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Fig.1 Data path and data path digraph.
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Fig.2 A data path and data path diagraph with thru
function.
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while (there exists a cut edge in G){
e :=minimal cut edge in G;

V (e) :=the set of all vertices unreachable from any PI
in G(e);

M (e) :=the maximal subgraph of G(e) with vertex set
V(e);

construct a spanning tree T of M (e)
with the root u (u is the end vertex of e);
V' :={v € V(e) | v has an outgoing edge
in M(e).E — T.E};
choose any v from V' and insert a test MUX M
in front of the v’s input port;
if (there exists a PI ¢ unreachable to e)
connect ¢ to the other input port of M;
else
choose any PI ¢ and connect 4 to
the other input port of M;
update G by adding M and the lines;

}
apply the DFT method in [2];

03 0OO0OO0O000 DFT
Fig.3 DFT for single-control testability.
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Fig.4 Example of scheduling (k = 3).

G’ := a digraph obtained from G by removing
the observation paths of all modules in M
while (M # 0){
choose any module v € M;
determine control paths P; and Py of v
(by finding the minimum cost flow of two);
add DFT elements for P; and Ps;
for each module v on P; (i =1,2)
update G’ by removing the outgoing edge
from the input port of w that is not on P;;
M:=M-{v}
}

05 00000000 DFT
Fig.5 DFT for control paths.
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Fig.7 Paulin DFT circuit(k = 2).
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Table 2 Circuit characteristics.
#PI | #PO | #Reg | #MUX | #OP | Area(8bit) | Area(16 bit) | Area(32 bit)
Tseng 3 2 6 7 7 858.6 2499.4 8085.0
Paulin 2 2 7 11 4 1142.9 3818.9 13778.9
LWF 2 2 5 5 3 355.8 735.0 1493.4
03 00O0O0oOo MuXOOoooooo
Table 3 Added MUX and thru function.
our previous method Our methods
(2]
(k=1) k=1 k=2 k=3 Modification
(k = 3)
Circuit | #MUX #THRU #MUX | #THRU | #MUX | #THRU | #MUX | #THRU | #MUX | #THRU
Tseng 8 8 10 11 15 8 14 8
Paulin 8 5 7 6 8 7 14 7 12 7
LWF 4 3 2 4 4 4 11 3 7 2
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Table 4 Hardware overhead.

our previous method [2] Our methods
(k=1) k=1 k=2 k=3 Modification (k = 3)
Circuit | bit width HW/OH(%) HW /OH(%) HW /OH(%) HW /OH(%) HW /OH(%)
8 33.47 41.25 64.07 61.19
Tseng 16 22.61 27.83 42.43 40.48
32 13.68 17.01 25.74 24.54
8 22.50 19.15 26.17 46.38 41.98
Paulin 16 13.23 12.39 15.38 26.66 24.11
32 7.27 6.80 8.66 14.48 11.00
8 35.10 23.66 37.55 109.13 78.92
LWF 16 33.32 22.34 35.59 100.83 72.05
32 32.47 21.71 34.66 96.87 68.78

05 O0O0OO0OO0OO00OO0
Table 5 Test session.

our previous method [2] Our methods
(k=1) k=1 k=2 k=3 Modification (k = 3)
Circuit session session session session session
Tseng 21 12 10 10
Paulin 23 22 12 10 10
LWF 12 10 6 7 6
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