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FAUST USER'S GUIDE

This is a user's guide to program FAUST of the DIALATOR

(A system programmer's guide explaining internal workings

of the program appears later.) This guide is laid out as follows:

SECTION
SECTION
SECTION
SECTION

SLECTION

SECTION

SECTION

SECTION

SECTION

1)
2)
3)
4)

5)

6)

7)

8)

9)

explains how faults of a circuit are defined.
explains how failed circuit behaviour 1is displayed.
explains how faults of a circuit are diagnosad.
explains the FAUST control card.

explains the FAUST instruction keywords and their
usage.

explains how selected faults are defined.

explains the control cards needed to make a FAUST
run on a system 360 computer under 05/360.

contains a few examples of FAUST ruuas.

lists the FAUST error messages.

SECTION 1) Definition of circuit faults

user's manual,

X1

Let us take a second look at CIRCUITL, used in the TRAIZL

A2

—— ___.._' N1 S

- P
)‘“ )

CIRCUITI

DIAGRAM 1



Suppose Al is faulty. The reason could be any of
(a) the output of Al is stuck at one,
(b) the output of Al is stuck at zero,
(c) the wire from X1 to Al has opened up,
(d) the wire from X2 to Al has opened up.

Just as in TRAIZE, where we described complete circuits by
giving lead names, their functions, and their input references, we can
now describe all single faults of a circuit by giving all single faults
possible at the particular lead, plus all single faults possible between
this lead and its input references. The former type of fault is called
a basic fault; the latter is called an input fault.

For CIRCUIT1 a list of all single faults would be:

1 fault free circuit.

2 Al output stuck at zero.

3 Al output stuck at one.

4 Al open input diode from Xl1.
5 Al open input diode from X2.
6 N1 output stuck. at zero.

7 N1 output stuck at one.

8 N1 open input diode from XI.
9 N1 open input diode from X2.
10 A2 output stuck at zero.

11 A2 output stuck at one.
12 A2 open input diode from XI.
13 A2 open input diode from Al.
14 D1 output stuck at zero.

15 01 output stuck at one.

16 1 open input diode from Al.
17 Ml open input diode from NI.



One other basic fault, not applicable here, can occur in
circuits with feedback loops. (i.e. the circuit may have an open
feedback diode).

Notice that X1 énd X2 haGe no associated faults. The reason
for this is that the values at X1 and X2 are independent of CIRCUITI.

For simplicity, we will discuss at this time circuits with
single faults only. The handling of multiple faults is discussed in

Section 6 of this manual.

Section 2) Failed circuit displays

In distinguishing failed circuits from each other and from
the good circuit, it is important to see the outputs of the circuit
under each fault conditionm.

For CIRCUITI we could accomplish this as follows, (suppose

the inputs are X1 = 0 and X2 = 0);

1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17

output | A2 0O 0000O0OUO0OOO 0 1 06 0 0 0 0 0
leads [ 111110111 1 1 1 1 0 1 1 0
DIAGRAM 2

Along the top of the table are listed the numbers of the
particular faults. The first column is reserved for no faults. For each
particular fault we write down the output, below the fault number, at
A2 and fHl. You should check some of these values to verify that they arc

valid.



A more complete picture, of the action in CIRCUIT1 under the
17 different conditions, can be obtained by listing all the leads rather
than just the outputs. Let the inputs be X1 = 1 awd X2 = 0, then the

table display would be as follows:

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
x1 111111111 1 1 1 1 1 1 1 1
X2 00 00O0O0O0O0O0 0 0 0 6 0 0 0 0
Al 00 1000000 0 0 O 0 O O 0 0
N 1 11110111 1 1 1 1 1 1 1 1
A2 0 0100000O0 0 1 0 0 0 0 06 0

g1 1 1.1 1 1 0 1 11 1 1 1 1 0 1 1 0

DIAGRAM 3

Diagram 3 gives us the value of every circuit signal under
every possible single fault. Thus it tells us everything that we could
possibly ask about the behaviour of CIRCUITL (under single faults).

The above diagramg ( 2 & 3) are known as SLVBS tables, meaning
lead value bit string tables. Now that we have seen a way of displaying
single faults of a circuit, we exﬁlain how you get FAUST to create such
displays.

We need instructions to manipulate thé primary inputs of the
circuit. 1In diagram 3 we wanted X1 to be one. 1In FTAUST SET Xl does this.
To set X2 to zero FAUST uses RESET X2. Another valuable ianstruction is

FLIP. This command changes the values on all specified leads. For example,



1f X1 and X2 are as in diagram 3 then FLIP X1, X2 changes X1 to zero and
X2 to one.

We need an instruction to activate the simulation routine; RUN
does this.

We also need instructions to show the S1.VBS. Since it is
important that we see the $LVBS after each run perhaps the instruction
should be automatic% Even though an automatic showing after each run
is good, we may wish to vary the amount of the $SLVBS to be shown. To do
this FAUST provides the instructions TRACE and UNTRACE. Suppose we are
presently following the action of leads A2 and fl. If we say TRACE X1,
X2, Al, N1, then the next display would be similar to diagram 3. The TRACE
instruction, then, adds the sgpecified ieads to the list to be shown. If
we followed the above statement with UNTRACE X1,>X2, Al, N1 we would be
back to a display similar to diagraﬁ 2, The UNTRACE instruction removes
the specified leads from the list to be shown. There is ﬁeed also, for
an instruction to display the $LVBS at times other than after a run. SHOW

accomplishes this.

Section 3) Diagnosis of faults

We can now use the $LVBS table displays of SECTION 2, to help
distinguish the faults of CIRCUIT1. When the inputs X! and X2 of CIRCUITI
are both zero, the faults can be divided into 3 groups. The {irst group

of faulets 2,3,4,5,7,8,9,10,12,13,15 and 16 are associated with outputs

A2 = 0 and P1 = 1; the second group of faults &, 14 and |7 with outputs
A2 = 0 and Pl = 0, the third group of faults 10 with outputs AZ = 1 and
Pl = 1. There is no group associated with outputs A2 = 1, @1 = 0. The

* excep’ for large circuits, where the amourt of outpu: would be huge.
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third group is interesting since it‘contains only one fault. In effect,
we have isolated fault 11; that is if X1 = 0 and X2 = 0 causes AZ = 1
and Pl = 1 we know the circuit has fault 10.
The application of input strings, rather than single inputs,

would increase diagnosing ability. Suppose we give commnandg:

RESET X1, X2;

TRACE A2, P1;

RUN ;
We will produce diagram 2 of Section 2). 1In the paragraph above we

divided the faults, for this case; into the following groups:

i*****:‘c*i *****7‘?**3: *fn’c:‘:a’n‘cv‘c’.’:ﬁ
forour 13  %GRoUP 2% forour o
FOUTPUT FOUTPUT 0UTPUT %
X A2=0 % ¥ A2=0 % ¥ A2=1 %
% p1=0 } ¥ pl=1 % X pl=l %
Kdhhkkkhk Kk kdokkkkk Jokdk Kk dodk ko
|11 |1 ' RE
il Il il
T R I
Associated 6 . 2,3 11
Faults 14 4,5
17 7,8
9,10
12,13
15,16

DIAGRAM 4



SET X1;

Suppose now we dictate:

TRACE X1,X2,Al,N1;

RUN;

We will get diagram 3 of SECTION 2.

Look at DIAGRAM 3, keeping in mind the above groups.

The

outputs of the elements of group 1 are all (0,0), therefore no further

distinction is accomplished.

In group 2, fault 3

has output (1,1)

which is different from the remainder of outputs for that group. A

picture of our efforts is given by the following tree diagram.

LEVEL O
no inputs
1 group

LEVEL 1

first input

(0,0)
3 groups

LEVEL 2

second input

1,0
3 groups

SUBSETS
OF FAULTS

Thkhkkhihk

i******** i*******
XGROUP 1% ¥GROUP 2
L LU i —— AL L
L £ A2=0
* p1=0 * 3 P1=1
Rk khkkhkk khkkhdki
***Lll**k hhkkkdhk Ili
X * X 0% '
2GROUP li gGROUP x 1]
i()UTPUT i xOUTPUT ﬁ:::::::::
; A2=0 : X A2=0 Feommemeoe
¥ p1=0 % * pl=1 *
kkhkdhkhkkk *hhkkdklhk
|
6 2,4
14 5,7
17 8,9
10,12
13,15

16

*
*
*
*

*

kkddkh Xk
* *
A*GROUT 3%
§OU7PU1 f
*A2 =1 %
fpi- i
kRxShkdhd

1

P
P

3

Kk kkrddkdi
ES ] *
XCROUP 3%
;’;OU'N’U'I’ ;

£ A2=1 %

£ P1=1
Kk kkfhkdn

i
n
|1
L

R

DIAGRAM 5
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Using the above diagram we can now isolate fault 3. That
is, if we apply inputs
(0,0)
followed by (1,0);
and if we observe the output patterns
(A2,01) = (0,1)
followed by (1,1)
then fault 3 and only fault 3 must be present.

Now we will look at some simple instructions for manipulating
the diagnostic tree. Each time we wish to observe the output of a test
we will say SORT. This instruction will sort the members of the present
gfoups according to output and add a new level to the diagnostic tree.
Now that a sort is not always done after each run.

Thus we can simulate‘a tgst setup wherein we apply several
test inputs between obversations of the circuit's outputs. |

To print the tree we use the instruction TREE.

If we wish to save the tree and the $LVBS in the file, we say,
SAVE followed by the name it is to be saved under, and, to retrieve it
from the file we use, BACKUP followed by the proper name. We can use the
back up feature to try out tests and forget them if they do not produce
good results.

Here is a sample set of statements which will make a FAUST run

for CIRCUITI.



-9 -

%SAMP1:  SIMULATE CIRCUIT=CIRCUIT1,DISP=NO,FAULTS=ALL;
SORT;
ACTIVATE ALL;
TRACE ALL;
RUN FAULTS=NO; SHOW ALL;
RESET X1,X2; RUN; SORT;
SET X1; RUN; SORT;
SAVE RECNAME=TEST;
FLIP X1,X2; RUN; SORT;
TREE; :
END;
DIAGRAM 6

The run would go as follows:

First, the FAUST control card is read. The following output

results:
CPU TIME= 260,400.000, TOTAL CPU TIME= -0.000 MILLISECONDS.
%SAMP1: SIMULATE CIRCUIT=CIRCUIT1,DISP=NO,FAULTS=ALL; 0454000080 URLTE.
CPU TIME= 139.991, TOTAL CPU TIME= 0139.991 MILLISECONDS. :

==LCTD==CIRCUIT NAME: CIRCUIT1, OPTIONS: 0000

FAULTS OPTION: ALL
==FDIR==0LD DIRECTORY FETCHED.

===== CIRCUIT1 CIRCUIT RECORDS =====

CIRCUIT NODE NO.79

$CIDS NODE NO.71 86 BYTES,STARTING REGION NO.12 WORD NO.525
$LDSC NODE NO.78 168 BYTES,STARTING REGION NO.12 WORD NO.547
$FMCS NODE NO.84 132 BYTES,STARTING REGION NO.12 WORD NO.450
$SYMTA NODE NO.81 56 BYTES,STARTING REGION NO.12 WORD NO.492
SREFS NODE NO.82 75 BYTES,STARTING REGION NO. O WORD NO. 20
$TERM NOT FOUND. .

===== STRUCTURES LOCATIONS =====

STRUCTURE:SCiDS OF NODE NO.71,FETCHED 86 BYTES,STARTING REGION NO.12 WORD NO.5HZ5
STRUCTURE: SLLSC  OF NODE NO.78,FETCHED 1685 BYTES,STARTING REGION NG.12 WORD NO.547
STRUCTURL:$FMCS  OF NODE NO.84,FETCHED 132 BYTES,STARTING REGION NO.12 WOrDL NO.450
STRUCTURE: $§SYMLA OF NODE NG.81,FETCHED 124 BYTES,STARTING REGION NO.1!2 WORD NO.492
STRUCTURE:$REFS  OF NODE NO.82,FETCHED 56 BYTES,STARTING REGION NO.12 WORD NO. 589
STRUCTURE:$SUCS OF NODE NO.83,FETCHED 75 BYTES,STARTING REGTON NG. 0 WORD NO. 20
EV='01111110"'8B R= 126

==FETCH==$COP'T

STRUCTURE: SCOPT  OF NODE NO.60,FETCHED 2610BYTES,STARTING REGION NO. 0 WORD NO.114%
==FETCH==FAUST.SOPTAB

STRUCTURE:SOPTAB OF NODE NO.35,FETCHED 324 BYTES,STARTING RETGION NO.LIO WORD NO.4OE
CPU TIME= 1,361.579, TOTAL CPU TIME= 1,501.570 MILLISECHHDS.
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After each FAUST statement the amount of C.P.U. time required
is tabulated, plus, the total amount of CPU time used since the beginning
of execution is given. The firét line of output indicates that the CPU
timer has been initialized properly.

The source statements of the FAUST deck listed above appear
in the output with an eight digit number which is immediately followed
by 'SOURCE.'. |

The FAUST control card causes a variable number of actions to
take place ‘deperiding on the parameters used.

In this example the name 'CIRCUITL' along with the names of
its associated structures are fetched from the file directory into core.
Next, for those names which have associated storage, their structures
are fetched from the record file into core. Notice that with these
strcuture names a number of bytés, a starting region, and a starting
word are given, also for all structure names a node number is given. The
usefulness of this information and an explanation of how the file system
works is found in the FILE SYSTEM USER'S GUIDE.

Next the circuit operators table, $COPT, along with the FAUST
cperator's table, FAUST.S$OPTAB, are fetched from the file into core.
Similar information about them is given as was given for the other
structures,

At this point all the necessary tables for CIRCUIT! and

for FAUST instructions are in core.
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The following output is a result of the FAUST instructions.

===== FAUST STATEMENTS =====
= DIAGNOSTIC TREE INITIALIZED.
CPU TIME= 14.165, TOTAL CPU TIME=  1,515.735 MILLISECONDS.
0>
CPU TIME= 2.499, TOTAL CPU TIME= 1,518.234 MILLISECONDS.
SORT; 04 55000050URCE,
1>
CPU TIME= 113.326, TOTAL CPU TIME= 1,631.560 MILLISECONDS.,
ACTIVATE ALL; 04560000S0URCE.
2>
CPU TIME= 101.660, TOTAL CPU TIME= -~ 1,733.220 MILLISECONDS.
TRACE ALL; ~ 04 57000050URCY.
3>
CPU TIME= 68.328, TOTAL CPU TIME= 1,801.548 MILLISECONDS.
Since the instruction INITREE, was not used the diagnostic
tree was initialized automatically.
The instruction SORT; creates the a first level of the tree.
A glance at the tree below will show that this sort gives 07 diagnostic
resolution.
The instruction ACTIVATE ALL; sets activity bits df all leads
on. Unless the user is very familiar with the behaviour of circuit
models- ; he should use this instruction always.
The instruction TRACE ALL; indicates that after each run we
wish to see the $LVBS for all leads of the circuit.
The next two instructiors give the following inpui,
RUN FAULTS=NG; SHCW ALL; 0458000050URCE .
PROPOCATION:: 1, 2, 3, &4, 5, 6,

==DIMUY== DONI.
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144.990, TOTAL CPU TIME= 1,946.538 MILLISECONDS.

78.328, TOTAL CPU TIME= 2,024,866 MILLISECONDS.

The instruction RUN FAULTS=NO; causes the SLVBS table to be

1
NO. NAME @ 012345678901234567
-4 000000000000000000
-3 000000000000000000
-2 000000000000000000
-] 0000000000600000000
0 111111111111111111
1 X1 0 000000000000000000
2 X2 0 000000000000000000
3 Al 0 000000000000000000
4 N1 0 111111111111111111
5 A2 0 000000000000000000
6 1 0 111111111111111111
4>
CPU TIME=
1
NO. NAME @ 012345678901234567
-4 000000000000000000
-3 000000000000000000
-2 000000000000000000
-1 000000000000000000
0 1111111111111111311
1X1 0 000000000000000000
2 X2 0 000000000000000000
3 A1 0 000000000000000000
4 N1 0 111111111111111111
5 A2 0 000000000000000000
6 P1 0 111111111111111111
5>
CPU TIME=
printed.

The 'PRCPOGATION' statement indicates which leads have

undergone any changes since the last run, since this. is the first run

all six lead numbers are printed. The $LVBS is simlar to the one

described in SECTION 2) except for the following additions:

There is one column for the activity bit vector

headed by @.

There is un extra column in the table headed by

the number zero.
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This is a buffer column and can be ignored by the user.
There are five rows aSove the lead names. Ihese'rows
are used for workspace and they are printed only to aid
debugging.
They should be ignored by the user also.
The next instruction SHOW ALL; displays the $LVBS. Since nothing has
been done since the last showing it is the same. Therefore this
statement is redundant. |

The next three instructions give the following output.

RESET X1,X2; RUN; . SORT; 04590000SOURCH..
6> ‘
CPU TIME= 70.828, TOTAL CPU TIME=  2,095.694 MILLISECONDS.
PROPOGATION: 3, 4, 5, 6,

==DIMUY== DONE.

1
NO. NAME @ 012345678901234567
-4 000000G00000000000
-3 -000000000000000000
-2 000000000000000000
-1 000000000000000000
0 11111310112311110111
1 X1 0 000000000000000000
2 X2 0 000000000000000000
3 AL 0 0001000600000000000
4 N1 0 111111011111111111
5 A2 0 000000000001000000
6 Pl 0 1111110.1111110111
7~
CPL TIME= 79.964, TOTAL CPU TIME= 2,175.688 MILLISECONDS.
8>

CPU TIME= 49.996, TOTAL CPU TIME= 2,225.684 MILLISECONDS.
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The FAUST language.allows more than one statement per line.
In order that the CPU time can be given for each statement the number
of a statement is printed immediately before the CPU time for that
statement.

The $LVBS here is the same as was described earlier for
inputs (X1,X2) = (0,0). The sort statement adds another level to the
tree. See LEVEL 1 of the tree below.

The next card causes this output.

SET X1; RUN; SORT; 04600000SGURCE

9> :
CPU TIME= 88.327, TOTAL CPU TIME= 2,314.011 MILLISECONDS.
PROPOGATION: 3, 4, 5, 6,
==DIMUY== DONE. ‘
1
NO. NAME @ 012345678901234567
-4 000000000000000000
-3 000000000000000000
-2 000000000000000000
-1 000000000000000000
0 111111011011110111
1 X1 0 1111111111311111311
2 X2 0 000000000000000000
3 Al 0 000101000000000000
4 N1 0 111111011011111111
5 A2 0 000101000001010000
6 91 0 111111011011110111
10>
CPrU TIME= 79.161, TOTAL CPU TIME= 2,393.172 MILLISECONDS.
11>
CPU TIME= 56.663, TOTAL CPU TIME= 2,449,835 MILLISECONDS.
These three instructions perform the same actions as the
previous three. Now, however, lead X1 is set to one. For results sce

LEVEL 2 of the tree below,
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The output for the next statement is:

SAVE RECNAME=TEST: , ' 046100005 0URCYE.

==5TORE==CIRCUIT1.TEST.SLVBS

STRUCTURE: $LVBS OF NODE NO.87,STORED 74 BYTES,STARTING REGION NO.12 WORD NO.617

==STORE==CIRCUIT1.TEST.S$DIATR

STRUCTURE: $DIATR OF NODE NO.88,STORED 347 BYTES,STARTING REGION NO.12 WORD NO.(YY
12>

CPU TIME= 176.655, TOTAL CPU TIME= 2,626.490 MILLISECONDS.

At this point we wish to save the results under the recname TEST.
Both the $LVBS table and the diagnostic tree are saved under the
names TEST.$LVBS and TEST.$DIATR. File information is gliven about
these structures as well. If during some future run we wish to
start testing again at this point we say.
BACKUP RECNAME=TESf;

that is, of course, if we are still dealing with CIRCUITI.

Instructions 13, 14 and 15 given output similar to instructions

9, 10 and 11. The values of Xl and X2 are changed.

FLIP X1,X2; RUN;  SORT; " 04620000SOURCE.
13> .
CPU TIME= 94.160, TOTAL CPU TIME=  2,720.650 MILLISECONDS.
PROPOGATION: 3, 4, 5, 6,

==DIMUY== DONE.

1
NO. NAME @ 212345678901234547

-4 000000000000000000
-3 G:00000000000000000
-2 000000000000000000
-1 060000000G00000000
0 111111010111110111
1 X1 0 000000000000000000
2 X2 0 1111111111311111111
3 Al 0 000110000000000000
4 N1 0 111111010111111111
5 A2 0 000000000001000000

6 9l 0 711111010111110111



L4>

CPU T'IME=
15>

CPU TIME=

79.994, TO

51.663, TO

- 16

TAL CPU TIME=

TAL CPU TIME=

which should have 4 levels (4 sort statements).

2,800.644 MILLISECONDS.

2,852.307 MILLISECONDS.

The next instruction TREE; will print out the entire tree

TRE
CPU TIME=
==TREE==
FP=
LEVEL#
LEVEL#
LEVEL#
LEVEL#

w N = O

RESOLUTI

LEVEL# O
0.0%DIA.
0.0%DTC.

LEVEL# 1
66.67%DIA.
17.67%DTC.

LEVEL# 2
33.3%DIA.
28.57DTC.

LEVEL# 3
I1.17ZDIA.
10.0%ZDTC.

MACHINE#
OVER ALL

31.2/DIA.
50.07pn1IC.

16>

E;
82.494, TOTAL CPU TIME=
F.= 0 HS= O LL= 4
18 HP= 0
: 1 NODES, 1 SUBSETS.
3 NODES, 1 SUBSETS.
4 NODES, 2 SUBSETS.
4 NODES, 3 SUBSETS.
===== THE
ONS:
kkkkk
*001%*
* () %
kkkkk
!
kkkkk |
*Q0L*~—m e
K D Ko
Fkkkkk
kkhkk ll*** sk Jede
*Q01*-————— *002%~--%003*
% D Ko * 3 ke (Q %
kkdekk hkkdkk kkkkk
****if kkkkik *lll*
*Q01*%—-*002% *003%
* ) keak Q kK Kk 2 %
sk kkk kkkkk Khkkx
T
ok # 8# # 3 # 9
23 # 5¢#
# 4 # 134
# 74
# 10#

2,934.801 MILLISECONDS.

LP= 19;

*kkkk kekk Kk
*002%—-*003%
%k 3 ke—k ( *
kdkkk kkdkk

1

kFekkhk
*Q04%
x (Q *
Kkdkk

Kkxkk%k
*004*
* O *
* kKX
H
# 11# 6
# 144

The output is as follows,

04630000SCURCH .
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CPU TTME= 236.651, TOTAL CPU TIME=  3,171.452 MILLISECONDS.

END; 04640000S0OURCE .

The first part of the output lists the parameters given
by the user, by default in this example. This is followed by a list
of levels,their number of nodes, and the number of subsets at each
level. To the left of the tree an indication is given as to the
diagnostic resolution (DIA) and the detection resolution (DTC)

(i.e. how many faulty machines‘have been distinguished from the good
machine). 1In this example we have completely isolated 3 machines
out of 17.

On each level of the tree the nodes are numbered from left
to right. The topApumber in each node indicates the position of the node
on its level. We can identify any node of the tree by giving this
node number and the proper level number.

The lower number in each node indicates the output pattern of
the faulty circuits associated with that node. This decimal number when
changed to its binary equivalent indicates the output of OUTPUT#1,
OUTPUT#2,...- in that order.

There is no confusion as to which output is number one etc.
The ordering is assigned previously by TRAIZE (see SECTION 8), example 1).
Since C[RCU[TI has only 2 outputs the lower aumber can be one of ©,1.7.
or 3.

The faiied circuits aggociated with a node arec all those

included in the subtree formed with the particular node as root.
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The next output is a listing of the file directory tree and

will be discussed in the file system's USER'S GUIDE.

snne= DIRECTORY LISTING sswx=

98 AVAIL POUINTER.
40 REGIONS USED
24 STRUCTURES RECOUNLZEDS
141 NODES IN THE DIRECTORY,
141 DESIRED NO. OF NOUES. .
22 KEY-WORDS RECOGNIZED.
700312 OATE OF LAST CHANGE.

numsa DIALATOR KFY~WORES TABLE ewsax

NO, XEY-WORD INDEX
1 ¢
2 0
3 n
'S [4)
5 &
'y n
T [y}
[ o}
9 sClOs 2

10 scoPY 1
Il SCTYRES 0
12 $DIATR 11
13 S$FMCS “
14 $LDSC 3
15 $LVBS 13
16 3UPTAB 14
17  SREFS 6
18 $SFMC 9
19 sSuCs T
20 sSYMIA 5
21 $TEDS 12
22 STERM 8

smxaz THE DIRECTORY TREE ==asa

ERBRSE FRR SRR BRI ARG R NN

eND. REC_NAME size

* 578 SRG IYP SIS DAye

PTI I IR Y YT Y ]

* 0 REC_FILE ne

S T S A N L

AEASEOEUB RS RELE P RSN DARRAEISENOERRNESROOSE
* 1 HEADFREE (1
* -1 -1 0 g8, 1w
CARAERRNZENNEENIERREN S
* 88 (L FREE., 273e
* 78 12 0 87 ~fe
ERPNBANARSENIB LS REE NS
® 87 Lo FREE.. T4e
* 612 12 O 89 =is
SANRERECERROIDFOEREE NS
# 89 ..FREE., 113e
“ 218 12 9 77T ~-le
PEEEENEBRUNDRES SN REODG
7T L FREE., 3
» 699 12 0 85 -le
PRERSBE GRS ERTEABENOS
o 8% ., FREE.. 1Y)
" g8z 11 0 8D ~i%
CRBATRERNLRETRASPODOON
* 80 FREE,. 3T
" 503 12 0 T0 -le
CERIARINLOEREGBROCDEEAN
IR L FREE.. 11
© 39 4 0 ts -1
SREGEVAIZI SR ARG RO BONS
T8 L FREE.. .
823 12 0 735 -)s
SAPNERBUAGEREEGERININEE
T3 (o EREE., 150
* 84 10 O Te «ie
PSR EEASEROINOORINNNGD
® 74 . FREE,. sa
" 730 10 0 I3 -1
COSRPIPOARGBEGESBGNIGE
* T3 L FRER,, 1240
303 10 0 T2 ~1®
PRGSGHAP IV I ANRERD O
® T2 JoFREE.. E Y]
483 12 0 371 ~i®
EPEOGBPNEBEAOIGEBHOENS
* 87 L FREBE.. 290
“ 402 10 0 %6 ~1®
(ALI I T I TIIT T L)
* 58 L FREE,, 200
« 746 10 0 58 -ls
PERPRANPIVIHLIGONESREI S
o 55 L FREE., 6se
* 691 10 O 28 ~ie
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SECTION 4) FAUST control card

The basic rules for writing the FAUST control card are the
same as for the TRAIZE control card. (See TRAIZE user's guide.)
Referring to diagram 6 of SECTION 3): a '%' sign must appear in column
one, followed by a runname, followed by a keyword (SIMULATE instead of
TRAIZE), followed by a circuit name which must be known, followed by
parameters.

The DISP parameter explains disposition of the run resu]ts?l
DISP can have four values. If we wish to save these results unconditionaiLy,

we put DISP YES. 1If we do not wish to save the run resulte in the file

!

we put DISP = NO. If we wish to create new entries in the file directory
for the run results we put DISP = NEW. 1If we wish to overwrite already
existing records of run results with the same name we put DISP = OLD,

The FAULTS parameter explains the fault option desired; FAULTS
can have four values. If we wish to simulate all single faults of a

ALL. 1If we wish to simulate the circuit with no

circuit we put FAULTS

faults, we put FAULTS NO. If we wish to simulate the circuit with

selected faults which do not exist in the DIALATOR file for that circuit
(i.e. we have not made a previous run with these same selected faults
of the circuit and stored them), we put FAULTS = GET. Note, when this
value of the parameter is specified statements defining the selected
faults must follow the control card. * If we wish to simulate the
circuit with selected faults previously run and stored in Che DIALATOR

file, we put FAULTS = name, where name is the runname of the previous

* These statements are described in SECTION 6)

* ' rin results ', meaning the diagnostic tree and the SLVBS.
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run referred to above. Tor instance the control card:

% SAMP17: SIMULATE CIRCUIT=CIRCUIT1,FAULTS=SAMP2;
refers to a previous runname SAMP2, under which some selected faults,
now desired, are stored in the DIALATOR file.

The list parameter explains that we do or do not want the
description of the specified circuit printed. If we wish to have the
circuit description printed, we put LIST = YES, if we do not, we put
LIST = NO.

The default values of DISP, FAULTS and LIST are NO.

SECTION 5) FAUST Statements

All FAUST statements must begin with an instruction word.
Some instruction words have qualifiers following. All statements must
end with a semicolon. Diagramatically statements are of the fofm:

instruction word [qualifiers];

The following 1s a list of vaiid instruction words for
FAUST statements, presently.

== FAUST OPTAB ==
ACTIVATE
BACKUP
DEACTIVATE
END
FLIP
IN1FAULT
INITREE
RESET
RUN
SAVE
SET
SHOW
SORT
TRACE
TREE

UNTRACE DIAGRAM 7
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Rules for FAUST qualifiers

1) A lead name can be any valid name (maximum of 6 characters)
referring to a known lead.
2) A lead number can be any valid lead number and must be preceded
immediately by a '#' symbcl.
3) A lead list can be the word
a) ALL meaning all leads.
or b) INPUTS meaning all primary inputs.
or c) OUTPUTS meaning all primary outputs.

or d) FBKS meaning all feedbacks.

or e) a lead name

or f) a lead number

or g) any combination of‘b), c), d), e), f), separated by
commas.

4) A faulty machine number can be any number referring to a valid

fault number.

5) A list of faulty machines can be

a) a faulty machine number
or b)> a faulty machine number followed by 'T0" followed by
a larger faulty machine number
or c) any combination of (a) and (b)
NOTE: Any list of faulty machines must be caclosed in round bearke! s
e.g. (1, 3‘TO 5, 12, 14) 1s valid |
NOTE: Any words not separated by a delimiter must have at least one

blank between them.
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Description of FAUST statements with the instruction word

1) SET
This instruction sets the value of specified leads to ome.
Format of this statement type is as follows:
a) SET followed by
b) a list of faulty machines followed by *
c) a list of leads followed by

d) tThe keyword ACTIiVE or UNACTIVE followed by

e)

The lisﬁ of faulty machihe options would be of value if
we had wished to set the specified leads only for particular faults.
If this phrase is omitted the specified leads will be set for all
faults. The keywords ACTIVE and UNACTIVE allow the user to manipulate

the activity bits ** of the successors. The default is ACTIVE. This

option will not be fully described in this manual.

2) RESET
This instruction sets the value c¢f any specified leads to one.

Format of this statement is the same as for SET.

3) FLIP
This instruction changes the values of specified leads from cnc
to zero or from zero tn one. Format of this statement is the same as

for SET.

* all rhrases in this script signify optional qualifievs.

*% activity bits are discussed in the FAUST programmer's guide.



4)_ TRACE
This instruction adds the specified ieads to the list of
leads to be included in the $LVBS displays. Format of this statement
is as follows:
a) TRACE followed by
b) lead list followed by
c) 3
TRACE followed by no list reactivates the tracing routine,
(this is used after a blank UNTRACE statement has been used).
5) TUNTRACE
This instruction removes the specified leads from the list
of leads to be included in the $LVBS displays. Format of this state-

ment is the same as for TRACE.

6) SHOW
This instruction displays the $LVBS including the specified
leads. Format of this statement is the same as for TRACE except b)

is not optional.

7) SAVE
This instruction saves the diagnostic tree and the SLVBS
table. These data structures are stored under the fully qualified

names: CIRCUITNAME.RECNAME. SLV: & where CIRCUITNAME is
and CIRCUITNAME.RECNAME. $SDIATR :

the circuit name as specified ou the control card and RECNAME is the
record name specified by the RECNAME= option of the SAVL statement.
Format of this statement is as follows:

a) SAVE followed by
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b) RECNAME='recname' fol lowed by
c)
If the RECNAME= option is omitted $CTRES.runname is used where the

runname from the control card is used.

8) BACKUP
This instruction retrieves the diagnostic tree and $LVBS
under the fully qualified names used in the SAVE instruction. Format

of this statement is the same as for SAVE.

9) RUN

This instruction activates the simulation routine to update
the $LVBS display. Format of this statement is as follows:

a) RUN followed by

b) FAULTS=NO or FAULTS=ALL followed by

c) ',' when b) ana d) are used followed by

d) MAXIT= maxit foilowed by

e)

The FAULTS option can be used to specify simulation runs with
a different set of faulty machines, in its absence FAULTS option of the
control card is used. The MAXIT option specifies the maximum number
of iterations through the feedback nodes during the simulation. The

default value for MAXIT 1is §.

10) SORT
This instruction looks at the output and sorts the faultv

machines within a group according to their output thus creating a
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new level on the diagnostic tree. Format of this statement is as follows:

a) TREE followed by

b) FIRST= fl followed by

c) ',' when b) and d) are used followed by

d) ROOT= hs followed by

e) ',' when d) and f) are used followed by

f) LAST= Il followed by |

g)

If all the paramgtefs are left out the entire tree is printed.
FIRST option: f£f1 is the firsf level to be printed.
ROOT option: if hs is greater than zero the hs subset on the fl
level is used as the root of the printed tree, namely the tree is
printed only from that node down. If hs is zero(default value) then
the complete f1 level is printed as the first level of the printed
tree.
LAST option: 11 is the last level of the treé to be printed( if
omitted the whole remainder of the tree is printed).

Suppose we have a tree of the following form:

LEVEL 0 1
— S H L
LEVEL 1 1 --—-_.—“2 f“"t‘h ..... 3 ___-,_,.__.{4 ]
T LN il I
-.LLL JU— ‘ jidl . | S——
LEVEL 2 1 2 }--—-Ul— 3 b ¢ % 5 r—«‘ 6 l | 7 ilq 8 "
A T T i T T

:l TR . W NS 1 F S
LEvEL 3 | 1 2} 3Hz«. L_s EJ(ELH/ l ‘ BH‘) Hmi

DIAGRAM 8§
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If we put TREE FIRST=2,LAST=3;

the entire second and third levels will be printed. 1If we put

TREE ROOT=1;

the entire tree will be printed. If we put

TREE FIRST=2,R00T=5;

the folliowing will be printed.

LEVEL 2

LEVEL 3

'
1t —
6b—-ﬂ7

DIAGRAM 9

12) INITREE

This instruction can be used to initialize the diaguostic

tree in core. This statement need not appear at the beginning of

FAUST statements since the tree will be initialized automatically.

Format of this statement 1s as follows:

a) INITREE followed by
b) UB= upper bouna on the tree followed by
c)

The option b) 1s present so the programmer can control the

amount of core taken by the tree. The default [or Ub is threo times

the number of faulty machines., If the INITREE statement is used af ter

the first FAUST statement, the current version of the diagrostic troe

in core is deleted and a new data structure is allocated with appro-

priate upper bound. This instruction combined with SAVFE and BACKUP

facilitate the creation of several diagnostic trees for the same
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circuit at the same run.

13) INIFAULT
Thié instruction causes the $LVBS table to be initialized
with the stuck at one and stuck at zero faults. Format of this state-
ment is as follows:
a) INIFAULT followed by

b)

14) ACTIVATE

and 15) DEACTIVATE
These instructions allow the user to manipulate the activity
bits* and thus change the model for which this program js designed.
Therefore the user must do so with care., For normal circuit runs the
user should put near the beginning of his FAUST statements
ACTIVATE ALL;
The uses of these instructions will not be described further in this
manual. Format of these instructions is as follows:
a) ACTIVATE or DEACTIVATE followed by
b) lead list followed by

c)

* activity bits are discussed in the FAUST programmer's guide.
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SECTION 6) Selected faults definition statements

The purpose of the facility to creéte a set of selected
faults for a circuit, as opposed to all single faults, is twofold.
First, if we are not interested in all faults the option will save
space and time on the computer, and second; the option has the
capability of creating multiple faults.

Each statemenﬁ.defines a set of faults to be associated with
a specified lead. Format of the statements are as follows.

a) lead name followed by

b) ALL

or c) s@i

or d) s@0

or e) OFD

or f) any combination of (c), (d), (e) followed by
g) / ALL

or h) / selected list of input references followed by
i)

If all the optional phrases are missing, all faults for the specified
lead are assumed. The '/' sign is to separate the basic faults from the
input faults.

Multiple faults

If we wish to associate more than one fault with same

faulty machine we can do so using the "+' sign. For example, suppovsc we
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wish to consider the fault, Al is stuck at one and A2 has an open
input diode from X1. We would describe this fault as follows:
Al s @ 1;+ A2/ X1;
The plus sign will combine the faults of first statement with that
of the second. In general, as long as each statement specifies only
one fault, the plus sign will combine into one fault,.the faults of all
of the statements with the statement immediately preceding‘them. In the
case that more than one fault is speéified per lead the first fault of
a statement with a plus sign is combined with the last fault of the
statement ahead.
Consider the following fault descriptions for CIRCUITL.
e.g. 1. Al s @1, s @0; +NL. s @1, s @ 0/X1,X2;
+ A2 s @ 0/X1,A1;
The selected faults list would be
1. Al s @ 1.
2. A1l s @0 and N1 s @ 1.
3. N1 s @O. |
4. N1 open input diode from X1.
5. N1 open input diode from X2 and A2 s @ O.
6. A2 open input diode from X1 .

7. A2 open input diode from A2.

e.g. 2. Al s @1; +Nls @1, s @0/X1,X2;

A2 s @ 0/X1 ;



- 31 -

The selected faults list would be

1.

2.

e.g.

3.

Al

N1

N1

N1

A2

A2

Al

s @1and N1 s @ 1.

s @ 0.

open input diode from X1.

open input diode from X2.
s @ 0.

open input diode from X1.

s @1; +Nls@1; +A2s@1; +Pl s @ 0;

The selected faults list would be

1.

At the end of any selected faults list the keyword END, followed

Al

s @1 and N1 s @1 and A2 s @1 and #1 s @ O.

a semicolon, must appear.

by
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SECTION 7) Control Cards for FAUST

The following deck is an example of the necessary control

cards used to make a FAUST run on a system 360 under 0S/360.

//FAUSTL JOB 'P0785SYSTRUC,TIME=(,59),PAGES=999',CLASS=A,MSGLEVEL=1
//JOBLIB DD DSNAME=P0785.LMAN2,DISP=SHR

//GO EXEC PGM=FAUST,REGION=250K

//SYSPRINT DD SYSOUT=A

//GO.RECDIR DD DSNAME=U0664.RECDIR,DISP=0LD

//GO.RECFILE DD DSNAME=U0664.RECFILE,DISP=0LD

//SYSIN DD *

Place your FAUST deck here.

/*
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SECTION 8) FAUST Examples

The following examples of FAUST runs are provided to help
the user become more familiar with the FAUST language. The examples

are runs on CIRCUIT1. These FAUST statements

%#SAMP2: SIMULATE CIRCUIT=CIRCUIT1,DISP=NO,LIST=YES,FAULTS=ALL;
INITREE;
ACTIVATE ALL;
INIFAULT;
RUN; SHOW ALL ;
SET X1;
TRACE A2,01;
RUN; SORT;
TREE;
BACKUP RECNAME=TEST;
TRACE N1;
FLIP X1,X2;
RUN; SORT;
UNTRACE @1;
RUN; SORT;
TREE};
END;

give the following output:
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The presence of LIST-YES.in the control card statement causes
the circuit description of CIRCUIT1 to be printed.
The initial sort was not done in this run. Note the affect
on the diagnostic tree; it does not have a singular root.
| The $LVBS was not printed after the first RUN statement. The
reason is that a TRACE statement must appear before the automatic display
appears after each run.
The statement
BACKUP RECNAME=TEST§
fetches the structures TEST.$LVBS and TEST.SDIATR into core, wiping out
the previous $LVBS and $DIATR. The final tree is a 'super tree' of that
printed in run- SAMP1.
The next example simulates CIRCUIT! under multiple faults. The

statements are:

%ZSAMP3:  SIMULATE CIRCUIT=CIRCUIT1,DISP=NO,FAULTS=GET;
Al s@1,8@0;
+ N1 S@1,S@0/X1,X2;
+ A2 S@0/X1,Al;
END;
SORT;
TRACE $1,A2;
ACTIVATE ALL;
SET X1; RUN; SORT;
SET X2; RUN; SORT;
TRACE ALL;
RESET (1,3 to 5) X2;
RUN; SORT;
END;

The resulting output is :
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For a detailed description of the selected faults for this

run, see section 6),example 1 of this manual.

SECTION 9) FAUST program error diagnostics

The error messages of FAUST source errors are self explanatory.

Here is output of an incorrect FAUST source deck.
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The first error is the use of a colon instead of a semicolon.
The seconé is due to the absence of a blank between SET and X1. Note
however another error has been missed due to the first two. There
should be a semicolon after TRACE.

The next error causes the program to halt. Here we have asked
to have the diagnostic tree printed with the root at the 5th node on the
first level. Since there is no fifth node the instruction fails and

causes a PL1 error.
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ERROR MESSAGE GLOSSARY

For control card errors {(i.e. errors of the form **CCINT)

see the section on error messages in the TRAIZE user's guide.

**FAUST**FAILED
- if this message 1s not accompanied with any of the

messages below the system has failed.

*INVALID DELIMITER. STATEMENT.

FLUSHED FROM:

- check for missing semicolon etc.

*INVALID LEAD#:

- lead number is too large i.e. grater than the number

of leads.

*INVALID MACHINE#:

- faulty machine number is greater than the number of
faulty machines.

*INVALID NAME:

- check valid lead names.

- remember a lead number must be preceded by a '#' sign.

*INVALID OPERAND. STATEMENT FLUSHED FROM:

- check spelling of the instruction word, also, use of

qualifiers.

*SURPLUS DELIMITER:

- possible blank leadname.
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DECK SETUP
-t T NO
N . I YES
% runname: SIMULATE CIRCUIT = circuitname ,FAULTS=ALL’ },DISP=OLD
GEH | NEW
runname

Faults definition statements iff  FAULTS=GET,

FAUST test description, simulation and printout statements,

END;

SEMANTICS FOR CONTROL CARD

runname - A symbolic name by which the results of this run would be
identified. If DISP=NEW it must be different from any other run name
of the simulated circuit, if DISP=OLD it must be a known name; otherwise

an error will occur.

circuitname — The name of the circuit to be simulated. It must be a
known name of a circuit whose description can be found in the DIALATOR

file, or in core.

FAULTS - Defining faults to be used for this run:
NO - no faults (default value)
ALL - all faults
GET - following is a set of fault definition statements to be
compiled into a selected faults list and to be saved in the

DIALATOR file under the runname specified on this card.



DISP
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runname - use the selected faults list which is stored under
runname in the DIALATOR file,

- The disposition of the run results:

NO - do not save the run results.

YES - save the run results.

NEW ~ create new entries in the file for the run results.

OLD - overwrite already existing records of run results with

same name.

this

the
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DEFINITIONS of SYNTACTIC PHRASES

In the following definitions of FAUST and Faults Definition

Statements the following syntactic phrases will be used:

leadname = Any valid symbolic name (6 characters) referring
to a known lead.

leadno ::= Any valid lead number [0 < < N#] immediately preceded
by a '#' symbol. (e.g. #34)

$1list ::= {leadname| leadno} [,leadname leadno,,,, 1%

$leads ::= ALL | [INPUTS|OUTPUTS|FBKS|$1list ,,,, ]

$1list and $leads are used for describing lists of leads
referred to by their symbolic names, index numbers in the Description
tables or by their group names inputs outputs or feedbacks. A $leads
containing the member ALL will refer to all the circuit leads.

(e.g. X23,IN5,#17,#78,INPUTS ).

machino :s= Any valid [0 < < M#] faulty machine number.
$Smlist e= machinol[machino TO machino] ,,,, ) | ¥

Smlist is used for describing a list of faulty machines.
It can be specified as a list of machine numbers separated by ',' or
by specifying the range of the faulty machines number by using the
'TO' option. $mlist is always enclosed in '(' ')' and its absence

'$' is always understood as ALL faulty machines known to the system

at that time. (e.g. (12,23,24 TO 32,35 TO 36) ).
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$flist ::= ALL | {[S@l],[S@0],[0FD]}| ¥
$flist is a list of fault types: stuck at one, stuck at
zero and open feedback diode. ALL designates all the faults of the

subject lead while a ¥ means none of these faults.
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Faults Definition Statements

[+] leadname [ALL|$flist][/{ALL $1list}];

- to define selected faults.

Faults Simulation Statements

{SET]RESETIFLIP}[mlist]leads[ACTIVE]UNACTIVE ;

- to set, reset, or flip leads.

{TRACE | UNTRACE | SHOW} [-$ leads];

= to trace, untrace, or show leads.

{SAVE|BACKUP} [RECNAME=recname] ;

— to save or fetch in or from DIALATOR FILE
NO '
RUN[FAULTS=ALL][,MAXIT=maxit];

= to simulate circuit
SORT;

— to look at output, sort, add level to tree
TREE [FIRST=f2],[ROOT=hs],[LAST=22];

=~ to show diagnostic tree
INITREE [UB=upperbound on the tree];

~ to scratch old tree and initialize new one.
INIFAULT;

~ to initialize $LVBS with strict at faults,
{ACTTVATE DEACTIVATE}. $1eads;

— to set or reset activity bits of leads.



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

