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Chapter 1

| nt r oducti on

The devel oprment of VLS, very |l arge scal e integra-
tion, has nmade possi bl e the production of extrenely conpl ex
mcrocircuitry on silicon mcrochips. [t would be erroneous
to assune this chip, once produced, wll always function
correctly. -Due to-physical limts of the nateri al s used and
ot her possi bl e problens that nay devel op, it is necessary
totest the circuitry for valid output at randomtines. |t
I's possible to exhaustively test the circuit. But for a QUT
circuit under test, wth ninputs this requires testing 2n

I nputs. Thi s nunber becones unw el dy when n > 16.

An alternative to exhaustive testing is using a fault
nodel and generating a set of test vectors, T, for each fault
in the nodel which adequately tests the circuit. Assune T
has N vectors. Let o be the set the QJT will produce'cor-
responding to T if the circuit is functioning properly. The
har dware needed to directly store T on chip, call ed prestored-
Talong with QJT is shown in Figure 1. The first ROM contai ns

the set T and has dinensions N * n. A second ROM hol ds t he
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Figure 1. Prestored-T and Prestored-0 for Bl ST.

set O, Prestored-0. The first part of this thesis deals with
alternativeinplenentationsfor T. W wll then consider

I npl enentation of o and T taken as a single ROM

Wen testing the circuit in Figure 1 a test vector,
tj is sent tothe QJI. The QUT generates an output wyi, which
I's conpared to the expected output oj. An error woul d occur

if oj # wy for any i. —

Let T: { tl,tz,l.o,tN }'
| f ti= apajajz..sapn-31;, tj= bgobibs...bp-1 , and

1 if ax # by

e (ak,bx) =
0 if ax = by

n-t
t hen Hamm ng di stance i s defined as Hiti, ty) =% e (ay,by) ,
K=o

i.e., the HHommng di stance i s the nunber of positions that



tj and tj differ.

In 1], a nethod to reduce the area required to store
T on chip was presented. The procedure devel ops an ordered
set Ty = { s;,83,...,8y ;. Tj contained all of set T, however
in Ty, H(sj,sj+1) =1 for any i. This special property of T;
nmakes possi ble a nore efficient storage schene than Prestored

-T. The nethod is given belowas A gorithmep1.

Al sorithmepi; -
Input T; Qutput T;;
vector X;
Begin;
X = t37
place x in Ty;
Wile (T ¢ T;) do _
Begin;
Choose t3 to be the first vector fromT - T; such
that H(x,t;) < H(x,t5) for all ty inT = T,.
Let d = H(x,ty):
Add d = 1 vectors into Ty so that adjacent pairs
have Hamm ng di stance of 1;
Add t; to Ty;

x 1= ty;



3
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[e]

Let r =the snallest integer such that 2¥ > n. The
desi gn of Figure 2 Wi ll produce the set T; if the register
isinitialized to the first vector of Ty, and the ROM contai ns
the position of change between successive vectors of 7. Let
M be the size of T;. The size of the RMwill ber *M M
wll determneif there is any actual savings of RCM space.
Mis dependent on t he-nethod used to generate T;. A gorithm

P1 produced savings up to 50%conpared to Prestored-T.

Fiqure 2. The hardware needed to inplenent A gorithmP1.

The size of T; is about twice that of set T Wile
the increase in the test set size m ght be viewed as subst an-
tial, inareal tine analysis it is not very significant.

(e vector wll only require mcroseconds to be tested. Even
if the test size is doubled, total tine spent on testing wll

still be on the order of mcroseconds.



In Figure 2 additional hardware, specifically a n bit
register and a row of n XOR gates, are added to the origi nal
hardware. 1In order for this to be a feasibl e approach, the
ROM savi ngs nust offset the cost of this additional hardware.
Wth any test pattern generator, TPG such as A gorithmepi,

t he ROV savi ngs nust be greater than the cost of the hardware
added to the chip. Exanple 1 illustrates the application of
A gorithmepi.

Example 1: - -
Let T = { 0000, 0111, 0011 .
Prestored-Tw Il require a RoM = 0000
0111 3 * 4 = 12 bit Rom.
0011
A gorithmp1 woul d produce T; = { 0000, 0010, 0011, 0111 ;.
Assumng the register of Figure 2 is initialized to 0000, the

ROM needed woul d be : 11 N _
8)-2 3" 2=6 bhits.

A gorithmPl saved 50%of the original ROM. -The
natural questionto ask is : are there other TpPGs than the
one givenin [1]?2 VW wll study this questioninthis

t hesi s.



Chapter 2

Right Grcular Shift th

In the TPG of Algorithmpl, r bits are used to store
t he position of change between successive vectors of T;. Thus
all owi ng each bit of change to be any of the n positions. One
possi bl e way of saving nore ROM space woul d be to use fewer
than r bits-to represent each position of change. A Rght Qr-
cul ar Method, RcM(z), usesr -z, z > 0, bits to represent

t he change between adj acent vectors.

Using only r = z bits to represent each change of
position presents a problemin 'mobility'. Unlike A gorithm
P1, which could conpl enent any of the n positions at any time,
a RcM(z) does not have the option to conpl enent each of the
n positions at any time. For a RcM(z) to eventually be abl e
to conplenent all n positions, the positionto be conpl enented
nust depend on nore than the val ue being held in the_F -z
bits. Wile these additional values could cone froman out -
si de source such as another ROM it is desirable to produce

t he second set of values fromthe RCMitself.



Figure 3 shows the hardware configuration we w | |
use for rReM(z). It has a shift register which is initialized
toall o's except in one position. The RCMcont ai ns t he nunber
of positions the shift register nmust be shifted to formthe
next vector. Through the position of the single one bit the
shift regi ster saves the | ast position conpl enented and nakes
it possible for the RcM(z) to reach all n positions within a

certai n nunber of noves.

| ROM |---->| Decoder |--->| Shift Register |----- +
———————————————————————————————————— I
I
i LT . +
I
| _______
- > ] 2 TEEEEEEEEEEE
XR |---->1 Register |---+->QUT
to————- e I el |
I |
I I
T T R SR ——— +

Let PGS be the current position of the single one bit
inthe shift register. Define RANGHPCS, z) = { MOD(;DE)S + i,
n) for o <i< 2¥°2- 1. For agiveninitial set T, if T,
I's the set of vectors produced by rRcM(z) then :

(1) adjacent vectors of T, differ in only one bit,



(2) if ty and tj4q differ in position POS, then tj,; and

ti+2 differ in a position which is in RANGE(POS,z).

In the foll ow ng, unl ess otherw se specified, RCM
will refer to RcM(1) and RANGE(POS) = RANGE(POS,1). The
first ROMnethod is presented next. Let X = apay...ap-7 and
Yy = bgby...bp-1. Assune PGS = o initially in all of the fol-
lowing algorithns. W will showthis assunption can be re-
| axed wi thout adversely affecting the perfornmance of al go-

rithmresults.

Algorithm P2;

| nput T,POS; Qutput T,;

Vect or x;

Begi n;
X = t3:
Add x to Ty;

Wile (Tg Ty, ) do
Begi n;
choose t; to be the first vector fromT = T, such

that H(x,ty) < H(x,tq) for all ty inT - Ty
Cal | LINK(POS,x,ti,T5):
X 1=ty

End



End.

Algorithm LI NK
| nput PoS,x,y,Ty: Qutput Toy;:
Begi n;
Wile( x #y )do
Begi n;

Let g be the next differing position between x
and y fromPC5 in a right circul ar manner
Lf g-is-in RANGE(POS) then
Begi n;
X:=apaj.ssaq-.-ap-1; CONMPl ement position g
add x to Ty;
PGS = q; ..

k := MOD(POs + 2¥~1l-1,n);

- X = apgadj)ese@keecn-17 --
add x to Ty;
X 1= agaj.ss=dkges.an-y’
add x to Ty
PCS = k;

End



End;
End.

Example 2

Let T = {0000,0011)}. Applying ROM Algorithm P2 woul d
yield T, = {0000,0100,0000,0010,0011}. Notice in T,, 0000
appears twice. T, and Ty are ordered sets and duplication of
vectors is required for T,. For the first occurrence of 0000,
PCS = 0, but for the second tinme 0000 appears PG5 =1 It is

this changein PC5-that nakes these duplications necessary.

It is worth noting Al gorithm®p1l would produce Ty iden-
tical to T2. Assumng the standard regi ster of both nethods
isinitialized to 0000, Algorithmp1l would require a 3 *2 s
bit ROV and AlgorithmP2 would need a 4 * 1 = 4 bit ROM
Prestored-Tneeds a 4 * 2 = 8 bit ROM _

AlgorithmP2 is the rRecM(1) extension of Al gorithmpi.
The size of T, can be larger than T but T, could still use a
smal ler ROMthan Ty since one less bit is needed to store the
position of change. PGS was assunmed to be o initially in
AlgorithmP2. The follow ng Lenma can be used to elimnate

this assunption by nodifying T,.



Lemma 1
For any value of PCS # o and gi ven vector x, a RCM
can produce a PG5 = o with x unchanged by addi ng 6 or |ess

addi ti onal vectors into T,.

Proof :

Assune position k refers to bit ay. Let tj = agaj...
an-1. |f the conpl enenter nakes a ROM nove to position k to
formtjsq, then conplenments position k againto formtj4s,
since ay conplenmentedtwiceis ax then t; = tiya. W have

changed t he val ue of PGS without changing the vector.

Assume PG5 = 1. Myve the conpl enmenter to the right
nost position of RANGE(PoS). This changes the val ue of Pos ..
to equal MY (2¥-1-1) +1|,n ) = Mop(2¥"1,n) = 2¥~1, W want
to conpl ement position tw ce thus adding two vectors to T,..
If o is nowin the RANGE(POS), we can nove to position o and
conpl erent twi ce, and so the nunber of added vectors is only

four.

| f position o0 not in the RANGE(POS), then n = 2F,
The right-nost position of RANGE(POS) will be: position =
MoD(2Y-1 + 2¥-1 - 3, n) = MoD(2¥"1(1+1) - 1,n) = MOD(2F - 1,n)

=2¥ -1 Myving to this position and conpl enenting tw ce



woul d add two nore vectors to T,, and change PCS = 2¥-1. The
conpl enenter is shifted one positionto the right and again
conpl ements this positiontwice. Atotal of 6 vectors have
been added, we have the sane vector we started with, and

POS = 2F¥ -1 + 1 =2Y = n = 0.

Since PGB =1and n = 2¥ is the worst case, for al
ot her values of PG5S > 1, four or fewer vectors need to be
added. For all 1 < PCS < 2¥~1 | 2¥-1 js in the RANGK PCS) .
Hence we coul d nove t he conpl enenter to 2¥~1, and conti nue
the proof as before. For all 2¥~1 < POS < n-1, n-1is inthe
RANGE(POS). Therefore the conpl enenter can be noved t o n-1,
and t he RANGE(POS) Wi ll contain o.

Q.E.D..

Lerma 1 shows that if we start with POS # 0, for any
chosen starting vector, POS can be adjusted to o without ad-
ding a significant nunber of vectors. This is true as |ong
as Nis significantly large. For sinplicity we will assune

all the followng Algorithns begin wth PGS = O

Algorithmp1 can be viewed as RcM(0), but PCS has
no significance. Algorithms P1 and P2 use the sane criterion

to select tj, the Hamming distance. P2 is a natural exten-_



sion of P1. But for p2, the process of |inking two vectors

I s nore conpl i cat ed.

In P2, LINK generates the vectors needed t o connect
X toy under the constraints of ROM and RANGE(POS). |n LINK
the size of set T, is enlarged. To keep the size of T, as
snmal |l as possible, LINK should add the m ni nal nunber of
vectors needed to connect X toy. This is show to be true
inLemma 3. VW will need the followng in the proof of Lenma

3. -

Let X and y be as defined before. Assune H(x,y) = m
Define ¢ = { e1,¢3,...,cq } Such that ac, # bciinitially.
Ad cj4y IS the next position of difference fromejy ina --
right circular manner froma given POB. Assunme RANGE(cj) =

RANGE (POS = cj) .

Lenma 2:
Let § = the nunber of elenments in { i: cj47 IS not

i N RANGE(cj) for 1 < i < m-1}, thenj < 2

Proof :
Assunme j > 2. This inplies there exists a sequence,

Cj, Cj+1s Ck such that cy47 IS NOt iNn RANGE(cj), and cx i s



not in RANGE(cj43y) for kK > i ¥+ 2 The RANGE(cy) = R; con-
tains 2¥-1 el enents, and the RANGE(cjy + 2¥~1) = R, al so has
2¥-1 el enents. |If the intersection of R; and R, i s nonenpty,
then R, nust contain cj, therefore any possibl e val ue for cy
woul d be in R; or R, which would be a contradiction. |f the
intersection of Ry and Ry is enpty, then the union of these
sets would contain 2r-1 + 2r=1 = ¥ = n el enents and agai n
for any value for cg, cx nust be in R; or Ry which is a con-
tradiction.

QED

Lenma 3
Procedure LINK wil| generate the mni nal nunber of

vectorsto link x toy for a given PG5 and RANGE (POS) . ..

Proof : _
Assunme x and y are as defined previously. Assune
H(x,y) = m.Let C= { e;3,c3,...,cq } Such that ac,# bciini'
tially are ordered in aright circular notion fromthe first
value of PGB, The execution of LINKw Il visit positions {cq,

Cy,nnsCp-1} to link x to y.

In the Wiile loop of LINK either g i s i n RANGE(POS)

or isnot. Each tine qis in RANGE(POS), one vector is added



to To. Wien g is not in the RANGE(POS) then two vectors are
added to T2. For any pair of vectors wth Hdistance m the
mni nmal nunber of |inking vectors required i s m-1 since m-1

of the positions of set C nust be conpl enented, and one vect or

is added to T, for each bit conpl enented.

Wien connecting x toy, let 3 =the nunber of tines g
Is not in the RANGE(POS). The nunber of times q will be in
RANGE (PoS) Wi ll be m-1. Then the nunber of vectors LINK pro-
duces will be (m —1)-+ 2 * 4, Assume anot her al gorithm
exi sts that uses fewer linking vectors than LINK  Applying

Lerma 2, we know j is 0 or 1. Therefore 3 cases exi st

Case(1)

If § is othen LINKadds m= 1 vectors to T, and so
I's mninal. _
CasH 2)

If 3 is 1then LINKw Il produce m= 1+ 2 :_n1+ 1
vectors. A nore efficient |inking procedure woul d have t o
use m= 1 or mvectors. Ccase(2) assumes mvectors are used.
We know m = 1 vectors woul d be used when conpl enenting m= 1
positions where x and y differ. The extra vector woul d force

the final Hdistanceto 2 or ¢o. If the final Hdistance is 2



then the set could not have been produced by a ROM | f the

final Hdistance = o, then only m= 1 vectors were needed.

Casg 3)

Assune j 1 and t he nunber of vectors used by the
new algorithmis m=1. If § =1 theninthe set Cthere exists
two elenent ¢ and cj4+3, such that cj4; iS NOt in RANGE(cy).
The new |i nking al gorithmwoul d have to use m-1 vectors to
change m-1 positions of difference. This would nmean t he new
al gori thmwoul d have to nove fromposition cj to cj4+; W thout
changi ng any positions between c; and cj43. Since cj4y 1S not
I N RANGE (ci), the sequence of vectors could not followthe ROM
constraints inplied by Figure 3

Q.EODI_

Pl and P2 were tested on randomsets of 16 bit vectors,
(n =16). The test set sizes were powers of 2 fromN = 32
up to N = 1024. Tables 1 and 2 |ist the performance of A go-
rithns P1 and P2 respectively in conparison to Prest (_)red-T
with respect to ROMsize. Prograns inplenenting Algo;ithms
P1 and P2 were run with 15 randomtest sets for each N Tabl es
1 and 2 contain the averages of these results. The outputs of
all runs of Algorithns p1 = P7 are listed in Appendix A Al

prograns run are recorded in Appendi x D



Si ze Si ze New Bits

of T of Ty ROM Si ze Saved Savi ngs (%)
| 32 | 140 | 589 | -a7 | -s |
! 64 { 263 } 1053 { -29 { -3 {
: 128 , 470 E 1881 : 167 { 8 =
, 256 { 837 { 3349 = 747 { 18 {
I 512 : 1426 { 5707 i 2485 i 30 :
I 1024 : 2486 { 9944 : 6440 I 40 :

Table 1 Average Results of Algorithmpl Conpared to

- Prestered-T.

Si ze Si ze New Bits

of T of T, ROM Si ze Saved Savi ngs (%)
| 32 | 1e0 | as1 | a1 | & |
{ 64 { 305 : 914 : 110 } 11
{ 128 { 550 } 1649 : 399 I 20
{ 256 { 1012 I 3035 { 1061 I 26
} 512 : 1860 : 5581 ! 2611 } 32
I 1024 }-m3429 : 10287 } 6097 } 38-

Table 22 Average Results of AlgorithmP2 Conpared to

Prestored-T.



The perfornmance of AlgorithmP2 is an inprovenent
over Algorithmpepi for snaller values of N A gorithmP2
is non-optimal in terns of nunber of vectors added during
each | oop of the Wiile block. For exanple, let t; be a vec-
tor in the first vector of T - T, with H distance from x
equal to one, and a position of difference not in RANGE(POS).
ret ty exist inT = Ty, j > i, with Hdistance fromx equal
to one and position of difference in RANGE(POS). A gorithmP2
w Il choose t; over tj even though choosing t4 woul d add no
addi ti onal wvectors—to-T, While choosing t; woul d require at
| east two additional vectors. A gorithmP3, given next, wll

choose tj over tj; under these conditions.

Algorithm P3;
| nput T; Qutput T,;

X = t1:
add x to Ty:
While( T ¢ Ty)do
Begi n;
y .= first vector of T - Ty
For (all €3 inT = T3) do
Begi n;
I'f (H(x,tj) =1 and H(x,y) =1 and the

position of difference of x andy is_



not in RANGE(POS) and position of
difference of x and tj is in
RANGE( POS) ) then
y = ti:
El se
Lf (H(x,tj) < H(x,y)) then
y = tjy:
End ;
Cal | LINK(POS,x,y,T3):

X = y:
End

Example 3:
Let T = (0000, 0010,0100). Al gorithmP2 would choose
0010 as the second vector and produce T, = (0000, 0100, 0000,

*9 =9 bit-

0010,0000,0001,0000,1000,0000,0100} needing a 1
ROM Al gorithm P3 would pick 0100 as the second vector and
out put T, = (0000, 0100, 0000, 0010) requiring a 1 *3 =3 bit

ROM while Prestored-T needs a 3 * 4 =12 bit ROM --

AlgorithmP3 was tested on the same 15 sets for each
size of Nas Algorithms P1 and P2. The averages are presented
in Table 3. Few vectors in randomtest sets are expected to

have H di stance equal to one. Hence results for Al gorithmP3



do not differ appreciably fromthose of Algorithmp2. But

for special test sets, Algorithmp2 woul d out-performA go-

rithmpe3
Size Size New Bits
of T of T ROM Si ze Saved Savi ngs (%)
32 f 160 ’ 481 31 : 6
64 1305 | 914 | 110 | 11
128 | 550 | 1649 I 399 | 20
256 | 1020 { 3060 | 1036 | 25
512‘ | 1877 | 5630 | 2562 | 32 {
: 1024 | 3575 { 10725 : 5659 I 35 {

Table 3. Average results of Algorithm P3 conpared to

Prestored-T.

A conparison of average perfornances of A gorithns _
P1 and P2 is shown in Gaph 1. Sincetherewas little varia-
tion between Al gorithns P2 and P3, Graph 1 al so approxi nat es

t he rel ati onshi p between P3 and P1.
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Gaph 1. comparison of Average performances of Algorithms
P1 and P2
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Al gorithmP3 optimzes the selection of vectors with
Hamming di stance of one. The next algorithmw |l extend this
optimzationto all Hamming di stances. Define f(x,y,p) to be

t he nunber of vectors LINK adds to T, when connecting X to vy
wth PCS = p.

Algorithm P4:

| nput T; Qutput Ty;
Begi n;
X = ty7

add x to Ty:
Wile( Tg Ty ) do
Begi n;



End ;
End.

y i=first elenent of T = T,;
For (all €4 inT = Ty) do
Begi n;
Lf (H(x,y) = H(x,tj)) then
If (£(x,tj,P0s) < f(x,ty,P0S)) then
y = ty:
H se
If(H(x,t;) < H(x,y)) then
y = ti;
Ends
Cal | LINK(POS,x,ti,T3):

X 1= Y3

Exanpl e 4 _

Let T =(0000, 1001, 0110, 0111). Algorithms P2 and P3

applied on T woul d output T = {0000,1000,1100,1000,1010,1000,
1001, 0001, 0101, 0111, 0110) and the new ROMwoul d be 1 * 10 = 10
bits. A gorithmP4 would produce T, = (0000, 0100, 0116, 0111,
1111, 1011, 1001) and a RMof 1 * 6 = 6 hits. Prestored T
would use a 4 * 4 = 16 bit RM



The average results fromA gorithm4 are listed in
Table 4. A gorithmP4 shows a substantial inprovenent over
t he three previous al gorithns. G aph 2 conpares the per-

formance of Al gorithns p1, P2, and P4.

Size Size New Bits

of T of T4 ROM Si ze Saved Savi ngs (%)
sz 1as ass 771 15
I 64 ! 266 : 799 { 225 : 22 :
} 128 } 487 } 1461 } 587 } 29 }
: 256 : 899 : 2696 { 1400 : 34 {
{ 512 : 1644 { 4931 } 3261 { 40 :
} 1024 : 3000 l 9000 ‘ 7384 : 46 ;

m Alycrithm F1L - FHlaaredithem FLE
o Rlacrithea P4

G aph 2. Conparison of Average performances of A gorithns

P1, P2, and P4.




The test sets had n = 16. For any x and t; fromT -
To, 1 < H(x,tj) <16, if Tis alarge set, we can expect
vectors having the sane Hdistance fromx to be a common
occurrence. But the selection process of A gorithmP4 does
not pick the t;j in T - T, that requires the | east nunber of
added vectors. It is possible for tj and tj to exist such
that H(x,tj) < H(x,ty) and yet ty may requi re fewer vectors

than t4 to be linked to x.

Wth a ROM the nunber of vectors needed to link is
dependent on two factors, RANGE(Pos) and initial value of PGS
sent to LINK To find the t; fromthe set T - T, requiring
the fewest additional vectors f nust be used as criteria for

sel ecti on. .

The net hod presented next, Algorithmps, uses only
the f function to select tj. The averages are given in Tabl e
5 AgorithmP5 perforns nore efficiently than Algorithns 21,
P2 and P3. But A gorithmP5 was out perforned by A gorithmP4
for N< 512. The output of Algorithm P4 i s conpar ed_fo t he
output of AlgorithmP5 in G aph 3.



Algorithm P5;
Input PGB, T; output Tp:
Begi n;
X = ty:
add x to Ty
Wile( Tg Ty ) do
Begi n;
y :=first elenent of T = T5;
For (all €4 inT = T;) do
Begin; -
If (£(x,tj,P08) < £(x,ty,P0S)) then
y = ti7
End:
Cal | LINK(POS,x,y,T3):
X = y;
End:
End.

Exanpl e 5
Let T =(0000,0011,0110). Al gorithns P2 to P4 woul d

produce T, = {0000,0100,0000,0010,0011,0010,1010,0010,0110)
requiringa 1 *g8 =28 bit RM A gorithmP5 using the f
val ue as the choosing criteria would produce T, = (0000, 0100,

0110,0111,1111,0111,0011) which would require a 1 * 6 bit ROM



for inplenentation.

bi t

Table 5  Average results of

Prestored-T would result
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AgorithmP5 is optimal in that the fewest additional
vectors are added each tine LINKis called. Wether A gorithm
P5 is absolutely optimal in the sense of producing a T, with
the mnimal nunber of vectors is dealt wth in the next
chapter. A gorithns p2, P3, P4, P5 represent a progression
of GREEDY APPROACH[Z] algorithns. However X and t4 can at
nost differ in n positions. This nmeans t he naxi num nunber of

vectors required to connect x and tj is n - 1.

For -l arge val ues of N, we woul d expect X to find nany
vectors in T = T, requiring the same nunber of |inking vectors.
A gorithmP5 chooses the first vector with mninmal f val ue,
f(x,t4,P0S) < £(x,t;,POS) for all tj,t4 inT =Ty and i > jJ,
Exanpl e 6 denonstrates this sel ection process is not al ways-.

opti nal .

Example 6:

Assurre for all algorithns the non-shift register in
the hardware drawings is initialized to the first vector of
the set T. |

Let T = {00000000,00110000,00001000,00001100)
Prestored-Twould require 8 * 4 =32 bit RM

A gorithmpl woul d produce

Ty = {00000000,00001000,00001100,00000100,00000000,00100000, ~



00110000) requiring 3 * 6 =18 bit ROM

A gorithns P2, P3, and P4 woul d produce
T, = (00000000, 00001000, 00001100, 00001000, 10001000, 00001000,
00101000, 00111000, 00110000) requiring 3 *8 =24 bit RM

A gorithmP5 woul d produce

T, = {00000000,00100000,00110000,00110010,00110000,
01110000, 00110000, 00010000, OO000000, 00001000, 00001100)

requiring 3 * 10 = 30 bit RoMfor | npl enent ati on.

Exanpl e 6 shows AlgorithmP5 will in certain situa-
tions nmake a less than optimal choice. It al so shows mni mz-
ing the Hdistance can still inprove performance. Al gorithm
P6 uses the sanme criteria as Algorithmp4, but reverses their
pr ecedence. That is, it first mnimzes the f value and-

t hen the H di st ance.

Algorithm P6;

I nput Pos,T; Qutput T,;
Begi n;

x = ty3

add X to T,;

While( T ¢ T, ) do
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Begi n;
y = first elenent of T = T,;
For (all t; inT = T;) da
Begi n;
If (£(x,ty,P0S) = £(x,ty,POS))then
Lf (H(x,y) < H(x,tj)) then
y i= ti?
H se
If (£(x,tj,P0os) < £(x,ty,POS))then
- . y = ti;
End;
Link (POS,x,y,T3)
X :=Yy;
End:
End:

Example 7¢

Let T =(0000, 1110, 0010, 0011). A gorithmP4 woul d.
produce T, = {0000,0100,0000,0010,0011,0010,1010,1110} Whi ch
would need a1 * 7 =7 bit ROMfor inpl enentati on. -
Al gorithmP5 woul d produce T, = {0000,1000,1100,1110,1111,
0111,0011,0001,0011,0010) requiring a 1 *9 =9 bit RM
Al gorithmP6 woul d produces the sane T, as A gorithmP4 so

then al so needs a 7 bit ROM



)

ings of POY

Sa

The results of the test runs for Algorithm P6 are con-
tained in Table 6, and conpared with Al gorithms P4 and P5 in
G aph 4.

Si ze Size New Bits

of T of Ty ROM Si ze Saved Savi ngs (%)
Va2 | 1aa | 433 | 79 | 15 |
I 64 } 267 } 800 i 224 } 22 I
: 128 ! 484 { 1451 { 597 : 29 {
: 256 { 890 { 2670 { 1426 ! 35 :
= 512 i 1&15 - I 4844 l 3348 ! 41 ;
: 1024 : 2917 ; 8751 I 7633 : 47 :

Table 6. Average results of AlgorithmP6 conpared to

Prestored-T. )
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Graph 4. Conparison of Average performances of Algorithms

P4, P5 and P6.



A gorithmpe performed better than the previous five
net hods. Algorithms P6 and P4 perfornmed very closely in per-
cent age savings. This seens reasonabl e si nce we woul d expect
a |l arge percentage of the tine the vector with mninmal H dis-
tance woul d need the | east nunber of |inking vectors and the
reverse to be true also. But thisis not true in all cases

as is reflected by Tables 4 and 6.

Al gorithmP4 is chosen for conpari son because it per-
formed nore-efficiently nost of the time. A gorithmpé does
show a slight percentage i nprovenent over P4 for all val ues
of N except 64. However, a single percentage poi nt savi ngs
with N = 1024 saves far nore ROM bits than t he sane i ncrease
when N = 64. Since inefficiencies are nore costly when Ni s.
| arge, AlgorithmP6 is nore attractive than P4.

Let k =\’10g2n - 1l. AROMnethod saves n = k bits for
each t; in T . A ROMsaves ROMspace if the nunber of added

isless than ((n = k)/k) *

N. 1t was observed duri ng t he

val idation of the programrun that all the rRcMs execuE ed wel |
at the beginning of each test set, the average nunber of added
vectors is | owand acceptable. Then the ROM enters a period
of poor results increasing the average nunber of added vectors.

The ROMt hen al ternat es bet ween peri ods of good and poor



results. The next al gorithmfocuses on the periods of poor

execution wth the intent of shortening their duration.

Suppose with respect to X, t4 and tj require the same
nunber of connecting vectors but t; has a one bit in posi-
tion o while t5 has a zero bit in position o. |f over 50% of
the remai ning vectors in T = T, have an one bit in position o,
then choosing t; would nean a majority of the remai ning vec-
tors in T = T, match ty in one position. A gorithmP7 applies
t hi s observati on when-choosi ng t he next vector, hoping to in-
crease the |ikelihood of there being vectors which match tj in

sone positions.

11f over 50%o0of the vectors in .
Let $(a,i) = T - T, have bit a in position i.
0 ot herw se. _

n-y

Let t4 = apay...an-1 then W(tj) = 7 ¢(aj,i) iscalledthe

wei ght of t4.

Algorithm P7;

I nput pos,T; Qutput T,;
Begi n;

X 1= ty7



add x to Ty;
While( T & T, ) do
Begi n:
y = first element of T - T,;
For (all t3 inT = Ty) da
Begi n;
If (£(x,ty,P0OS) = £(x,t4,POS))then
Lf (W(y) < W(tj)) then
- - y = ti;
B se
ILf (£(x,ty,P0S) < £(x,ty,POS))then
y = ti;
End;

End;

Exanpl e 8

Let T =(0000, 1110, 0010, 1111) starting wth would
nean T = T, =(1110, 0010, 1111). Both 1110 and o010 reauire
2 linking vectors. Qurrently inT = T,, there are 2 one
bits in position O, 2 one bits in position 1, 3 one bits in
position 2, and 1 one bit in position 3. The weight of 1110

IS 1+1+1+1 = 4, while the weight of 0010 = 0+0+1+1=2.



So 1110 is chosen as the next vector fromT = T,. The result-
ing T, is equal to (0000, 1000, 1100, 1110, 1111, 0111, 0011, 0001,
0011,0010) and a 1 * 9 bit ROM

Results of AlgorithmP7 are listed in Table 7 and a conpari son
wth AlgorithmP6 is shown in Gaph 5. The rapid i nprovenent
in efficiency of AlgorithmP7 was expected. The weight of a
vector will be nore neaningful in a | arge sanpl e space si nce
the weight is nothing nore than a conparison of t4 to the
'average' vector of T-- T,. Thus with a small N the weight
has little significance. The results of Table 7 show Al go-

rithmP7 shoul d be inplenented when is N | arge.

Onhe fact has been constant for all of the RCOM studi ed,
a test set can be forned for each nethod such that the nethod
being studied may not yield mninmal To. So the nethods of __
A gorithns P2 through P7 do not represent optinal solutions.
Wet her an optinal solution exists nay be easier to answer

than finding it. This aspect is studied in the next chapter.
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Size Size New Bits

of T of Ty ROM Si ze Saved Savi ngs (%)
| a2 | 154 | 463 | 45 | 10 |
{ 64 : 290 = 868 i 156 { 15 i
: 128 : 513 } 1541 : 507 : 25 }
: 256 : 921 : 2764 { 1332 : 33 }
{ 512 I 1628 } 4883 { 3308 i 40 ;
{ 1024 : 2875 : 8625 I 7759 I 48 !

Table 7. Average results of Algorithm P7 conpared to

Prestored-~T.
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Graph 5. Conparison of Average performances of Algorithns
P6 and P7.
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Chapter 3

The Existence of an ptinmal Solution

The General Problem

Let t; = agajag...apn-3, I = {t1,ty,...,ty}, and let r
and f be defined as in Chapter 2. The general problemis the
mnimzationof T4 It can be represented by a wei ghted graph.

Figure 4 represents the general problemwith N= 3, and n = 4.

The obj ective of the algorithns of Chapter 2 is
mni mzation of the size of set T, in accordance with condi-.
tions of RCM I n Figure 4, the nodes are the elenments of T
For each possi bl e value of PGS, there is an edge fromvectar.

ty totj weighted by £(tj,t4,P0s). Formally, edges can be

| abel ed (PEj,F(i,j,p)), wher e PEj = t he endi ng val ue of PCS
after linking-tj to tj with POS = k, and F(i,J,p) = £(ty,%5,
PCS = p), i.e., the nunber of |inking vectors. Theref ore
mnimzation of T, is equivalent to finding a mninal path

for Figure 4.



Fiqure 4. Representation of the Ceneral

RCMwith N= 3, and n = 4

Pr obl em of

37



Applying Lenma 1, irrespective of the starting val ue
of PGS, PCS can be adjusted to o by adding | ess than six
vectors. This allows us to produce fromthe problemof Figure
4 the problemof Figure 5. The problemof Figure 5 wll
always start the linking process with PG5 = 0o and PCS wi | |
still be o when the linking process is conpl eted, (we woul d
have to nodify our |inking schene to nmake the starting and

endi ng val ue of PGB = 0).

The-minimization of T, involves finding a m ninal
pat h passi ng through all nodes of the graph associated wth
T, (as illustrated by Figure 4). Applying Lenma 1 a subgraph,
(as illustrated by Figure 5), is produced. It is believed
that the general problem under the constraints of the rad.

ware design, is a NP conpl ete problem
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0
\ // (P32, F(3,2,0))"
\\_\_//’“ 7‘ \\—/

0
(P23, F(2,3,0))

Fiqure 5 Applying Lenmma 1 to the General Problemwth

N =23, and n = 4. -



We believe if a mninal path can be found for the
original graph, then one can be found for the subgraph. How
ever a solutionto the subgraph is a Hamlton path and is a
NP conpl ete problem Therefore it is strongly believed
t hough not conpl etely proved at this tinme, that the NP
conpl et eness of the subgraph will inply finding a mninal
path for the original graph will also be a NP conpl ete

pr obl em

Even though this problemmay beNP conpl ete it mght
be commercially feasible to investigate. In areal world
situation, N and n are fixed so that an exhaustive search nay
be a feasible option. The algorithns of Chapter 2 are not
opti mal, however they do save significant anount of ROM space
and their executiontine is considerably | ess than exhaustive
searching. So as N becones | arger and exhaustive searching
becones nore expensi ve, al gorithnsfromGChapter 2 becone nore
attractive options.

By Lemmas 2 and 3, the linking and conpari son pr o-

cesses are of order n. Therefore the Order of Al gorithns



P2 through P7 are of Oder N * n. And as N >> n, the O der
of P2 through P7 becones N An exhaustive search procedure

woul d be of order N and extremnely expensive to inplenent for

| arge values of N The run times of Algorithns P2 = P7 were
pol ynom al , so that their execution should be consi derably

| ess t han exhausti ve sear chi ng.

The ROMresults are interesting, but not conpl ete.
Al algorithns presented in chapters 1 and 2 ignore the out-
put set o fromF gure 1. Conpression of the output set is
very inportant. |If for every linking vector added to set T;
or T, an additional output vector is added directly to output

set 07, two problens wll devel op: .

(1) ojy'sincrease in size fromset o wll negate any

ROM savi ngs t he conpressi on net hod produced.

(2) Howw Il the testing circuit be able to differ-
entiate valid test and output vectors fromthe
don't care vectors produced fromthe conpressi on

net hod i npl enent ed?



These probl ems nust be answered if the algorithms presented

inthis thesis are to have any practical val ue.



Chapter 4

hod 1 : lid and Lid |

A sinple way to sinmultaneously conpact Prestored-T
and Prestored-0Ois to conbine the two RoMs into a single ROM

V, as shown in Figure 6.

Fiqure 6: Conbi ned Prestored-T and Prestored-0

ROM V woul d have N vectors, the sanme as T and O.
A vector vy fromV would be vi = tjo; where tj is the ith
vector fromset T and oy i s the correspondi ng valid out put
vector fromo. Any conpaction nethod we have studi ed coul d
be used on set Vas we did on set T. Let vectors frem T be
k bits, and vectors fromo be s bits. Then vectors fromV

would be n =k + s bhits.



Suppose a ROMwas applied to set Vv producing set vi,
The har dware needed to i npl ement this schene i s al nost

identical to Figure 3 with a fewadditions as illustrated in

Figure 7.
ROM
"""" ol |-=———>| Decoder |---->| Shift Reg |
I
tmm e ————— +
e e e +
* |
+-==>| XORl|<==m==== | Register | <==+
T —
S
P o
| T > X
I O r—-->
pom=>] CUT_-=mmmmmmmes >I R
|_2_l

Figqure 7. The hardware needed to inpl enent RCM conpression
of Prestored-T and Prest ored-0. )
The hardware still does not have a way to distinguish
val i d out put from-the invalid output produced by the-RCMem
pl oyed. A straight forward approach woul d be to pl ace an
extra bit on the end of each vector in vl Let xj be a vector
of vl If x{ = vy for sone vy in set Vthen the extra bit
woul d be o, otherwise the bit would be 1. This extra bit

woul d be placed into an CR gate with the output fromthe gae



of XOR2 in Figure 7.

This nethod performed poorly. The RCM savi ng was not
enough to offset the additional flag bit cost on each vector
invl Aflag bit will be used to identify valid fromin-
valid results. However, instead of adding an extra bit onto
each vector of Vll the flag bit wll be incorporated i nto one

of the bit positions.

For- simplicity, assune the flag bit is placed into
position O, the first position of the vectors. First divide
Vinto two disjoint sets v; and va. V; contains all vectors
of V having a one bit in position o, while vy contains al
vectors of V having a zero bit in position o. The union of_ .
sets vy and vg is V.

Assurme we start with vy and apply a RCM wi th a speci al
condition, the first position, position o, is ignored from
the linking process. Thus the right circular notion wll be

1, t02,3,4,...,n-1, 0 1,2,.00 o
Assune the RCM on vy forns set w;. The conpl ementi ng proce-
dure does not use position o thus allows the flag to be pl aced
into position o. For vy, during the RCM procedure, a one bit

Is placed inthe first position if the vector was an el enent



of vq, and a zero bit is placed in position o if the vector

Is alinking vector.

In set wy, for wi inwy, if wi has a one in position
0, thenit is an elenent of vy and will generate valid output.
If wy has a zeroin the first position, it is a |inking vector
and will produce output to be ignored. This allows the cir-

cuit to distinguish valid frominvalid vectors in wj.

The-process is then duplicated with set vy but wth
reverse logic for the flags. Assune Wy i s produced when the
ROM uses Vg as input. The ROM nust place a zero bit in posi-
tion o if the vector was an el enent of vy, and pl aces an one
bit if the vector was created to link. So for a wy in W,
if position ois othenthis vector will produce a valid out-
put in the QJI, otherw se the vector's output should be-

I gnor ed.

The hardware necessary for this approach is_presented
in Figure 8 Al t he additional hardware not found fh Fi gure
7 is used to distinguish valid and invalid results. Regi st er
lisinitializedto the first vector of wy. Register 2 is
initialized to the last vector of wy. The JKflip-flopis

set at start up of test node.
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Example 9. Assune we use the RCM of Al gorithm 2

Let V = (00000000, 10000001, 00001110, 11001001, 01000100)

then vq{ = {10000001,11001001},

Vo = {00000000,00001110,01000100}

For vy, the linking would invol ve vect ors 0000001, 1001001.

Li nki ng woul d yi el d 0000001, 1000001, 1001001.

Ther ef ore W3 =(210000001, 01000001, 11001001)

For Vg, the linking woul d use 0000000, 0001110, 1000100.

The first vector chosen woul d be 0000000, since it has the

snmal | est H distance fromthe | ast vector of Vvj.

Li nki ng produces 1000001, 1000000, 0000000, 1000000, 1001000,
1000000,1000100,0000100,0001100,0001110.

and W, =(11000001, 11000000, 00000000, 11000000, 11001000,

11000000,01000100,10000100,10001100,00001110}.

The criteria for vector selection was H di stance as in A go-

rithmP2. Assuming the main register is initialized to the-

first vector of Wy, the ROM produced for this schene is

00 W,
11

O

00 Wy  --
10
01
00
11
11
01
01
11
11
10

3 * 13 = 39 bits ROM

OFRHHOKKHHOKH



Prestored-Twould require a s * 8 = 40.

FromFigure 7 and Exanple 9 the | ogic of this nethod
can be seen. Wileregister 1 is producing vectors fromuy,
the signal fromthe JKff wll be 1. If the first bit of
register 1 is one, the X(R gate receiving the JK signal wl|
produce a o signal to the final (R gate which neans the QUJT
XORed W th the expected output will determne the output of
the (Rgate. If the first bit of the register is o then the
output of the QR gate will be 1 in effect ignoring the QUT

conpar i son.

The contents of register 2 are constantly conpared to
the contents of register 1. Wen a match is found, i.e.,
register 1 contains the | ast el enent of w;, a conpl enent
signal changes the output of the JKflip-flopto o for the
rest of the testing period. This forces a reverse | ogi c with
respect tothe first bit of register 1. Hence, a 0 bit nowin
register 1's first bit wll mean the QUI conparison wll det-
ermine the final output, and a one bit will nean the- final

output wll always be 1



AlgorithmP8 presents the steps to this nethod.

Al sorithmP8;
| nput v,Pos; Qutput vs,;
Begin;

Dvide Vinto disjoint sets vy and Vvgq;
Let X := the first element of vy;
Place X in vy
Wile (Vy £ V3 )do

Begin; =

Let y be chosen the next vector by some RCMcriteria
fromvy = vy;

Link Xx toy ignoring the first bit of both vectors
and place a o bit inthe first position of the.
| i nki ng vectors and place themin vy;

placey in Vy;

X :=Y;

End;
Wile (vg g Vy) do
Bedgin;

Let y be chosen the next vector by some RCMcriteria

fromvy = Vo,

Link X toy ignoring the first bit of both vectors

and place a 1 bit inthe first position of the
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| i nki ng vectors and place themin Vj3;

add y to Vy;

]
o]
Q,

Al gorithmP8 was tested on the randomsets the
seven previous algorithns were tested on. The averages of

the runs are in Table 8, ROMof A gorithmP7 was enpl oyed.

-

Size Size New Bits

of T of Ty ROM Si ze Saved Savi ngs (%)
32 | 1s7 | e2s | -116 | -2z |
I 64 I 298 { 1092 I -68 } -6 =
: 128 I 493 ‘ 1972 { 76 = 4 } i
I 256 { 960 { 3840 : 256 I 7 {
{ 512 } 1688 I 6752 { 1440 : 18 E“
} 1024 ! 3001 I 12004 { 4380 { 27 I

Table 8 Average Results of AlgorithmP8, using position

o for flag bit, conpared to Prestored-T.

It was hoped t he exclusion of the first bit woul d
decrease t he nunber of vectors produced by a ROMnethod. n

average, this goal was achieved. However the decrease was not



enough to conpl etely make up for the additional space of the

flag bits.

It may be possible to decrease the size of v, by choos-

ing a position other than the first to inbed the flag bit.

Wien Vis divided into vy and vg, the choices the ROM has for

t he next vector are reduced. The best case would be if al
vectors of V had zeros, or if all had ones. Therefore the

| ast series of experinmental runs consisted of applying the

i dea of Algorithm®3s on the position containing the nost 1
bits. The results of Table 9 were run using AlgorithmP7 as

t he chosen RCM

Size Size New Bits

of T of T, ROM Si ze Saved Savi ngs (%)
| 32 | 145 |  ss0 | -es | -13 |
i 64 : 273 { 1092 : -68 } -6 }'
} 128 i 493 : 1972 : 76 : 4 }
} 256 I 870 : 3480 i 616 I 18 }
} 512 I~a1553 } 6212 I 1980 : 25-- },
{ 1024 : 2743 } 10972 : 6097 i 37 }

Table 9. Average Results of Al gorithmes, using the posi-
tion with the greatest nunber of one bits, conpared

to Prestored-T.



Chapter 5

Qoncl usi ons

Prestored-T and Prestored-0 are nmajor costs of Bl ST.
VW want ed et hods reduci ng the ROM space of Prestored-T. The
results of the algorithns presented in chapter 2 are encour -
aging. They showed cognitive approaches to conpaction of
Prestored-T-can i nprove the efficiency of RCMstorage wth
very little extra cost. None of the algorithns presented are
mninal as there are sets for which they will produce a | ess
than optimal solution. The problemof finding a mninal sol u-
tion for Prestored-T through ROMon T nmaybe a NP conpl et e prob-
lem Thus a mninal solution may not be obtai nabl e except
t hrough exhaustive searching. But RcMs offer a substantial__

ROMsavings and require very little extra hardware.

I n order to include output and a nethod of out put
validity distinctibn, sone efficiency is sacrificed?> How
ever the results of Tables 8 and 9 show savings are still pos-
sible. Aflag bit used to distingui sh valid/invalid out put

requi res consi derabl e ROM space t hus hurti ng savi ngs.



Al gorithmP8 reduced the nunber of vectors in T, by
reduci ng the nunber of bits involved in |inking. There are
several possible ways of inproving P8. Careful selection of
where to place the flag bit and enploying a different ROM are

two possibilities. The first alternative was tested, and

Tabl e 9 shows a definite inprovenent.

The second option would be an easy inexpensive
possibility. Sone other possible TPGworth investigating are
RCM(z), z > 1 The graph representation of the General probl em
offers an interesting possibility of approaching this probl em
with a mnimal spanning tree as a solution. There woul d have
to be changes in the hardware, but a solution of order n al -
ready exists for this approach. This thesis has | ooked at a
nunber of possibl e solutions, but nany nore possibilities

exi st.



APPENDI X A

Compl ete Listing of Results of Algorithns P1-P7

Si ze New Bits
Tri al of T, ROM Size Saved Savi ngs( %
1 134 536 -24 -5
2 141 564 -52 -10
3 140 560 -48 -9
4 135 540 - 28 -5
5 140 560 -48 -9
6 135 540 -28 -5
7 143 572 - 60 -12
8 140 560 -48 -9
9 146 584 -72 -14
10 142 568 - 56 -11
11 - 142 568 - 56 -11
12 139 556 -44 -9
13 140 560 -48 -9
14 136 544 -32 - 6
15 142 568 - 56 -11
Aver age 140 589 -47 -9
Table A . Algorithm P1i Size of T = 32. ..
Si ze New Bits
Trial of T, ROM Si ze  Saved Savings(%
1 154 462 50 10
2 163 489 23 5
3 158 474 38 7
4 163 489 23 4
5 160 480 32 6
6 . 155 465 47 10 _
7 169 507 5 1
8 158 474 38 7
9 164 492 20 4
10 164 492 20 4
11 162 486 26 5
12 157 471 41 8
13 162 486 26 5
14 154 462 50 10
15 164 492 20 4
Aver age 160 481 31 6

Tabl e A2. Algorithm P1 Size of T = 32.



Si ze New Bits

Tri al of T, ROM Size  Saved Savi ngs(%
1 154 462 50 10
2 163 489 23 5
3 158 474 38 7
4 163 489 23 4
5 160 480 32 6
6 155 465 47 9
7 169 507 5 1
8 158 474 38 7
9 164 492 20 4
10 164 492 20 4
11 162 486 26 5
12 157 471 41 8
13 162 486 26 5
14 154 462 50 10
15 -~ 164 492 20 4
Aver age 161 481 31 6

Tabl e A3. Al gorithm P3 Size of T = 32.

Si ze New Bits

Tri al of T, ROM Si ze Saved Savi ngs( % o
1 141 423 89 17
2 147 441 71 14

3 143 429 83 16 -
4 151 453 59 12
5 142 426 86 17
6 140 420 92 18
7 150 450 62 12
8 148 444 68 13

9 . 145 435 77 15 __

10 146 438 74 14
11 143 429 83 16
12 144 432 80 16
13 142 426 86 17
14 148 444 68 13
15 145 435 77 15
Aver age 145 435 77 15

Table A4. Al gorithm P4 Size of T = 32.



Si ze New Bits

Trial of T, ROM Si ze Saved Savi ngs( %

1 156 468 44 8

2 153 459 53 10

3 156 468 44 8

4 153 459 53 10

5 150 450 62 12

6 150 450 62 12

7 156 468 44 10

8 150 450 62 12

9 152 456 56 11
10 151 453 59 12
11 156 468 44 8
12 153 459 53 10
13 147 441 71 14
14 161 483 29 6
15 - 158 474 38 7
Aver age 153 460 52 10

Tabl e A5. Al gorithm P5 Size of T = 32.

Si ze New Bits

Tri al of T, ROM Si ze Saved Savi ngs( % o
1 141 423 89 17
2 145 435 77 15

3 143 429 83 16 -
4 150 450 62 12
5 142 426 86 17
6 140 420 92 18
7 151 453 59 12
8 145 435 77 15
9 145 435 77 15 ..

10 143 429 83 16
11 143 429 83 16
12 144 432 80 16
13 142 426 86 17
14 145 435 77 15
15 145 435 77 15
Aver ages 144 433 79 15

Tabl e A6. Al gorithm P6 Size of T = 32



Si ze New Bits

Tri al of T, ROM Si ze Saved Saangig%q‘
1 152 456 56 11
2 156 468 44 9
3 156 468 44 9
4 155 465 57 9
5 153 459 53 10
6 154 462 50 10
7 157 471 41 8
8 150 450 62 12
9 149 447 65 13
10 152 456 56 11
11 152 456 56 11
12 164 492 20 4
13 154 462 50 10
14 = 153 459 53 10
15 156 468 44 9
Averages 154 463 49 10

Tabl e A7. Al gorithm P7 Size of T = 32



Si ze New Bits

Tri al of T, ROM Si ze Saved Savi ngs( %
1 264 1056 -32 -3
2 263 1052 - 28 -3
3 265 1060 - 36 -4
4 267 1068 -44 -4
5 258 1032 - 8 -1
6 260 1040 -16 -2
7 264 1056 - 32 -3
8 264 1056 - 32 -3
9 264 1056 - 32 -3
10 264 1056 - 32 -3
11 262 1048 - 24 -2
12 262 1048 -24 -2
13 262 1048 -24 -2
14 266 1064 -40 -3
15 262 1048 -24 -2

Average 263 1053 - 29 -3

Table A7. AlgorithmP1 , Size of T = 64.

Si ze New Bits

Tri al of T, ROM Si ze Saved Savi ngs( %
1 308 924 100 10
2 315 945 79 8
3 305 915 109 11

4 307 921 103 10 —

5 298 894 130 13
6 300 900 124 12
7 308 924 100 10
8 306 918 106 10
9 302 906 118 12
10 302 906 118 12
11 298 894 130 13
12 304 912 112 11
13 306 918 106 10
14 304 912 112 11
15 306 918 106 10
Aver age 305 914 110 11

Table A8. AlgorithmP2 , Size of T = 64.



Si ze New Bits

Tri al of T, ROM Si ze Saved Savi ngs( %
1 308 924 100 10
2 315 945 79 8
3 305 915 109 11
4 307 921 103 10
5 298 894 130 13
6 300 900 124 12
7 308 924 100 10
8 306 918 106 10
9 302 906 118 12
10 302 906 118 12
11 298 894 130 13
12 304 912 112 11
13 306 918 106 10
14 304 912 112 11
15 306 918 106 10
Aver age 305 914 110 11

Table A9. AlgorithmP3 , Size of T = 64.

Si ze New Bits
Tri al of T, ROMSize Saved Savi ngs(%
1 271 813 211 21
2 267 801 223 22
3 265 795 229 22
4 271 813 211 21 -
5 265 795 229 22
6 265 795 229 22
7 267 801 223 22
8 264 792 232 23
9 268 804 220 21
10 . 266 798 226 22_
11 260 780 244 24
12 268 804 220 21
13 266 798 226 22
14 269 807 217 21
15 261 783 241 24
Aver age 266 799 225 22

Tabl e A10. AlgorithmP4 , Size of T = 64.



Si ze New Bits

Trial of T, ROM Si ze Saved Savi ngs( %
1 285 855 169 17
2 295 885 139 14
3 293 879 145 14
4 291 873 151 15
5 299 897 127 12
6 286 858 166 16
7 284 852 172 17
8 292 876 148 14
9 285 855 169 17
10 287 861 163 16
11 281 843 181 18
12 298 894 130 13
13 296 888 136 13
14 295 885 139 14
15 290 870 154 15
Aver age 290 871 153 15

Tabl e A12. AlgorithmP5, Size of T = 64.

Si ze New Bits
Trial of T, ROM Si ze Saved Savi ngs( %
1 269 807 217 21 -
2 267 801 223 22
3 265 795 229 22
4 269 807 217 21
5 265 795 229 22 —
6 266 798 226 22
7 269 807 217 21
8 264 792 232 23
9 270 810 214 21
10 266 798 226 22
11 260 780 244 24
12 268 804 220 21
13 270 810 214 21
14 269 807 217 21
15 261 783 241 24
Aver age 267 800 224 22

Tabl e A13. AlgorithmP6, Size of T = 64.



Si ze New Bits

Tri al of T, ROM Si ze Saved Savi ngs( %
1 282 846 178 17
2 291 873 151 15
3 280 840 184 18
4 291 873 151 15
5 299 897 127 12
6 285 855 169 17
7 276 828 196 19
8 286 858 166 16
9 291 873 151 15
10 299 897 127 12
11 288 864 160 16
12 298 894 130 13
13 291 873 151 15
14 290 870 154 15
15 295 885 139 14
Aver age 289 868 156 15

Tabl e A14. Algorithmpz, Size of T = 64.



Si ze New Bits

Tri al of T, ROM Si ze Saved Savi ngs( %
1 471 1884 164 8
2 472 1888 160 8
3 472 1888 160 8
4 465 1860 188 9
5 470 1880 168 8
6 465 1860 188 9
7 472 1888 160 8
8 482 1928 120 6
9 468 1872 176 9
10 466 1864 184 9
11 474 1896 152 7
12 470 1880 168 8
13 461 1844 204 10
14 474 1896 152 7
15 473 1892 156 8

Aver age 470 1881 167 8

Table A15. AlgorithmpPi, Size of T = 128.

Si ze New Bits

Tri al of Ty, ROM Size Saved Savi ngs( %
1 549 1647 401 20
2 558 1674 374 18
3 562 1686 362 18

4 541 1623 425 21 -

5 550 1650 398 19
6 547 1641 407 20
7 546 1638 410 20
8 566 1698 350 17
9 544 1632 416 20
10 540 1620 428 21
11 560 1680 368 18
12 540 1620 428 21
13 539 1617 431 21
14 552 1656 392 19
15 549 1647 401 20
Aver age 550 1649 399 20

Table A16. Algorithm P2, Size of T = 128.



Si ze New Bits

Tri al of T, ROM Si ze Saved Savi ngs( %

1 549 1647 401 20

2 558 1674 374 18

3 562 1686 362 18

4 541 1623 425 21

5 550 1650 398 19

6 547 1641 407 20

7 550 1650 398 19

8 566 1698 350 17

9 544 1632 416 20
10 540 1620 428 21
11 560 1680 368 18
12 540 1620 428 21
13 539 1617 431 21
14 552 1656 392 19
15 549 1647 401 20
Aver age 550 1649 399 19

Table A17. AlgorithmP3, Size of T = 128.

Si ze New Bits
Tri al of T, ROM Si ze Saved Savi ngs( %
1 490 1470 578 28 -
2 479 1437 611 30
3 479 1437 611 30
4 498 1494 554 27
5 490 1470 578 28 -
6 482 1446 602 29
7 479 1437 611 30
8 479 1437 611 30
9 490 1470 578 28
10 486 1458 590 29
11 495 1485 563 27_
12 487 1461 587 29
13 495 1485 563 27
14 487 1461 587 29
15 491 1473 575 28
Aver age 487 1461 587 29

Table A18. Algorithm P4, Size of T = 128.



Si ze New Bits

Tri al of T, ROM Si ze Saved Savi ngs( %
1 504 1512 536 26
2 506 1518 530 26
3 511 1533 515 25
4 491 1473 575 28
5 515 1545 503 25
6 524 1572 476 23
7 522 1566 482 24
8 516 1548 500 24
9 513 1539 509 25
10 513 1539 509 25
11 530 1590 458 22
12 516 1548 500 24
13 499 1497 551 27
14 523 1569 479 23
15 515 1545 503 25
Aver age 513 1540 508 25

Tabl e A19. AlgorithmP5, Size of T = 128.

Si ze New Bits
Tri al of T, ROM Si ze Saved Savi ngs( %
1 482 1446 602 29 i
2 484 1452 596 29
3 482 1446 602 29
4 486 1458 590 29
5 481 1443 605 30 -
6 484 1452 596 29
7 479 1437 611 30
8 479 1437 611 30
9 487 1461 587 29
10 480 1440 608 30
11 482 1446 602 29
12 486 1458 590 29
13 487 1461 587 29
14 487 1461 587 29
15 488 1464 584 29
Aver age 483 1451 597 26

Tabl e A20. AlgorithmP6, Size of T = 128.



Si ze New Bits

Trial of T, ROM Si ze Saved Savi ngs( %
1 505 1515 533 26
2 511 1533 515 25
3 508 1524 524 26
4 510 1530 518 25
5 523 1569 479 23
6 519 1557 491 24
7 506 1518 530 26
8 517 1551 497 24
9 508 1524 524 26
10 509 1527 521 25
11 529 1587 461 23
12 523 1569 479 23
13 512 1536 512 25
14 507 1521 527 26
15 519 1557 491 24

Aver age 514 1541 507 26

Table A21. Algorithmpz, Size of T = 128.



Si ze New Bits

Tri al of T, ROM size Saved Savings(%)
1 833 3332 764 19
2 839 3356 740 18
3 837 3348 748 18
4 839 3356 740 18
5 829 3316 780 19
6 827 3308 788 19
7 828 3312 784 19
8 841 3364 732 18
9 832 3328 768 19
10 846 3384 712 17
11 842 3368 728 18
12 841 3364 732 18
13 840 3360 736 18
14 844 3376 720 18
15 841 3364 732 18
Aver ages 837 3349 747 18

Table A22. AlgorithmPpi, Size of T = 256

Si ze New Bits
Trial of T, ROM size Saved Savings(% -.
1 1017 3051 1045 26
2 1011 3033 1063 26
3 1011 3033 1063 26
4 1013 3039 1057 26 o
5 997 2991 1105 27
6 1019 3057 1039 25
7 998 2994 1102 27
8 1031 3093 1003 24
9 1002 3006 1090 27
10 - . 1018 3054 1042 25__
11 1014 3042 1054 26
12 1017 3051 1045 26
13 1010 3030 1066 26
14 1002 3006 1090 27
15 1017 3051 1045 26
Aver ages 1012 3035 1061 26

Tabl e A23. Algorithm P2, Size of T = 256



Si ze New Bits

Tri al of T, ROM si ze Saved Savi ngs( %
1 1024 3072 1024 25
2 1019 3057 1039 25
3 1018 3054 1042 25
4 1025 3075 1021 25
5 1012 3036 1060 26
6 1026 3078 1018 25
7 1016 3048 1048 26
8 1025 3075 1021 25
9 1016 3048 1048 26
10 1016 3048 1048 26
11 1028 3084 1012 25
12 1027 3081 1015 25
13 1010 3030 1066 26
14 1014 3042 1054 26
15 1024 3072 1024 25
Aver ages 1020 3060 1036 26

Tabl e A24. Al gorithmP3, Size of T = 256.

Si ze New Bits
Trial of T, ROM size Saved Savings(% ..
1 881 2643 1453 36
2 900 2700 1396 34
3 909 2727 1369 33
4 890 2670 1426 35 -
5 888 2664 1432 35
6 882 2646 1450 36
7 900 2700 1396 34
8 906 2718 1378 34
9 903 2709 1387 34
10. 902 2706 1390 34__
11 902 2706 1390 34
12 910 2730 1366 33
13 905 2715 1381 34
14 902 2706 1390 34
15 899 2697 1399 34
Aver ages 899 2696 1400 34

Tabl e A25. Algorithm P4, Size of T = 256.



Si ze New Bits

Tri al of T, ROM si ze Saved Savi ngs( %
1 914 2742 1354 33
2 930 2790 1306 32
3 932 2796 1300 32
4 914 2742 1354 33
5 939 2817 1279 31
6 926 2778 1318 32
7 937 2811 1285 31
8 926 2778 1318 32
9 934 2802 1294 32
10 945 2835 1261 30
11 930 2790 1306 32
12 948 2844 1252 31
13 931 2793 1303 32
14 915 2745 1351 33
15 930 2790 1306 32
Aver ages 930 2790 1306 32

Tabl e A26. Algorithm P5, Size of T = 256.

Si ze New Bits
Tri al of T, ROM si ze Saved Savi ngs( %
1 908 2724 1372 34
2 868 2604 1492 36
3 894 2682 1414 35
4 896 2688 1408 34
5 882 2646 1450 35
6 883 2649 1447 35
7 896 2688 1408 34
8 898 2694 1402 34
9 886 2658 1438 35
i0. 905 2715 1381 34__
11 887 2661 1435 35
12 884 2652 1444 35
13 890 2670 1426 35
14 887 2661 1435 35
15 887 2661 1435 35
Aver ages 890 2670 1426 35

Table A27. Algorithm Pz, Size of T = 256



Si ze New Bits

Tri al of T, ROM si ze Saved Savi ngs( %
1 914 2742 1354 33
2 928 2784 1312 32
3 919 2757 1339 33
4 924 2772 1324 32
5 929 2787 1309 32
6 927 2781 1315 32
7 927 2781 1315 32
8 900 2700 1396 34
9 923 2769 1327 32
10 925 2775 1321 32
11 917 2751 1345 33
12 919 2757 1339 33
13 922 2766 1330 32
14 917 2751 1345 33
15 931 2793 1303 32

Aver ages 921 2764 1332 33

Tabl e A28. Algorithm P77, Size of T = 256.



Si ze New Bits

Tri al of T ROM si ze Saved Savi ngs( %
1 1425 5700 2492 30
2 1430 5720 2472 30
3 1437 5748 2444 30
4 1426 5704 2488 30
5 1434 5736 2456 30
6 1416 5664 2528 31
7 1428 5712 2480 30
8 1427 5708 2484 30
9 1427 5708 2484 30
10 1431 5724 2468 30
11 1429 5716 2476 30
12 1431 5724 2468 30
13 1419 5676 2516 31
14 1416 5664 2528 31
15 1424 5696 2496 30

Aver ages 1427 5707 2485 30

Tabl e A29. AlgorithmP1, Size of T = 512.

Si ze New Bits

Tri al of T, ROM si ze Saved Savi ngs( %
1 1843 5529 2663 33
2 1886 5658 2534 31
3 1856 5568 2624 32
4 1868 5604 2588 32
5 1870 5610 2582 32
6 1828 5484 2708 33
7 1854 5562 2630 32
8 1869 5607 2585 32
9. . 1871 5613 2579 31_
10 1885 5655 2537 31
11 1863 5589 2603 32
12 1861 5583 2609 32
13 1863 5589 2603 32
14 1848 5544 2648 32
15 1838 5514 2678 33
Aver ages 1860 5581 2611 32

Table A30. Algorithm P2, Size of T = 512.



Si ze New Bits

Tri al of T, ROM si ze Saved Savi ngs( %
1 1878 5634 2558 31
2 1869 5607 2585 32
3 1890 5670 2522 31
4 1900 5700 2492 30
5 1871 5613 2579 31
6 1846 5538 2654 32
7 1899 5697 2495 30
8 1863 5589 2603 32
9 1879 5637 2555 31
10 1872 5616 2576 31
11 1879 5637 2555 31
12 1876 5628 2564 31
13 1878 5634 2558 31
14 1856 5568 2624 32
15 1892 5676 2516 31

Aver ages 1877 5630 2562 31

Table A31. AlgorithmP3, Size of T = 512.

Si ze New Bits
Tri al of T, ROM si ze Saved Savi ngs( %
1 1633 4899 3293 40
2 1638 4914 3278 40
3 1649 4947 3245 40
4 1675 5025 3167 39
5 1645 4935 3257 40
6 1648 4944 3248 40
7 1640 4920 3272 40
8 1658 4974 3218 39
9 1640 4920 3272 40
10. 1635 4905 3287 40__
11 1638 4914 3278 40
12 1647 4941 3251 40
13 1616 4848 3344 41
14 1653 4959 3233 39
15 1639 4917 3275 40
Aver ages 1644 4931 3261 40

Table A32. Algorithm P4, Size of T = 512.



Si ze New Bits

Tri al of T, ROM si ze Saved Savi ngs( %
1 1631 4893 3299 40
2 1654 4962 3230 39
3 1687 5061 3131 38
4 1640 4920 3272 40
5 1659 4977 3215 39
6 1644 4932 3260 40
7 1648 4944 3248 40
8 1660 4980 3212 39
9 1654 4962 3230 39
10 1650 4950 3242 40
11 1630 4890 3302 40
12 1613 4839 3353 41
13 1636 4908 3284 40
14 1671 5013 3179 39
15 1661 4983 3209 39
Aver ages 1649 4948 3244 40

Tabl e A33. AlgorithmP5, Size of T = 512.

Si ze New Bits

Tri al of T, ROM si ze Saved Savings(% -
1 1593 4779 3413 42
2 1626 4878 3314 40

3 1633 4899 3293 40 -
4 1599 4797 3395 41
5 1610 4830 3362 41
6 1617 4851 3341 41
7 1632 4896 3296 40
8 1625 4875 3317 40

9. 1618 4854 3338 41

10 1621 4863 3329 41
11 1608 4824 3368 41
12 1583 4749 3443 42
13 1614 4842 3350 41
14 1614 4842 3350 41
15 1629 4887 3305 40
Aver ages 1615 4844 3347 41

Table A34. AlgorithmP6, Size of T = 512.



Si ze New Bits

Trial of T, ROM si ze Saved Savi ngs( %9
1 1632 4896 3296 40
2 1627 4881 3311 40
3 1615 4845 3347 41
4 1626 4878 3314 40
5 1626 4878 3314 40
6 1647 4941 3251 40
7 1621 4863 3329 41
8 1634 4902 3290 40
9 1648 4944 3248 40
10 1612 4836 3356 41
11 1639 4917 3275 40
12 1615 4845 3347 41
13 1616 4848 3344 41
14 1637 4911 3281 40
15 1623 4869 3323 41

Aver ages 1628 4884 3308 40

Table A35. Algorithm P7, Size of T = 512.



Si ze New Bits

Trial of T, ROM Size Saved Savi ngs( %
1 2496 0984 6400 40
2 2506 10024 6360 39
3 2486 9944 6440 40
4 2484 9936 6448 40
5 2479 9916 6404 40
6 2495 9980 6512 40
7 2468 9872 6448 40
8 2473 9936 6448 40
9 2473 9892 6492 40
10 2487 9948 6436 40
11 2494 9976 6408 40
12 2482 9928 6456 40
13 2470 9880 6504 40
14 2494 9976 6408 40
15 = 2487 9948 6436 40
Aver age 2486 9944 6440 40

Table A36. Algorithm P1 Size of T = 1024.

Si ze New Bits

Tri al of T, ROM Si ze Saved Savi ngs( %

1 3440 10320 6064 38
2 3450 10350 6034 37 -

3 3420 10260 6124 38
4 3430 10290 6094 38
5 3417 10251 6133 38
6 3427 10281 6103 38
7 3400 10200 6184 38
8. 3456 10368 6016 37,
9 3443 10329 6055 37
10 3429 10287 6097 38
11 3428 10284 6100 38
12 3418 10254 6130 38
13 3406 10218 6166 38
14 3428 10284 6100 38
15 3447 10341 6043 37
Aver age 3429 10287 6097 38

Table A37. Algorithm P2 Size of T = 1024.



Si ze New Bits

Tri al of T, ROM Si ze Saved Savi ngs( %
1 3573 10719 5665 35
2 3555 10665 5719 35
3 3589 10767 5617 35
4 3552 10656 5728 35
5 3547 10641 5743 36
6 3511 10533 5851 36
7 3600 10800 5584 35
8 3572 10716 5668 35
9 3574 10722 5662 35
10 3543 10629 5755 36
11 3614 10842 5542 34
12 3543 10629 5755 36
13 3690 11070 5314 33
14 3575 10725 5659 35
15 3580 10740 5644 35

Aver age 3575 10725 5659 35

Tabl e A38 Al gorithm P3 Size of T = 1024.

Si ze New Bits )

Tri al of T, ROM Si ze Saved  Savings(% ~
1 3024 9072 7312 45
2 2982 8946 7438 46

3 2986 8958 7426 46 -
4 3031 9093 7291 45
5 3044 9132 7252 45
6 3021 9063 7321 45
7 2973 8919 7465 46
8 2987 8961 7423 46
9. 2976 8928 7456 46_
10 3009 9027 7357 45
11 3016 9048 7336 45
12 2990 8970 7414 46
13 2954 8862 7522 46
14 3003 9009 7375 46
15 2997 8991 7393 46
Aver age 3000 9000 7384 46

Tabl e A39 Algorithm P4 Size of T = 1024. -



Si ze New Bits

Tri al of T, ROM Size Saved Savi ngs( %
1 2880 8640 7744 48
2 2873 8619 7765 48
3 2900 8700 7684 47
4 2865 8595 7789 48
5 2872 8616 7768 48
6 2900 8700 7684 47
7 2866 8598 71786 48
8 2879 8637 71747 48
9 2863 8589 7795 48
10 2848 8544 7840 48
11 2893 8679 7705 48
12 2869 8607 77177 48
13 2871 8613 7771 48
14 2877 8631 7753 48
15 - 2871 8613 7771 48

Aver age 2875 8625 7759 48

Table A42. Algorithm P7 Size of T = 1024.



APPEND X B

Gonplete Results of Algorithm P8, Both Versions.
S ze New Bits
Tri al of T, ROM Sl ZE Saved Savi nNgs (%)

1 155 620 - 108 -21
2 164 656 - 144 - 28
3 159 636 -124 -24
4 I62 - 648 -136 -26
5 151 604 -92 -17
6 149 596 - 84 -16
7 161 644 -132 -25
8 151 604 -92 -17
9 154 616 -104 - 20
10 156 624 -112 -21
11 159 636 -124 -24

12 163 652 - 140 -27 ..
13 160 640 -128 -25
14 163 652 - 140 - 27
15 155 620 - 108 -21
Aver age 157 628 - 116 -22

Table B1: Results for AlgorithmP8, first version,
Size of T = 32



Si ze New Bits

Tri al of Ty ROM SI ZE Saved Savi ngs (%)
1 143 572 - 60 -11
2 148 592 - 80 -15
3 161 644 -132 -25
4 139 556 -44 -8
5 139 556 - 44 -8
6 151 604 -92 -17
7 149 596 -84 -16
8 145 580 - 68 -13
9 146 584 -72 -14
10 137 548 - 36 -7
11 144 576 -64 -12
12 141 564 -52 -10
13 148 592 - 80 -15
14 148 592 - 80 -15
15 143 572 - 60 -11

Aver age 145 580 - 68 -13

Table B2: Results for AlgorithmpP8, second version,

Size of T = 32.

Si ze New Bits

Tri al of Ty ROM SI ZE Saved Savi ngs (%)
1 294 1176 - 152 -14
2 302 1208 -184 - 17
3 302 1208 -184 -17

4 306 1224 - 200 -19 —
5 301 1204 -180 -17
6 301 1204 - 180 -17
7 293 1172 - 148 -14
8 302 1208 -184 -17
9 299 1196 -172 -16
10 294 1176 - 152 -14
11 295 1180 - 156 =15
12 295 1180 - 156 -15
13 294 1176 -152 -14
14 291 1164 - 140 -13
15 303 1212 -188 -18
Aver age 298 1192 - 168 -16

Table B3: Results for Algorithm P8, first version,

Size of T = 64.



Si ze New Bits

Tri al of T, RCM SI ZE Saved Savi ngs (%)
1 275 1100 -76 -7
2 268 1072 - 48 -4
3 268 1072 - 48 -4
4 268 1072 - 48 -4
5 267 1068 -44 -4
6 270 1080 - 56 -5
7 265 1060 - 36 -3
8 283 1132 - 108 -10
9 269 1076 -52 -5
10 276 1104 - 80 -8
11 274 1096 -72 -7
12 294 1176 - 152 -14
13 269 1076 -52 -5
14 280 1120 - 96 -9
15 268 1072 - 48 -4
Aver age 273 1092 - 68 -6

Table B4 Results for Al gorithmps, second version,
Size of T = 64.

Size New Bits
Tri al of T, ROM S| ZE Saved Savi ngs (%)
1 510 2040 8 1
2 527 2108 - 60 -2
3 526 2104 - 56 -2
4 518 2072 - 24 -1 _
5 525 2100 -52 -2
6 528 2112 - 64 -3
7 527 2108 - 60 -2
8 511 2044 4 1
9 531 2124 -76 -3
10 535 2140 -92 -4
11 522 2088 - 40 -1
12 520 2080 -32 -1
13 524 2096 - 48 -2
14 526 2104 - 56 -2
15 534 2136 - 88 -4
Aver age 520 2080 -32 -1

Table B5: Results for Algorithmps, first version,

Size of T = 128.



Si ze New Bits

Tri al of T, ROM S| ZE Saved Savi ngs (%)
1 516 2064 - 16 0
2 470 1880 168 9
3 531 2124 -76 -3
4 476 1904 144 8
5 483 1932 116 6
6 484 1936 112 6
7 487 1948 100 5
8 531 2124 -76 -3
9 483 1932 116 6
10 474 1896 152 8
11 476 1904 144 8
12 498 1992 56 3
13 496 1984 64 4
14 499 1996 52 3
15 485 1940 108 6

Aver age 493 1972 76 4

Table B6: Results for A gorithmeps, second version,

Size of T = 128.

Si ze New Bits _
Trial of T, ROM S| ZE Saved Savi ngs (%)
1 966 3864 232 6
2 964 3856 240 6
3 979 3916 180 5
4 964 3856 240 6 __
5 931 3724 372 10
6 951 3804 292 8
7 971 3884 212 6
8 947 3788 308 8
9 971 3884 212 6
10 961 3844 252 7
11 971 3884 212 .- 6
12 970 3880 216 6
13 948 3792 304 8
14 957 3828 268 7
15 950 3800 296 8
Aver age 960 3840 256 7

Table B/: Results for AlgorithmpPsg, first version,
Size of T = 256.



Si ze New Bits

Trial of T, ROM S| ZE Saved Savi ngs (%)
1 851 3404 692 17
2 892 3568 528 13
3 896 3584 512 13
4 852 3408 688 17
5 859 3436 660 17
6 866 3464 632 16
7 870 3480 616 16
8 861 3444 652 16
9 871 3484 612 15

10 868 3472 624 16

11 861 3444 652 16

12 880 3520 576 15

13 873 3492 604 15

14 863 3452 644 16

15 884 3536 560 14

Aver age 870 3480 616 16

Table B3: Results for Al gorithmpP8, second version,
Size of T = 256.

Si ze New Bits

Trial of T, ROM S| ZE Saved Savi ngs (%)
1 1714 6856 1336 17
2 1694 6776 1416 18
3 1702 6808 1384 17

4 1668 6672 1520 19 .
5 1682 6728 1464 18
6 1674 6696 1496 19
7 1664 6656 1536 19
8 1711 6844 1348 17
9 1662 6648 1544 19
10 1688 6752 1440 18
11 - 1686 6744 1448 -- 18
12 1653 6612 1580 20
13 1716 6864 1328 17
14 1729 6916 1276 16
15 1683 6732 1460 18
Average 1688 6752 1440 18

Table B9: Results for AlgorithmpPs, first version,
Size of T = 512. -



Tri al of Ty ROM SI ZE Saved Savi ngs (%)
1 1573 6292 1900 24
2 1558 6232 1960 24
3 1581 6324 1868 23
4 1547 6188 2004 25
5 1551 6204 1988 25
6 1551 6204 1988 25
7 1531 6124 2068 26
8 1546 6184 2008 25
9 1558 6232 1960 24
10 1559 6236 1956 24
11 1545 6180 2012 25
12 1545 6180 2012 25
13 1535 6140 2052 26
14 1533 6132 2060 26
15 1577 6308 1884 23
Aver age 1553 6212 1980 25

Table B10: Results for AlgorithmP8, second version,

Size of T = 512.

Si ze New Bits

Tri al of T, ROM SI ZE Saved Savi ngs (%)
1 2968 11872 4512 28
2 2973 11892 4492 28
3 3206 12824 3560 22

4 2967 11868 4516 28
5 2999 11996 4388 27
6 2952 11808 4576 28
7 3050 12200 4184 26
8 2996 11984 4400 27
9 2982 11928 4456 28
10 2980 11920 4464 28
11 - 2972 11888 4496 ~-- 28
12 3008 12032 4352 27
13 3011 12044 4340 27
14 2999 11996 4388 27
15 2957 11828 4556 28
Aver age 3001 12004 4380 27

Table B11l: Results for AlgorithmP8, first version,

Size of T = 1024. -



Si ze New Bits

Tri al of Ty ROM sI ZE Saved Savi ngs (%)
1 2726 10904 5480 34
2 2745 10980 5404 33
3 2754 11016 5368 33
4 2741 10964 5420 34
5 2721 10884 5500 34
6 2730 10920 5464 34
7 2745 10980 5404 33
8 2751 11004 5380 33
9 2749 10996 5388 33
10 2737 10948 5436 34
11 2741 10964 5420 34
12 2755 11020 5364 33
13 2716 10864 5520 34
14 2744 10976 5408 34
15 2788 11152 5232 32
Aver age 2743 10972 5412 34

Table B12: Results for Al gorithmP8, second version,

Size of T = 1024.



APPENDI X C
Results with Test Sets of n=31, N = 1024,

Thi s appendi x contains the results of nost of the
algorithns presented in this thesis run on 10 sets of n = 31
bit vectors with N = 1024. A gorithmpPl was chosen for com
pari son. The others were chosen because they yiel ded t he best

for the other test sets.

S ze New Bits
Trial of T, RCM sI ZE Saved Savi ngs (%)
1 7689 38445 - 6701 -21
2 7674 38370 - 6626 -20 .
3 7691 38455 -6711 -21
4 7697 38485 - 6741 -21
5 7676 38380 - 6636 - 20
6 7703 38515 -6771 -21
7 7690 38450 - 6706 -21
8 7653 38265 - 6521 - 20
9 7697 38485 - 6741 -21
10 7697 38485 - 6741 -21
Average 7687 38435 - 6691 -21

Table c1: Results for AlgorithmPl on n = 31, N = 1024.



S ze New Bits

Tri al of T, ROM S| ZE Saved Savi ngs (%)
1 6822 27288 4456 15
2 6817 27268 4476 15
3 6809 27236 4508 15
4 6809 27236 4508 15
5 6820 27280 4464 15
6 6811 27244 4500 15
7 6807 27228 4516 15
8 6805 27220 4524 15
9 6815 27260 4484 15
10 6797 27188 4556 15

Average 6811 27244 4500 15

Table @: Results for AlgorithmP4 on n = 31, N = 1024.

Size New Bits
Tri al of T, ROM S| ZE Saved Savi ngs (%)
1 7699 30796 948 3
2 7730 30920 824 3
3 7733 30932 812 3
4 7723 30892 852 3 .
5 7701 30804 940 3
6 7724 30896 848 3
7 7725 30900 844 3
8 7716 30864 880 3
9 7733 30932 812 3
10 7737 30948 796 3
Average 7722 30888 856 3

Table CG3: Results for AlgorithmP5 on n = 31, N = 1024.



Si ze New Bits

Trial of T, ROM S| ZE Saved Savi ngs (%)
1 6822 27288 4456 15
2 6817 27268 4476 15
3 6809 27236 4508 15
4 6809 27236 4508 15
5 6820 27280 4464 15
6 6811 27244 4500 15
7 6807 27228 4516 15
8 6805 27220 4524 15
9 6815 27260 4484 15
10 6798 27192 4552 15

Average 6811 27244 4500 15

Table & Results for AlgorithmP6 on n = 31, N = 1024

Size New Bits

Trial of T, ROM S| ZE Saved Savi ngs (%)

1 7712 30848 896 3

2 7706 30824 920 3

3 7680 30720 1024 4

4 7721 30884 860 3 _

5 7691 30764 980 4

6 7700 30800 944 3

7 7694 30776 968 4

8 7681 30724 1020 4

9 7689 30756 988 4

10 7756 31024 720 3
Average 7703 30812 932 3

Table &: Results for AlgorithmP7 on n = 31, N = 1024



Si ze New Bits

Tri al of T, ROM SI ZE Saved Savi ngs (%)
1 7596 37980 -6236 -19
2 7617 38085 -6341 -19
3 7580 37900 -6156 -19
4 7584 37920 -6176 -19
5 7577 37885 -6141 -19
6 7614 38070 -6326 -19
7 7614 38070 -6326 -19
8 7592 37960 -6216 -19
9 7586 37930 -6186 -19
10 7604 38020 -6276 -19
Aver age 7596 37980 -6236 -19
Table C6: Results for Algorithm P8 on n = 31, second version
and N=1024.-

The poor results were probaly caused by the small
fraction of the total set the test sets contain. One thou-
sand and twenty four is | ess than one percent of the conplete

set of 231 vectors.



APPEND X D

PLI Programs

P2:PROC OPTIONS (MAIN) ;

DCL (NoB,NUV,SL, SR BB, P(O5) Fl XED BIN(31);
DCL | NPUT FI LE | NPUT;

CGET LIST(NUV,NOB,POS,BB)

GET FILE I NPUT) LI ST(nuUv, NOB, PCS, BB) ;

SL=0;

BCL htcracz NVY,
1
2 VECICR CHAR (NOB) ,
2 USED - - BIT(1),

1 LVECTOR (NOB),
2 LX CHAR(NOB),
(DONE, OLD, BFLAG, INRANGE) BIT (1),

KEY CHARgNOB),

AN CHAR(1),

YQU FI LE | NPUT,

NUVBS FI LE STREAM OUTPUT ENV (F BLKSIZE(80) ),
(VCOUNT, LINK, COUNT, RANGE) ENTRY,

HEX ENTRY RETURNS (CHAR(16)),

| COUNT FI XED BIN3 1) ,

Z FI XED DEC(10, 4) ,

(I,J,KK) FI XED BIN31) , _

(PP, TCNT, LOGG RN,MINCNT
MINPTR MVCNT,CCNT,LPTR)FIXED BIN(31);
LOGG=0;TCNT=1; MVCNT—O ICOUNT=0;BFLAG='0"'B;
E()Wg;LE(Z**LOGG<NOB) ; LOGG=LOGG+1; END;
RN=2""(LOGE5 BB)
DO 1=1 TO NuV;
CET LIST(PP); USED(I)='0'B; --
VECTCK | ) =sUBSTR HEX (PP,NOB) ,1,NCB) ;

KEY- VECTOR(1) ; USED(1)='1'B; DONE='0'B;
ICOUNT=ICOUNT+1;
PUT FI LENUMBS) LI ST(1) ;
KK=0;
JX=-1;
DO VH LE (" DON\B);
MVCNT=NOB+1;
JIX=JX+1;



| =2 TO NUV;
F ~USED(I) THEN DO;
CALL COUNT KEY, VECTCK | ) ,NOB, GCNT)
| F CONT < MVCNT THEN DO,
MVCNT=CCNT; MINPTR—I'
END;
END;
END;
PP=POS ;
CALL LINK(KEY,VECTOR(MINPTR),LVECTOR,NOB,PP,LPTR,RN) ;
DO 1=1 TO LPTR- 1;
OLD='0'B;J=1;
DO WA LE(J<=NUv & "Q.D) ;
| F ~USED(J) THEN DO
| F VECTCR J) |_>(|) THEN DQ
USED(J)='1'B;0LD="'1'B;

’
1

™

END,
I F "CQLD TI—EN J=J+1;
EI\D,
KK=MOD (KK+1, 3) ;
ICOUNT=ICOUNT+1;
| F LD THEN DO
PUT EDIT(''''||LVECTOR(I) || '**'''[]",")
(COL((1) *KK+1), A ;
PUT FI LE NUMBS) LI ST(J) ;NOB+4
END;
ELSE
PUT EDIT(''''||LVECTOR(I)||''''||"',")
(COL((1) *KK+1),A);
KEY=VECTOR (MINPTR) ; USED (MINPTR)="'1'B;
TCNT=TCNT+LPTR-1;
DONE='1'B;
DO I=1 TO NUV;IF AUSED(I) TN
DONE='0'B;END;
END;

PUT EDIT('OLD INFO',6NUV,NOB,NOB*NUV)

(COL(1) ,A,€OL(10),F(7),COL(20),F(7),COL(30),F(10)7-
PUT EDIT('NEW INFO!,TCNT,LOGG, TCNT* (LOGG=-1))

(COoL(1) ,A,COL(10) ,F(7),COL(20),F(7),COL(30),F(10));
Z=(NOB*NUV-TCNT¥ LOGG 1) ) ;

Z=Z/ (NOB*NUV) *100;

PUT EDIT('SAVINGS',NOB*NUV~TCNT* (LOGG-1),32)

(CoL(1) ,A,COL(10),F(7),COL(20) ,F(7.4),COL(30),F(10));

END P2:



P3:PROC OPTIONS (MAIN) ;

DCL (NoB,NUV,SL, SR BB, PO5) FI XED BIN(31)
DCL | NPUT FI LE | NPUT,;

CET LI ST(Nuv, NOB, PC5, BB)

CET FI LE 1 NPUT) LI ST(NuV,NOB, PCS, BB) ;

SI=0;

BEA N

DCL 1 CR G ,
2 VECTCR CHAR (NOB) ,
2 USED BIT (1),

1 LVECTOR(NOB),
2 LX CHAR(NOB),
(DCI\E CLD, BFLAG, INRANGE)BI T 1) ,

CHAR (NOB) ,
AN CHAR(1),
YQU FI LE | NPUT,
NUVBS FI LE STREAM QUTPUT ENV(F BLKSIZE(80)),
(M(Ilhn LI NK, COUNT ) ENTRY,
ENTRY RETURNS ( CHAR( 16) ) ,
chljwr FI XED BIN(31),
z - - FI XED DEc(10,4),
(I,J3,KK) FI XED BIN%{Q
(PP, TCNT, LOGG , RN, MINCNT, MINPTR

MVCNT, CONT, LPTR) FI XED BI N3 1) ;
LOGG=0 ; TCNT=1 ;MVCNT=0 ; ICOUNT=0 ; BFLAG="'0"'B;
DO WHILE (2**LOGG<NOB) ; LOGG=LOGG+1;END;
RN=2#*% (LOGG-BB) ;

DO 1=1 TO NUV;
CET LIST(PP); USED(I)='0'B;
VECTCR | ) =sUuBSTR HEX (PP, NOB) ,1,NCB) :

KEY=VECTOR(1) ; USED(1)='1'B; DONE='0"'B;
ICOUNT=ICOUNT+1;
PUT FI LE NUMBS) LI ST(1) ;
KK=0;
JX=-1;
DO VA LE (" DONEB) ;
INRANGE= '0'B;
MVCNT=NOB+1;
JX=JX+1; - .-
DOl =2 TO NUV;
| F ~usep(1) THEN DO
CALL COUNT KEY, VECTCR1) ,NOB,QONI)
|F GONT = 1 & ~INRANGE THEN DO
CALL RANCH KEY, VECTCKI) ,NCB, PG5, INRANGE) ;
| F INRANGE THEN DO, MVCNT=CCNT;MINPTR=I; END

END;
ELSE DO,
| F GONT < MVONT THEN DO
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MVCNT=CCNT ; MINPTR=I;
END;
END;
END;
END,
PP=POS ;
CALL LINK(KEY,VECTOR(MINPTR),LVECTOR,NOB,PP,LPTR,RN);
DO 1=1 TO LPTR-1;
OLD='0'B;J=1;
DO WA LE(J<=NUV & "D ;
| F ~usED(J) THEN DG
| F VECTCRJ) =LXI) THEN DQ
USED(J)='1'B;0LD='1'B;
END,
END;
| F ~oLD THEN J=J+1;
END:;
KK=MOD (KK+1, 3) ;
ICOUNT=ICOUNT+1;
| F QLD THEN- DO3}

PUT EDIT(''''||LVECTOR(I) || '*'''|[',")
(COL(1) *KK+1),):
PUT FI LK ) LI ST{J) ;NOB+4
END,
ELSE
PUT EDIT(''''||LVECTOR(I)||''''||"',")

(coL((1) *KK+1),A);
END ..
KEY=VECTOR M NPTR) ; USEL¥M NPTR) ='1'B;
TCNT=TCNT+LPTR=-1;
EBE?NE='1'B; DO 1=1 TO NUV;IF ~USED(I) THEN DONE='0'B;END;
PUT EDIT('OLD INFO',NUV,NOB,NOB*NUV)
(coL(1),A,coL(10),F(7),CL(20), H7) ,COL(30),F(10));
PUT EDIT('NEW INFO'!,TCNT,LOGG,TCNT* (LOGG~1))
(COL(1),A,COL(10),F(7),COL(20),F(7),COL(30),F(10))
Z=(NOB*NUV-TCNTX LO35 1) ) ;
Z=2/ (NOB*NUV) *#100;
PUT EDIT('SAVINGS',NOB*NUV-TCNT* (LOGG-1),2Z) -
(COL(1) ,A,COL(10),F(7),COL(20) ,F(7.4),COL(30),F(10));

!



RANGE:PROC(A,B,N,P,F);

DCL (A,B) CHAR(*),
F BIT(1),
(N,P,P1,P2,I) FI XED BIN(31):

P1=P;

DO =1 TO 15; Pl1=I+P; |F P1>N THEN P1=P1-~N;

ENS F SUBSTR(A,Pl,1) ~= SUBSTR(B,Pl,1) THEN P2=P1;

| F P2<P THEN P2=P2+N;

| F P2-P > N/2 THEN F='1'B;

ELSE F='0'B;

RETURN;?

END RANGE;

END P3;
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P4-PROC CPTIONSMNALN)

DCL (NOB,NUV,SL,SR,BB,P0S) Fl XED BIN(31)
DCL | NPUT FI LE | NPUT;

CET LI ST(Nuv, NCB, PCS, BB)

CET FI LK I NPUT) LI ST(NUv,NOB, PCS, BB) ;

BEQ N;

DCL 1 ORI G(NUV),
2 VECTCR CHAR (NOB) ,
2 USED BIT(1),

1 LVECTCR NCB) ,
2 LX CHAR(NOB),
(HNEQDMMGWMMDHKD,

sNOB),

AN HAR(1),

You FI LE | NPUT,

NUVBS FI LE STREAM QUTPUT ENV(F BLKSIZE(80)),
(VCOUNT, LINK, COUNT, RANGE) ENTRY,

| COUNT Fi XED B N31) ,

yd FI XED DEC(10,4),

(I,J,KK) FIXED BIN(31),
(PP, TCNT, LOGG, RN, MINCNT,
M NPTR, MVCNT, QONT, LPTR) FI XED BIN31) ;
LOGG=0; TCNT=1; MVCNT=0; ICOUNT=0;
Ei)wi LE (2**LOGG<NOB) ; LOGG=LOGG+1 END;
RN=2"(LO3G BB) :
SR=RN; SL=0;
DO 1=1 TO NUV; GET LIST(VECTOR(I)):USED(I)='0'B; END
KEY=VECTOR(1) ; USED(1)='1'B; DONE='0'B; ..
ICOUNT=ICOUNT+1;
KK=0;
DO VH LE (" DONE)
MINCNT=NOB+1;
DOl =2 TO NUV;
| F ~USED(I) THEN DG
CALL COUNT KEY, VECTCK 1) ,NoB,CCNT) ;
SELECT;
WHEN(CCNT<MINCNT) DO;
MINCNT=CCNT ;MINPTR=I;
- CALL- VOOUNT( KEY, VECTCR|) ,NCB, MVCONT, Pos, RN ;
END;
WHEN(CCNT=MINCNT) DO
CALL VCOUNT(KEY,VECTOR(I),6NOB,CCNT,POS,RN) ;
| F ¢ceNT< MVONT THEN DG,
MVCNT=CCNT ; MINPTR=I;
END,
END;
OTHERW SE;
END,
END,



END;
PP=POS ;
| F s>0 THEN DO
BACK:DO I=SL TO 1 BY -1;
PP=POS-I;IF PP<=0 THEN PP=PP+NOB;
| F SUBSTR(KEY, PP, 1) A=SUBSTR(VECTOR(MINPTR) , PP, 1)

THEN DO
BFLAG='1'B; LEAVE BACK
END;
END BACK;
| F ~ABFLAG THEN PP=POS;

END;
CALL LINK(KEY,VECTOR(MINPTR),LVECTOR,NOB,PP,LPTR,RN) ;
POS=PP;
DO 1=1 TO LPTR 1;
OLD='0'B;J=1;
DO WHILE(J<=NUV & "D ;
| F ~USED(J) THEN DQ
| F VECTOR(J)=LX(I) THEN DQ
USED(J)='1'B;0LD='1'B;
END;
| F " QAQ.D THEN J=J+1;
END;
KK=MOD (KK+1,3) ;
ICOUNT=ICOUNT+1;
| F QLD THEN DG,
PUT EDIT(""IILVECTOR(I)lI'*"""
L ((NOB+4)*KK+1) A ;
PUT FI LE NUMBS) LI STJ) ;

END;
ELSE
PUT EDIT(''''||LVECTOR(I)||"'''"|]|',") .
(COL( (NOB+4) *KK+1), A) ;
END;

KEY=VECTOR M NPTR) ; USEI}M NPTR) ='1'B;

TCNT=TCNT+LPTR-1;
EBE?NE—'I'B ;DO 1=1 TO NUV;IF AUSED(I) THEN DONE='0'B;END;
PUT EDIT('OLD INFO',NUV,NOB,NOB*NUV)

(COL(1),2, COL(10),F(7),COL(0),£(7),COL(30) ,F(10)) ;
PUT EDIT('NEW INFO',LCOUNT,LOGG, ICOUNT* (LOGG=-1))
(COL(1),A,COL(10),F(7),COL(20),F(7),COL(30),F(10)) :

2= (NOB*NUV-ICOUNT* (LOGG-1) ) ;
2=%/ (NOB*NUV) *100;
PUT EDIT(!'SAVINGS',NOB*NUV=ICOUNT* (LOGG-1),32)

(coL(1) ,A,COL(10),F(7),COL(20),F(7.4),COL(30) ,F(10));

END;
END P4;



P4:PROC OPTIONS (MAIN) ;

DCL (NoB,NUV,SL, SR BB, PC5) FI XED BIN(31)
DCL | NPUT FI LE | NPUT;

GET LIST(NUV,NOB,POS,BB) ;

CET FI LE | NPUT) LI ST(NUV,NOB,PCS, BB) ;

SL=0;

BEQ N:

DCL 1 CH
2 VECTCR CHAR (NOB) ,
2 USED BIT(1),

1 LVECTOR(NOB),
2 LX CHAR(NOB),
(DONE, OLD, BFLAG, INRANGE) BIT (1),

KEY CHAR (NOB) ,

AN CHAR(1),

YQU FI LE | NPUT,

NUVBS FI LE STREAM OQUTPUT ENV
(F BLKSI ZE 80) ),

(VCOUNT, LINK, COUNT, RANGE) ENTRY,

HEX - =7 ENTRY RETUR\S (CHAR(16) ),

| COUNT FI XED BIN(31),

Z FI XED DEC(10,4),

(I,7,KK) FI XED BI N 31) ,

(PP, TCNT LOGG, RN, MINCNT,

M NPTR, MVONT, GONT, LPTR) FI XED BI N3 1)
LOGG=0; TCNT=1 ; MVCNT=0 ; ICOUNT=0 ; BFLAG="'0"'B;
E()WH;LE(z**LOGG<NOB) LOGG=LOGG+1;END;
RN=2""(LOS3G BB)

DO 1=1 TO NW,

CET LIST(PP); USED(I)='0'B;

VECTCR | ) =suBsTR HEX (PP,NOB) ,1,NCB) ;
KEY=VECTOR(1) ; USED(1)='1'B; DONE='0"'B;
ICOUNT=ICOUNT+1;

PUT FILE(NUMBS)LIST(1):
KK=0;
JX==1;
DO WA LE (" DONE) ;
MVCNT=NOB+1;
JX=JX+1;
DOl =2 TO NUV;
| F ~usED(I) THEN DO
CALL YCOUNT (KEY,VECTOR(I),NOB,CCNT, POS,RN) ;
| F GONT < MVCNT THEN DG,
MVCNT=CCNT ;MINPTR=I;
END;
END;
END;
PP=POS ;



END,
CALL LINK(KEY,VECTOR(MINPTR),LVECTOR,NOB,PP,LPTR,RN)7
S=PP;
ffREP(BITIO\IPCS,[I]\EINLLIN( */
/* PRINT VECTCR ALL CF LI NK AND VECTOR(MINPTR), M NPTR
DO 1=1 TO LPTR 1:
OLD='0'B;J=1;
DO WA LE(J<=NUV & "QD) ;
| F AUSED(J) THEN DQ
| F VECTOR(J)=LX(I) THEN DO
USED(J)='1'B;OLD="'1"'B;
END;
| F ~OLD THEN J=J+1;
END;
KK=MOD (KK+1,3) ;
ICOUNT=ICOUNT+1;
| F QLD THEN DQ

PUT EDIT(''''||LVECTOR(I)||"*'''[|"',") (COL(1),A);
PUT FI LE(NuMBS) LI STJ) ;

END;

ELSE
PUT EDIT(''''||LVECTOR(I)||'''*||',") (COL(1),A);

END;
KEY=VECTOR (MINPTR) ; USED (MINPTR)="'1"'B;
TCNT=TCNT+LPTR~-1;
DONE='1'B; DO I=1 TO NUV;IF AUSED(I) THEN DONE='0'B;-
END; END; ..
PUT EDI T( QLD | NFO , NUV, NOB, NOB*NUV) (COL(1) ,A,COL(10),~
F(7) ,COL(20),
F(7),COL(30),F(10)) ;
PUT EDIT('NEW INFO', ICOUNT,LOGG, ICOUNT* (LOGG-1)) _
(coL(1) ,A,COL(10) ,F(7),COL(20),F(7),COL(30),~
F(10)); Z=(NOB*NUV-ICOUNT* (LOGG-1)) ;
Z=%/ (NOB*NUV) *#100;
PUT EDIT('SAVINGS', NOB*NUV-ICOQUNT* (LOGG-1),2)
(COL(1) ,A,COL(10),F(7),COL(20),F(7.4),COL(30),F(10));

END P5; -



P6:PROC OPTIONS (MAIN) ;

DCL (NOB,NUV,SL,SR,BB,P0S) Fl XED BIN(31);
DCL I NPUT FI LE | NPUT;

CET LIST(NUV,NOB,POS,BB) ;

CET FI LE 1 NPUT) LI STT NW, NCB, PGS, BB) ;

BEQ N;

DCL 1 CRI G(NUV),
2 VECTCR CHAR(NOB) ,
2 USED BIT(1),

1 LVECTOR(NOB),
2 LX CHAR(NOB),
(DO\E CLD, BFLAG, INRANGE) Bl T 1) ,

CHARsNOB),

AN CHAR(1),

YQU FI LE | NPUT,

NUVBS FI LE STREAM QUTPUT ENV(F BLKSIZE(80)),
(VCOUNT, LINK, COUNT , RANGE) ENTRY.

| COUNT Fi XED BI N31) ,

Z FI XED DEC(10,4),

(I,J3,KK) Fl XED BIN(31),

(PP, TCNT, LOGG, RN, MINCNT,

MINPTR,MVCNT,CCNT, LPTR) FI XED BIN31) ;
LOGG=0 ; TCNT=1 ; MVCNT=0 ; ICOUNT=0;
E[)W¥¥LE(2**LOGG<NOB);LOGG=LOGG+1;END;
RN=2""(LO3G BB) ;
SR=RN; SL=0;

DO 1=1 TO NUV; CET LIST(VECTOR(I)): USED(I)='0'B;
END; .
KEY- VECTCR(1) ; USED(1)='1'B; DONE='0"'B;
ICOUNT=ICOUNT+1;

KK=0;

DO WA LE (" DONB) ;
MINCNT=NOB+1;
DOl =2 TO NUV;
| F ~USED(I) THEN DG
CALL VCOUNT(KEY,VECTOR(I), NOB,MVCNT,POS,RN) ;
SELECT;
WHEN(MVCNT<MINCNT) DO;
~MINCNT=MVCNT ; MINPTR=I; -
E“DCY&L CONT KEY, VECTCK 1) ,NCB,QONI) ;
WHEN(MVCNT=MINCNT) DO;
CALL OCOUNT KEY, VECTCR 1) ,NOB, M/CNT) ;
| F MveNT< CONT THEN
CCNT=MVCNT ; MINPTR=I ;
END;



END;
OrHERW SE
END;
END;
END;
PP=POS ;
CALL LINK(XEY,YECTOR(MINPTR),LVECTOR,NOB,PP,LPTR,RN)
POS=PP;
DO 1=1 TO LPTR- 1,
OLD='0'B;J=1;
DO VWH LE(J<=Nuv & "QD) ;
| F ~useD(J) THEN DO
| F VECTOR(J)=LX(I) THEN DO;
USED(J)='1'B;0LD='1'B;
END,
| F "QAQ.D THEN J=J+1;
END;
KK=MOD (KK+1, 3) ;
ICOUNT=ICOUNT+1;
| F LD THEN DO
PUT EDIT(''''||LVECTOR(I) || '*'*'|]1',")
(COL ( (NOB+4) *KK+A) ;
PUT FI LK NUMBS) LI STJ) ;

END,
ELSE
PUT EDIT(''''||LVECTOR(I)||''''|]|"',")
2D (COL( (NOB+4) *KK+1), A)

KEY=VECTOR (MINPTR) ;USED (MINPTR)="'1'B;
TCNT=TCNT+LPTR-1;
EBE?NE='1'B:DO 1=1 TO NUV;IF ~USED(I) THEN DONE='0'B;END;
! _
PUT EDIT('OLD INFO',6NUV,NOB,NOB*NUV)
(CoL(1),A,COL(10),F(7)COL20),F(7),COL(30),F(10)) ;
PUT EDIT('NEW INFO', ICOUNT,LOGG, ICOUNT* (LOGG=1))
(COL(1) ,A,COL(10) ,F(7),COL(20) ,F(7),COL(30),F(10)) ;
Z=(NOB*NUV-ICOUNTX LO3G 1) ) ;
Z=2/ (NOB*NUV) *100;
PUT EDIT('SAVINGS',NOB*NUV~-ICOUNT* (LOGG=-1),2) .-
(coL(1),A,CcOL(10),F(7),COL(20),F(7.4),COL(30) ,F(10)) ;

END P6:



P7-PROC CPTI ONG MAIN) ;

DCL (NOB,NUV,SL,SR,BB,P0S) Fl XED BIN(31);
DCL | NPUT FI LE | NPUT;

GET LI ST(nuv, NOB, PCS, BB) ;

GET FI LE | NeUT) LI ST(NUV, NoB, PCS, BB) ;

SL=0;

BEQ N;

DCL 1 CRI G(NUV),
2 VECTOR CHAR(NOB) ,
2 USED BIT(1),

1 LVECTOR(NOB),
2 LX CHAR(NOB),
(DO\E QLD, BFLAG, INRANGE)BI T(1) ,

CHAR (NOB) ,
AN CHAR(1)
YQU FI LE | I\PUT,
NUMBS FI LE STREAM QUTPUT ENV(F BLKSIZE(80)),
(VCOUNT, LINK, COUNT, RANGE , WEIGHT) ENTRY,
HEX ENTRY RETURNS (CHAR(31)),
I OQJ\IT - - FI XED BIN(31),

FI XED DEC(10,4),

(| J, KK, ONEONT NCB) , VLEFT, WV NONT, wenT) FI XED BI N31) ,
(PP TCNT LOGG, RN, MINCNT

M NPTR, W/ONT, OCONT, LPTR) FI XED BIN31) ;

LOGG=0 § TCNT=1 ;MVCNT=0; ICOUNT=0; BFLAG='0"'B;

DO WHILE (2**LOGG<NOB) ; LOGG=LOGG+1;END;
RN=2""(LO3G BB)

DO 1=1 TO NCB; ONECNT(I)=0; END,
D01= TO I\UV

I PP USEX | )='0"
CRS{% —ﬁ)%STI(I-E[):(((%’P gog) 1,NCB) ;

DO J=1
| F SLBSTF{VECTCRI) ,1)='1* THEN
CONECNT(J) —ONECN‘I(J) + ;
END;
END;
KEY=VECTOR (1) ; USED(1)='1'B; DONE='0"'B;

ICOUNT=ICOUNT+1;
PUT FI LE NUMBS) LIST(1) ;
KK=0; VLEFT=NUV;
DO VW LE (" DONB);
VLEFT=VLEFT-1;
MVCNT=NOB*2+1;
IX=TX+1;
DO I =2 TO NUV;
| F ~USED(I) THEN DO
CALL YCOUNT (KEY,VECTOR(I),NOB,CCNT,POS,RN) }
SELECT;
WEN OONT < MVONT ) DO



MVCNT=CCNT ;MINPTR=I ;
CALL WEl GHT{ ONECNT, VECTCR( | ) ,WMINCNT,VLEFT)
END;
WHEN(CCNT=MVCNT) DO
CALL VEI GHT ONECNT, VECTOR(I) ,WCNT,VLEFT) ;
| F (WONT > WM NONT) THEN DG,
MVCNT=CCNT ; MINPTR=I ; W{INCNT=WCNT;

END;
END;
OTrHERW SE;
END;
END;

END;
PP=POS ;
CALL LINK(KEY,VECTOR(MINPTR),LVECTOR,NOB,PP,LPTR,RN) ;
POS=PP;
DO 1=1 TO LPTR 1;
OLD='0'B;J=1;
DO WA LE(J<=NUV & "QD) :
| F ~AUSED(J) THEN DQ,
| F VECTCRJ) =LXI) THEN DQ
USED(J)='1'B;OLD="'1'B;
END,
END;
IF " QLD THEN J=J+1;
END;
KK=MOD (KK+1, 3) ;
ICOUNT=ICOUNT+1;
| F A.D THEN DGO,
PUT EDIT('''' | |[LYECTOR(I) || '*rtr|f',")
(COL((1) *KK+1A)
PUT FI LE NUMBS) LI STJ) ;NOB+4

END;
ELSE B
PUT EDIT(''''||LVECTOR(I)||''''|]|"',")
(COL((1) *KK+1)
END;

KEY=VECTOR (MINPTR) ;USED (MINPTR)='1"'B;
TCNT=TCNT+LPTR-1;
DONE='1'B; DO 1=1 TO NUV;IF ~USED(I) THEN DONE='0'B;END;
END; -
PUT EDIT('OLD INFO',6NUV,NOB,NOB*NUV)
(COL(1) ,A, COL(lO) F(7)OL(20) F(7), COL(30) F(10)):
PUT EDIT('NEW II\FO I(IlNI' LOGS | COUNT* (LCIBG )
(coL(1) ,A,COL(10) ,F(7),COL(20) ,F(7),COL(30),F(10)) ;
Z=(NOB*NUV—ICOUNTK[III}1));
Z=Z/ (NOB*NUV) #100;
PUT EDIT('SAVINGS',6NOB*NUV-ICOUNT#* (LOGG-1),Z)
(coL(1) ,A,CcOL(10),F(7),COL(20),F(7.4),COL(30),F(10))

END;
END P7; -
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P8:PROC OPTIONS (MAIN) ;
DCL (NOB,NUV,SL, SR,BB,PC5) FI XED BIN31) ,
| NPUT FI LE | NPUT,;
CET LI ST(Nuv, NCB, PCS, BB) ;
CET FILE I NPUT) LI ST(yuv,NCB, PCS, BB) :

NOB=NOB-1;

SL=0;

BEQ N;

DCL 1 ARG NW ,
2 FLAG CHAR(1l), 2 VECTCR CHAR NCB) ,
2 USED BIT(1) ,
VX CHAR(NOB+1) ,

YQU FI LE | NPUT,
1 LVECTOR(NOB), 2 LX CHAR(NOB),

FFLAG CHAR(1) ,
(DONE, OLD, BFLAG, HDONE, INRANGE) BIT(1) ,
KEY CHAR (NOB) ,
NUMBS FI LE STREAM QUTPUT ENV(F BLKSIZE(80)),
(VCOUNT, LINK, COUNT, RANGE , WEIGHT) ENTRY,
HEX ENTRY RETURNS (CHAR(31)),
| QOUNT - - FI XED BIN(31),
Z FI XED DEC(10,4),
TC CHAR(1),
(RNI,J,XK,ONECNT(NOB),VLEFT,WMINCNT,WCNT) FIXED
BIN(31),
(FC PGS )y FI XED
BIN(31),

(PP, TCNT, LOGG, RN, MINCNT,
MINPTR,MVCNT, CONT, LPTR) FI XED BIN31) : .
CCNT—l MVCNT=0; ICOUNT=0 ; BFLAG="'0"'B;HDONE="'0"'B;LOGG=0;FC=0;
DO WHILE (2**LOGG< (NOB+1) ) ; LOGG=LOGG+1;END;
RN=2""(LOGG BB) ;
DO 1=1 TO NOB; ONECNT(I)=0; END
DO 1=1 TO NUV;
GET LISTPP) ; USEI) ='0'B;
VX=SUBSTR (HEX (PP, NOB+1) ,1,NOB+1) ; FLAG(I)=
SUBSTR (VX,NOB+11) ; .
/*PUT EDIT(I,VX) (COL(1l),F(3),COL(5),a); */
VECTCK | ) =sUBSTR VX, 1 I\[:B)
| F FLag¢r)='1* THEN Fc—Fc+1, -
DO J=2 TO NCB;
| F SUBSTR(VX,J,1)="'1'" THEN ONECNT (J-1)=ONECNT (J=1)+1;
END,
END;
POS=0;MAX=FC;DO 1=1 TO NCB;
| F ONECNT(I) > MAX THEN DO MAX=ONECNT(I); POS=I; END,
END;

/ *DI SPLAY ('MOST COMMONR ') ;*/
RNI=0;
| F PGS ~= 0 & RNI=1 THEN DO
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PUT LIST(FC,ONECNT(POS)) ;
SELECT (POS) ;
WHEN (1) DO;
DO I=1 TO NUV; TC=FLAG(I):; FLAG(I)=
SUBSTR(VECTOR(I)1,1):
SUBSTR (VECTOR(I),1,1)=TC;END;
ONECNT (1) =FC;
END;
WHEN (NOB) DO;
DO I=1 TO NUV; TC=FLAG(I); FLAG(I)=
SUBSTR (VECTOR (I)NOB, 1) ;
SUBSTR (VECTOR(I),NOB,1)=TC;END;
ONECNT (NOB) =FC;
END;
OTHERWISE DO;
DO I=1 TO NUV; TC=FLAG(I); FLAG(I)=
SUBSTR (VECTOR (I)POS, 1) ;
VECTOR (I)=FLAG(I) | | SUBSTR(VECTOR(I),1,P0OS-1) ||
SUBSTR (VECTOR (I) ,POS+1) ;END;
DO I= POS TO 2 BY =-1; ONECNT(I)=ONECNT(I-1);END;
ONECNT (1) =FC;
END;
END;
END;
KEY=VECTOR(1); USED(l)='1'B; DONE='0'B; FFLAG=FLAG(1):;
/* PUT EDIT(1,KEY) (COL(1),F(3),COL(5),A);*/
ICOUNT=ICOUNT+1;
/*PUT FILE(NUMBS)LIST(1) ;*/
KK=0; VLEFT=NUV;
DO WHILE (~DONE) ;
VLEFT=VLEFT-1;
MVCNT=NOB*2+1;
IX=TX+1;
DO I =2 TO NUV;
IF AUSED(I) & FLAG(I)=FFLAG THEN DO;
CALL VCOUNT (KEY,VECTOR(I),NOB,CCNT,POS,RN) ;
SELECT;
WHEN( CCNT < MVCNT ) DO;
MVCNT=CCNT ; MINPTR=1I ;
-CALL. COUNT (KEY, VECTOR (I) ,NOB, WMINCNT) ;-
END;
WHEN (CCNT=MVCNT) DO;
CALL COUNT (KEY,VECTOR(I),NOB,WCNT) ;
IF (WCNT < WMINCNT) THEN DO;
MVCNT=CCNT ; MINPTR=I ; WIINCNT=WCNT ;
END;
END;
OTHERWISE;
END;

END; -



END;
PP=POS ;
| F sL>0 THEN DQ
BACK:DO I=sL TO 1 BY -1,
PP=POS-I;IF PP<=0 THEN PP=PP+NOB;
| F SUBSTR(KEY, PP, 1) A=
sUBSTR VECT CR(M NPTR) ,PP,1) THEN DO
BFLAG='1'B; LEAVE BACK;
END;
END BACK;
| F ~ABFLAG THEN PP=POS;
END;
CALL LINK(KEY,VECTOR(MINPTR),LVECTOR,NOB,PP,LPTR,RN);
POS=PP;
DO 1=1 TO LPTR- 1;
OLD='0'B;J=1;
DO WHILE(J<=NUV & "D ;
| F ~useDp(J) THEN DO
| F VECTOR(J)=LX(I) THEN DQ
USED{J)='1'B;OLD='1'B;
END;
|F " QD THEN J=J+1;
END;
KK=MOD (KK+1,3) ;
ICOUNT=ICOUNT+1;
| F QLD THEN DG,
PUT EDI TTM NPTR) (OO(1) ,F(5)):

PUT EDIT(''''||LVECTOR(I)||**'*'*|]"',")(COL(1),A);
PUT FI LE NUMBS) LI ST(J) :NOB+4KK+1,
END;
ELSE _
ENEPT EDIT(''*'||LVECTOR(I)||''''||',') (COL(1),A):

KEY=VECTOR M NPTR) ;USE M NPTR) ='1"'B;
TCNT=TCNT+LPTR-1;
HDONE='1"'B;
DONE='1'B; DO 1=1 TO NW,
| F FLAG(I)=FFLAG & ~USED(I) THEN HDONE='0'B; --
| F ~USED(I) THEN DONE=‘'0'B;END;
| F HDONE THEN DO;IF FFLAG='0' THEN FFLAG='1l';
ELSE FFLAG='0'; END,
END;
PUT ED T('CQLD | NFO' ,NUV, (NOB+1) , (NOB+1) *NUV)
(COL(1) ,A,COL(10), F(7) COL(20) F(7) COL(30) ,F(10)) ;
PUT EDIT('NEW IhFCLICILAW,LOGGICILBH*(LCII}l))
(COL(1),A,COL(10),F(7),COL(20),F(7),COL(30),F(10));
Z=( (NOB+1) *NUV-ICOUNT* (LOGG~-1)) ;
Z=2/ ( (NOB+1) *NUV) #100; T



PUT EDIT('SAVINGS', (NOB+1) *NUV-ICOUNT#* (LOGG-1),Z)
(COoL(1) ,A,COL(10) ,F(7),COL(20),F(7.4),COL(30),F(10));
END;
END PS8:

LINK:PROC (Al,A2,AA,LN,POS,LPTR,RN) ;
DCL (I,XK,LN,LPTR,PPOS,POS,LAST,CNT, NNUM, NUM, RN) FI XED
BIN(31),
(Al,A2) CHAR(*),
1 AA(%*), *
2 AVECTOR CHAR(™)
PPOS=P0S ;
LPTR=1;
I=POS;
DO VH LE(a1~=A2);
| F SUBSTR(AL,I,1)=8UBSTR(A2,I,1) THEN DO
KK=MOD (PPOS+RN, LN) ;
| F KK>LN THEN KK=KK-LN;
KK=KK-1;
| F KK<1 THEN KK=KK+LN;
| F (I=KK) THEN DQ
| F SUBSTR(A2,I ,1)='1' THEN
AVECTOR(LPTR)=SUBSTR(Al,1,I-1)|]|'0']||
SUBSTR(Al,I+1);
ELSE

AVECTCR LPTR) =sUBSTR Al , 1,I-1)||'1'||
SUBSTR Al ,I+1);
LPTR=LPTR+1;

AVECTCR LPTR) =a1;
LPTR=LPTR+1;
PPOS=I;I=I-1;
END;
END,
ELSE DG
AVECTCR LPTR =SUBSTR(Al,1,I-1)||SUBSTR(A2,l,1) ||
SUBSTR(ALl,I+1);
LPTR=LPTR+1; ~-
CNT=CNT+1;
PPOS=I;
END;
Al=SUBSTR(Al,1,I-1)||SUBSTRA2,l ,1) | |SUBSTR(A1,I+1);
I=MOD(I+1,LN) ;
| F 1=0 THEN I=LN;
END;
POS=PPOS ;
RETURN;
END LI NK;



RRAN:PR(I:CFWTC)¢$ N ;

DCL (1Ic,NOB,NUV,I,J,K) FI XED BIN31) ,
FOUND BIT(1),
(FEX, CHECKR) ENTRY.
RANDCOM ENTRYHZ_FLR\S(HXED BIN31)):

/* NOB=NUMBER CF BI TS .
NUV=NUMBER CF VECTCRS */
I=1;
GET LI ST (NOB,NUV,X) ;
PUT EDIT (NUV,NOB,I,I)
(COL(1),F(4),COL(6),F(3),COL(10),F(1),COL(12),F (1))
BEA N
DCL AA(NUV) CHAR(NOB),
BB(NUV) FI XED B N'31) ;
DO 1=1 TO NuV;
SELECT;
WHEN (MOD (I, 2)=0)DQ
X=X+1I -
X=L0d X) ;
J=X;
X—-X-J, -
—X*lO**(NOB/3+ 5) ;

OTI—ERWSE DO
X=X+1I;
X=L0d X) ;
J=X;
X=X-J;
J=X*10%* (NOB/3+.5) ;
END;
END,
FOUND='1'B;
IC=0;
DO VH LE FOND) ;
J=MoL( J, 2**NOB) ;
FOUND='0'B;
DO K=1 TO 1I-1;
| F BB(K)=F THEN FOUND='1'B;
[* CALL CHECK (FOUND,J,BB,I-1) ;%/
| F FOUND THEN ISQ
X=1.198762*X;
x=cog X :
J=X;X=X=J ;J=X*10** (NOB/3+.9) ;
END,
| F I1¢>2000 THEN DG
PUT LIST('INFINITE LOOP',J,IC,RANDOM(J,I,NOB)):
STOP,
END,



IC=IC+1;

END;
, BB(I)=J;

[* CALL HEX(J,AA(I),NOB);
AA(I)=SUBSTR(AA(I),3)||SUBSTR(AA(I),1,2);
KK=MOD ( (NOB+3)*MD((I-1),3),80) ;
| F 80-KK<NOB+3 THEN KK=0; *
PUT EDIT("" * 2 LAACT) 1Y 110 1) (COL(RRAL), A) | /
KK=MOD(( 11 )*M&x (I-1), 7),80) ;
| F 80-KK<11 THEN KK=0;

PUT EDIT(BB(I),',"') (COL(KK+1),F(10,0),COL(KK+11l),A) ;
END,
END,
END RRAN;

COUNT : PROC (Al,A2,NOB,NOC) ;

DCL (a1,a2) HAR*) , (Noc,NOB,II) Fl XED BIN(31):

NOC=0;

DO 11=1 TO NCB;

EI\IDF SUBSTR(Al,II5 1) -~= SUBSTR(A2,II,1) THEN NOC=NOC+1;
RETURN ; END COUNT;

WEIGHT: PROC(COUNTS, VECTOR, VALUE, VLEFT) ;
DCL (QONTS (*), VALUE, vLEFT,I,L) FIXED BIN31),
(FCOUNT, FLEFT) FI XED DEC(8,3),
VECTCR CHAR(*) ;
| F VLEFT=0 THEN DO, PUT DATA (VLEFT,COUNTS); STOP; END;
L=LENGTH VECTCR) ; VALUE=0;
FLEFT=VLEFT;
DO 1=1 TO L;
FCOUNT=COUNTS(|) ;
| F SUBSTR(VECTOR,I,1)="'1' THEN
ELSIEF (FCOUNT/FLEFT) > .5 THEN VALUE=VALUE+1;
| F (FCOUNT/FLEFT) < .5 THEN VALUE=VALUE+1l; --

END;
END VEI GHT;



HEX:PROC(J,NOB) RETURNS (CHAR(31)):
DCL (I, 3,K,NOB) FI XED BIN(31) :
K=J;

DCL A cHAR(NOB) VARYI NG
A=l ';
DO 1=NOoB-1 TO 0 BY -1;

| F 2%*I <=K THEN DO

K=K=2%*];
A=A||'1';
ELSE

A=A||'0';

| F k~=0 THEN DO,
PUT LI ST ('ERRCR I N HEX") ;
PUT DATA(A,J)
STOPR,

HVAL: PROG A, N RETURNS (FI XED BIN31) ) ;
DCL A*) cHAar(1), (I, J,K,N,suM) Fl XED BIN(31)
SUM=0;
DO 1=0 TO N-1;

| F A(I+1)='1' THEN SUM=SUM+2#*%* (N-1-I);
RETURN SWV
END HVAL;

VCOUNT: PROC (KEY, VECTOR, NOB, CCNT, POS, RN) ;
DCL (KEY, VECTOR) CHAR(*) ,
Al CHAR(1),
YQU FI LE-1 NPUT, -
(LAST,NOB, I,J,KK,JJ,P0OS, PPOS, RN, CENT) FI XED BIN(31);
PPOS=POS; LAST=POS;CCNT=0;
DO 1=0 TO NOB- 1;
JJ=PPOS+I;
| F 33>NoB THEN JJ=JJ-NOB;
KK=JJ~LAST;
| F Kk<0  THEN KK=KK+NOB;
| F SUBSTR(KEY,JJ,1) ~=SUBSTR(VECTOR,JJ,1) THEN DO
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SELECT:;
WHEN (KK<RN) CCNT=CCNT+1;
WHEN (KK<2*RN-1 & KK >=RN) CCNT=CCNT+2;
OTHERW SE DO
CCNT=CCNT+4;
END;
END;
LAST=JJ;
END;
END;
/*DISPLAY ('IN VCOUNT') ;
GET FILE YOU) EDI T(aAl) (COL(1),A(1)):
SELECT (A1) ;
WHEN('S') STOP
WHEN('D') PUT(DATA):;
OTQ RW SE;
END;
RETURN;
END VCOUNT:;
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APPENDI X E

Results wth Actual Test Sets.

The follow ng tables are results of Al gorithnms P1-P8
on actual test sets. Algorithns P1 = P7 are conpared in the

first two tables to two test sets. The first test set has 27

vectors while the second test set has 46 vectors. Algorithm

Pﬁ uf t hen- applied to the Prestored-T Prestored-0 in the
thir

tabl e.

Si ze New Bits _ o
Program of T, ROM SI ZE Saved Savi ngs (%)
Pl 79 316 62 17

P2 95 285 93 25

P3 106 318 60 16

P4 93 279 99 27

P5 101 303 75 20

P6 93 279 99 27

P7 - 94 282 96 -. 26

Table H: A gorithnms P1-p7 applied to an actual Test set,

N=27, n =14



Size Nawv Bits

Program  of T3 ROM SIZE Saved Savings(%)

Pl 124 496 148 23

P2 152 456 188 30

P3 162 486 158 25

P4 162 486 158 25

PS5 148 444 200 32

P6 150 450 194 31

P7 144 432 212 33
Table E2: Algorithms P1-P7 applied to an actual Test set,

N = 46, n = 1l4.

size Size Nav Bits _

of T of Ty ROM SIZE saved Savings(%)

27 53 265 15 6

46 142 710 230 25
Table E3: Algorithms P8 applied to an actual test set and

valid output, N = 46, n = 20.
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