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min Ib(g ")

min

min ub(g ")

Ib(c; ")

min 1b(G ") = MiNgk2pir ectranin () (MIiN (kK ";¢) + min - di, ")
min  ub(c ") = MiNgk2pir ectranin () (MiN - ub(k "; 6)+ max  dyc ")
min bk ";¢) min ub(k ;)
k Gk
min Ik ";¢) = min Ib(c ")+ min Dg "
min  ub(k";c¢) = min ub(cc ")+ max Dg . "
G
min ub(g ")
min bk ";¢c) min ub(k "; )
min 1b(c ") = Maxc(min bk ";c) + min  dgg ")

min ub(g ") = Max(min ub(k ";c) + max dgg ")

k 2 Dir ectFanin(c) k
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Ib(G ") = Maxgc(max Ib(k ";c)+ min dgg ")
ub(c ") = Maxg(max ub(k ";c)+ max dgg ")
k 2 Dir ectFanin(ci)
max Ik ";c) max ub(k ";c)
k
Ik ";6) = max Ib(c ")+ min Dg,¢ "
ub(k ";c) = max ub(c ")+ max D "

Ib(c; #) = Maxk(max Ib(k #¢c)+ min dgg #)
ub(c #) = Maxg(max ub(k # ¢)+ max dgg #)
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max dac, = 9:3
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min
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dec, = 517 max deg, = 7.7

dp.g = 3:3 max dyg = 3.7
dee = 3:3 max dee = 3.7
dd;cg = 4 maX dd;cg = 6
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Cy min Ib(a ";cg) = 1 min ub(a "
1Cg) =2 min lb(b";cg) =1 min ub(b";cy) = 2

min 1b(cy ") = Max(min Ib@";cq) + min da, ";min Ib(b";cy) +
min  dpg, ") = 8:3
min ub(cg ") = Max(min ub(a";cy) + max dagc, ";min ub(b";cq) +
max Opg, ") = 12
Ce min 1@ ";c) = 1 min ub@"

;C) =2 min Ib(c";c) =1 min ublc";c) = 2

min 1b(ce ") = Max(min Ib(c";c) + min dee ") = 67
min ub(ce ") = Max(min ub(c";cs) + max dc ") = 97
G min Ib(b ";¢) = 1 min ub(b"

;¢) =2 min Ib(c";¢) =1 min ublc";c) = 2

min Ib(c ") = Min(min Ib(b";c) + min dy ";min Ib(c ";c) +
min  dee ") = 43
min ub(c ") = Min(min ub(b";c )+ max dpg ";min ub(c";c) +
max e ") = 57
Cy min Ib(d ";cg) = 9:3 min  ub(d "
;C) = 14 min Ible ";¢) = 7:7 min uble ";cg) = 107



min Ib(cg ") = Max(min Ib(d ";cg) + min  dge, ";min Ib(e ";cg) +
min  deg, ") = 133
min ub(c ") = Max(min ub(d";cy) + max dgc, “;min ub(e";cy) +
max deg, ") = 20
Ch min Ib(e ";c,) = 7.7 min ub(e"
;Ch) = 107 min I(f ";c) = 53 min ub(f ";c) = 67

min 1b(c, ") = Max(min Ib(f ";cy) + min de, ") = 12
min ub(c, ") = Max(min ub(f ";c,) + max d, ") = 154

Ch
max Ib(c, ") = Max(max Ibe";cy) + min deg ";max Ib(f ";c,) +
min  d;, ") = 144
max ub(c, ") = Max(max ub(e ";c,) + max deg ";max ub(f "

;Ch) + max dg ") = 194
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Dir ectFanin(j) j

G(j; i; p) 8 2 B;i 2 DirectFanin(j);p; 2 ' ;#,?; g
Pi | i
G(j; i; pr) J



. Pi
GG i p) = |
J | P
A() J
A(J) = Sum(p 2 inDlreCtFamn (J)J;( i2Dir ectF anin (j)G(J; g p')) J(p));SJ 2
B
p jDir ectFanin(j)j pi J(p) IS
J p
j ipl  ip2 A(j)

sum((pip1;Pip2) 2 5% 2,9 5#72, 9 :G(j; ipLpp) G(; iP2; pip2)
J (pipl; pipZ))

sum(p 2 ' ;#;?; 9 ;G(j; i;p)) = 1, 8] 2 B;i 2 DirectFanin(j):

sum(j 2 Dir ectFanout(i); G(j; ;") + G(; ;?) 1,81 2B
sum(j 2 DirectFanout(i); G(j; i; #) + G(j; ;7)) 1,8 2B



min [Ar ea(C)]
AreaC) sum(j 2 B; Areaj))

C
max[sum(j 2 L; G(j; i 2 DirectFanin(j); ))]
L

min[sum(j 2 L; G(j; i 2 DirectFanin(j);") + G(j; i 2 DirectFanin(j); ?)]

fgl; 92, g3; g4, g5; g6g
fil;12;13;i4,;i5;91; 92; 93; g4g



fi2;92; g3; g6g

G(g1;i1;");
G(gLiz;");

G(g6;03;");
G(96,94,");

G(91;i1;#);
G(9L;i2;#);

G(96;93;#);
G(g6; 94, #);

G(91;i1; ?);

G(9Li2;?);

G(96;93; ?);
G(g6; 04, ?);

G(gLi1,
G(91,i2;

G(9g6; g3;
G(g6; g4;



G(gLiL") G(gLiz") GI(";")+ G(gLiL") G(gLiz#) GI1(";#)

A(g91)
+ G(gLiL") G(gLiz?) GI(";?7)+ G(gLiL") G(gLiz ) G1I("; )
+ G(gLiL#) G(gLiz") Gl#")+ G(gLiL#) G(gLiz#) Gl##)
+ G(gLiL#) G(gLiz?) Gl )+ G(gLiL#) G(gLi2 ) GL# )
+ G(gLiL?) G(gLiz") GL(%")+ G(gLil?) G(gLiz#) GL(%:#
+ G(gLiL?) G(gLi2?) GL(2:?)+ G(gLil?) G(gLi2 ) G1(?; )
+ G(eLil ) G(gLiz") GI( ")+ G(gLil ) G(gLiz#) GL( ;#)

+ G(gLil ) G(gLiz?) GI( ;?)+ G(gLil ) G(gLiz ) GI( ; );

A(g2);:::; A(g6)

G(gLiL") + G(aLiL#) + G(gLiiL;?) + G(gLiL, )= 1
G(gLiiz") + G(gLiz#) + G(gL12,7) + G(gLi2 ) = L,

G(06;93;") + G(g6;93;#) + G(g6;93;?) + G(g6;93; ) = 1;
G(g6:94") + G(g6:94:#) + G(g6,947) + G(g6,g4 ) = L



G(gL,iL;")+ G(9L;iL;?) L
G(gLiz") + G(gLiZ,?) + G(g2i2,") + G(9212,?7) 1,

G(g6;04;") + G(g6,04;7) 1.

G(gL il # + G(gL;i1;?) 1,
G(gl;i2;#) + G(0L;i2,?) + G(g2;i2#) + G(g2;i12,?) 1,

G(g6; 94, #) + G(96;94,?7) 1

min[A(gl) + A(g2) + ::: + A(g6)]:

min[G(g2;i2;") + G(g2;i3;") + G(g3;92;") + G(g3;i4,") + G(g6;93;") + G(g6; g4 ")

+G(02;12;?) + G(g2;i3;?) + G(g3;92;?) + G(g3;i4;?) + G(g6;93; ?) + G(g6; g4, ?)]:
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number of gates

18



[
; GG ;") =
=1
G(; i;?) =



G i;#) =G(;i; )=0 A()

G(;i;?=1 G(;i;")=G(; i;#=6G(@;i; )=0

f?, 9

sum(j 2 Dir ectFanout(i); G(j; i;?)) 1,8 2B



sum(j 2 DirectFanout(i); G(j; ;") + G(j; ;7)) = 1,81 2 B
sum(j 2 DirectFanout(i); G(j; i; #) + G(j; ;7)) = 1,81 2 B






G(j; i; p)

G(j; i; p)
G(@; i; )



B L
G file
8i 2 B
0< jDirectFanout(i)\ Lj < jDir ectFanout(i)j
8j 2 DirectFanout(i) : j 2 L

G@Gii; )i=1
G(j; i; p):nonvar = 1
8n2L

G(n; Dir ectFanin(n); p):priority := 1;

G G file

G(j; i; p):nonvar



B
B PO(B)
n:level n2aB L max

n:level := 0;8n 2 P1(B)
n:level : 1,8n 2 PI(B)
8n 2 PO(B)

level(n)
8n 2 PI(B)

n:level := min(j:l eveljj 2 Dir ectFanout(n)) 1
Lmax := max(n:leveljn 2 B)

n:level; 8n 2 P1(B) L max
level(n)

level(n)
nlevel= 1
n:level := max(level(i)ji 2 Dir ectFanin(n)) + 1

B PI(B)

L max

UnackedNodes i 1
i  NodesToAck
UnackedNodes N odesToBeAcked

N odesToAck

N odesToAck

1

UnackedNodes



B L max B

G file
nodegl) I
UnackedNodes N odesToBeAcked N odesToAck
I | Lmax |
UnackedNodes:= UnackedNodes[ N odegl)
N odesToAck := nodegl + 1)
NodesToBeAcked := fi 2 UnackedNodes 9DirectFanout(i) 2
N odesToAckg
sub G = fG(j;i;p)jj 2 NodesToAck;i 2 (DirectFanin(j) \
N odesToBeAcked)g
sub A:=fA()jj 2 NodesToAckg
sub variables:= sub GJ[ sub A
sub C1 := fCljj 2 NodesToAck;i 2 (DirectFanin(j) \
N odesToBeAcked)g
sub C2 := fC2ji 2 NodesToBeAcked;j 2 (DirectFanout(i) \
N odesToAck)g
sub constraints := sub C1[ sub C2
sub objective:= O area;wherej 2 N odesToAck
sub problem:= fsub variables;sub constraints; sub objectiveg
sub probkem
sub probem:status = OK
UnackedNodes:= UnackedNodes N odesToBeAcked
8i 2 N odesToBeAcked j 2 Dir ectFanout(i)
j 2 NodesToAck
G(j; i; p):nonvar := 1
G@Gri; )=1
G(; ;") = G(j; i; #) = G(j; I;?) == 0




! Increasing Leve

1
i1 N odesToAck
[
N odesToBeAcked = f2;4g
sub G G(j; i; p)
] N odesToAck i N odesToBeAcked
G(54,p) G6;4p  G(6:2p)
N odesToBeAcked

UnackedNodes
i G(j; i; p):nonvar

G(7;4;p):nonvar = 1



B
G file
8i 2
irack := 0;
I:f arthest:= 0
8j 2 Dir ectFanout(i)
j:level > i:f arthest
i.f arthest := j:l evel
8) 2 Dir ectFanout(i)
j:level = i:f arthest

G@:i;?) = 1,

G(j; i; p):nonvar := 1
ilack ;= 1

G@; i, )= 1

G(j; i; p):nonvar := 1

irack := 0







boolean
network

technology initial PA initial initial
i i DRFM PA delay
mapping mapping AT, e
TM mappe connection connectivity
network e e solution
\/\\ information
level level /
analysis information
PA mapping G
I PA , PA -
A | min delay final DRFM et delay PAax
@ analysis netlist analysis @
delay info

delay info

"



G(j; i; p)

:genlib



L max











































DRFM function rfnb rfn b

NAND2 a#b" NAND2 a" b#
NAND2 1100



N OR

N AN D















M) =1






(22GAT(10),1)
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(2GAT)'D) (23GAT(9),9)
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