj(CL) = unmoved coluans of adjacent cliques of RE:
end
Find comson intervals for all gates from the gate-net table:
{A common interval is a set of common columns for all nets including
specified gate}
Assign all gates to columns of v.d.c. patrix by common intervals:
end:
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Fig. 4. Initial gate assignment algorithm of
GAGEN.
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procedure Gate_reassignment (initial_layout)

begin
repeat

LN = longest net of the initial_layout:
Reassign gates of LN such that gates are positioned closely:
Get the new_layout after the net processing:
if the number of tracks is decreased then
jnitial _layout = new_layout:
until the number of tracks is not decreased:
MN = merged net of largest number of gates:
Make the gate order list GLIST by the gate order of MN:
LN = longest net of initial_layout:
if LN has just one common gate of GLIST then
Insert gates of LN to head or tail of GLIST:
RLIST = gates not included in GLIST: {remaining gate list}
for each gate g of RLIST do begin
Find the net n included in g from net-gate table:
if there is no net included in g then
Insert g after tail of GLIST:
else begin
for all gates of n do begin
if GLIST includes the gate of n then
Keep the gate position POS of GLIST:
end
Select the latest POS:
Insert g after the latest POS:
end
end
Reassign gates by GLIST:
Get the new_layout after the net processing:
if the number of tracks is decreased then
Choose new_layout:

end:
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Fig. 5. Gate reassignment algorithm.
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, Fig. 6. Layout and matrix representations.

(a) series transistor circuit,

(b) (a) circuit placed on layout,

(c) v.d.c. matrix representation of (b)
layout,

(d) v.d.c. matrix of the layout before
net merging,

(e) v.d.c. matrix from the input net list.
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procedure Flexible net binding (4 v.d.c. matrix}
begin
Rearrange TRs of series nets by the gate order:
Assign tracks of M ta all nets:
Make the lists of first and last gate column IDs for all nets of M:
for each net n of nets in M do begin

if n is connected to series net s then begin

wid_val tlast gate column 10 of n + first gate cotumn ID of n}/2:
f.dist - |wid_val first gate column ID of s/
! dist i - |mid_val last gate column ID of si:

Remove the linkage gate of ni
if f_dist {1 _dist then

Make new linkage gate of n to first gate column of s:
else

Make new linkage gate of n to last gate column of s:

33 7. Flexible vl vleld dxuelE
Fig. 7. Flexible net binding algorithm.
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struct personality_matrix_of_GAGEN {

int  row_ID:

int  column_ID:

int  state; /% 1 or Q */

char s#gate_kind: /% from net list %/

int  position: /% for precise left-edge %/

int  connected_row_ID:/* |inked row by diffusion run #/

int  end_kind: /% net start or net end ¥/
struct layout _matrix #h_link:
struct layout _matrix #v_link:

b

a3 8.
Fig. 8.
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procedure Vet_merge (P: personality matrix)
begin
for each row rl of P do begin
if vl is linked to other net by diffusion run then begin
Find connected row r2 by searching connected_row_ID field of rl:
if no canflict between rl and rZ when merging then
Merge rl. r2:
end
end

end

a8 9. vE 3 dweElE
Fig. 9. Net merging algorithm.
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procedure Track_realignment (personality matrix}

begin
loop_limit = reasonable large integer: {to avoid infinite ioop!
r_flag = NO:
k=0

DR = ¢: {set of diffusion runs}
if the layout includes layer confliction then begin
repeat
Move a conflicting ro¥ 1o outside of vertical interval by
diffusion run:
Increase k:
if no layer confliction in the layout then
r_flag = YES
until r_flag = YES or k > loop_limit:
end
if r_flag = NO then begin
Enlarge conflicting space between columns:
Separate conflicting diffusion layers:
end
DR = all diffusion runs whose lengths are more than 2 track pitches:
for all duffusion runs of DR then begin
if one of two rows connected by diffusion run can be switched by other
row to reduce diffusion run length then
Switch rows:
if there is empty track space to move a net of diffusion run to reduce
diffusion run length then
Move the net to the empty track space:
Update DR:
end

end:

a8 13, EY AR dxels
Fig. 13. Track realignment algorithm.
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Fig. 14. Layout comparison.
(a) an example circuit,
{b) result by the system in [7] ,
(c) result by the system in [8] ,
(d) result of GAGEN.

E 1. GAGEN®} e} Al2Hlo| Az} v
Table 1. Result comparison between GAGEN
and other systems.
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Fig. 15. CLA unit layout generated by GAGEN.
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Fig. 16. 4-bit ALU layout generated by GAGEN.
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