Structural aspects
In the design for testability

"You will never solve a problem if you will thinkié same way as those who created it."
Albert Einstein
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Abstract -- Means of modern technology is the reduof research and also constitutes an essential jgoort
in deepening research performance: no electronic mioscopes, telescopes, without computers and lasaran be
designed current scientific developments. Nontradibnal approaches, and risk of major problems oldestand
innovative results obtained at the frontiers of knavledge inspires hope in winning a very important sentific
bastion: solving riddles logic synthesis aspects pfimary structures in the micrometer and nanometerranges. The
transition to a new stage of knowledge involves natnly the establishment of principles and originalconcepts.
Equally important is the highlight and preserve theessential elements of the current state of sciefiti knowledge as
a continuous development The article contains an analysis of the current sta of problem solving design for
testability. Structural aspects are analyzed repremnt obstacles to solving the problem addressed (reddancy, fan-
outs or similar opposite parity signal propagationto logic gate entrances convergence of structuraledign digital
artifacts). Also are highlighted and analyzed a nurber of structural issues favorable to solve the ptadem
(homogeneity, repetivitatea and regularity). Reseah into structural, functional and logic is of paramount
importance in solving the problem of design for tesbility of digital structures.
Index Terms— desgn for testability, structural aspects, digithstructures, fan out, homogeneity, test generatian

I. INTRODUCTION input vector signal stimulants, selected accordiog
certain requirements, and those reactions are wxder

Design for testability (DFT) issue digital structar(DS) outputs standard DS and compared with signals reddai
occurred in mid 60s of the twentieth century: th@id in the test generation process. With the increasing
development of integrated circuits (IC) and progutt complexity of DS manual test generation process has
based on their electronic microscopes and telescopebecome very expensive and practically impossibtetha
performant, serial production of the IBM 360 eturtified time of this impasse output were proposed two ways:
essentially scientific research potential and ttawbnew 1 The development of efficient algorithms and, basa
results However, permanent increase functionality their respective programs generating tests;
requirements but lead to complex structural-funwle 2 Design for testability of DS.
logic them difficult or impossible to generate testere To solve the first problem J.P. Roth [3] developiesl test
timely. (See: [1] Bennetts'in fact the only real measure generation algorithm DALG | based on single path
of testability is the cost of generating the copeesling sensitization in DS. P. R Schneider [4] presenteibaal
set of tests for the circdit pag. 53; [2] G. Russell, I.L.  structure, the so-called counterexample Schneiftar,
Sayers:” Results have shown that test generation timeswhich, according to the author, the test for a gitault
increase as the square of circuit complexity, agsgiinat could not be developed, although there could beioéd
a path sensitization algorithm is used and thatatheunt by another method. As a result, Roth and Schnéidee
of backtracking to resolve inconsistencies is rgigle” - developed a new version of the algorithm - DALG[H],
pag. 15-16). based on simultaneous awareness of all the waysuout
As a resultin diagnostic technique was a new scientific fan site to logic gate (LG) inputs convergenckhis
direction - design for testability, the main objeetof  yariation of the algorithm D is very efficient acdn be
which was to develop rules, concepts and principles  ysed to generate multi-level test logic DS, buthwtite
synthesis of easily testable DS. DS consist oftypes of  condition that DS is developed in accordance wéttain
structures: combinational circuits (CC) and seqaént design principles. For DS, designed ad hoc or aantf
circuits (SC). SC consists of CC and memory element sych as the DS of [4], the tests can not be gestbrét [6]
(ME). Generating tests for SC is a problem for mamyye it was shown that a counterexample DS Schneidanis
complicated due to the presence of ME whose statest  ad-hoc structure with multiple redundancies and dats
be known to generate tests. Testing a circuit is anconverging with different parities.
experiment in which it is applied test inputs; iengary
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Figure. 1. Incomplet degenerate structure
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Figure 2. Maximal degenerate structure
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Figure 3. Echivalent logic gate

Table 1. Tests for check of structure F;

0,0

Tests
0 Type of
Pri . ts ut- detected
Nr. rimary inpu put etecte
1[2[3]4]5]6]7]8] 9 errors
1100 (1|1 |1]|1|1]1 0 1=1, 2=1
21011 (1|1 |1]1]1 1 (2+9)=0
3/1/0(1|1|1]1|1]1 1 |1=0,(3+9)=0
411(0(01|11]1/1 0 3=1
S5M1j0|1(01|1]1]1 0 4=1
6101|101 ]|1]1 0 5=1
7101711 ]1]0]1]1 0 6=1
81011 |1]|1]1]0|1 0 7=1
91011111110 0 8=1
Table 2. Tests for check of maximal
degenerate structure Fz
Tests
Type of
. . Out-
Primary inputs ) detected
Nr. pu errors
112131456718 9
P[] 1 | a9=0
210(1 1|11 )/1|1)1 0 1=1,
3/1/0(1 (111 |1]1 0 2=1
4111|0111 1]1 0 3=1
Si1|1]1]01]1|1]1 0 4=1
6|1 /1]1/1]0|1]1]1 0 5=1
7117171 {1]1]0|1/1 0 6=1
/1|1 |1]1|1|1/0]1 0 7=1
91 (1|1 |1|1|1]1/0 0 8=1
(0]
A
1,0
0,9
0,8
0,7
0,6
0.5
04
0.3
02
0,1
»C

0,1 02 03 04 05 06 0,7 0,8 0,9 1,0

Figure 4. Dependence homogeneity/complexity
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Moreover, the connection itself, whose fault is sidered representation are two phases of the same entityical
detectable in [4] by using DALG I, is redundant, aspects of the representation of the structurdénrange
representing output connection of logic gates asmicrometric and nanometric are a first step towatds
redundant. It follows two conclusionsonnection, whose  next stage of knowledge and problem solving DFD®
fault is considered detectable in [4] by using DALGis

redundant, representing output connection of lagites  !I.2. Structural aspects and problems of DS

as redundant. It follows two conclusions: Algebraic systems are called crowds, in additiobit@ry
1 Any effective would be a test generation algonithit operations are defined and certain relationshipggel#as
can not overcome the artifacts of inadequate ohacl  are particular cases of algebraic systems, the ofet

designed DS: relations which is empty. Algebra consisting of thet
2 Comparison of efficiency DALG | and DALG Il is ho ordered with all possible binary operations, catégebra
appropriate: of logic. Algebra consisting of the ordered dét, and

DALG | algorithm involves the activation of a sieglvay
thtough circuit fan out site to the respective itspof LG
convergence and leads to the generation of faoétion
tests, when the algorithm DALG Il is based on the an algebraic system Nl
simultaneous activation of all pathways througleuirfan
out site to the respective inputs of LG convergeacd
leads to the generation of fault detection tests [7
Detection and fault location are two distinct preses,
efficiency and rezultativitatea which can not benpared.

binary opeation disjunction, conjunction & and

negation inM is called Boolean algebra. A structure is
ni < N, L} consisting of the
ordered set of binary vectors ofrank ordered, a binary
relation €) and two binary operations - the conjunction
and disjunctionl] .

Structure in the general case, reflects the level o
organization of matter. Instantiation of the cortoepDS

is the interaction with the outside elements (prima
inputs), some internal ordering and interdependence
between logic gates (LG), which provides DS opersati
result output connections observed [7, 8].

In terms of the number of entries of LG is connédtean
output of a previous LG the DS can be classifi¢d three
groups:

1). DS without fan outs;

2). DS fan connections outs only primary input9;(PI

3) DS with fan outs both PI connections, as well as
internal connections. The presence of fan outsrriate
connections are potential sources of impogitilt
generation tests. Namely internal organization,edndy
and interdependence LG lead to the occurrence ®f th
DFT. For example, the artifacts methods to mininane
synthesis can lead to the obtaining of non test8d Ean
outs with opposite parity signal propagation patbs
convergence LG entrances leading to inability tdaimb
homogeneous sets (00...0 or 11 ... 1) and, hencthet
impossibility of detecting errors OR L&1 and errors 0

for LG and DALG Il algorithm.. Similarly, fan outsith
similar parity signal propagation paths to convergelLG
entrances leading to inability to obtain nonhomagers
sets (100...0 or 011...1 or O ... 1) and, hencetht®
impossibility of detecting errors 0 for LG OR and errors

= 1 for LG AND in algorithm DALG II. The connection
previous fan out is just an artifact - in this case
represents an entity belonging simultan to multip.

Or, this phenomenon contradicts the way of reptasgn
essential implicatelor minimal form of LF Moreover,
essenlial implicants fall in each of the forms of minimal
representation of LF and theit modification consgés an
artifact. DS redundancy aspect is a structural doaghich
can prevent the generation of the test detection /
localization of specific defects or defects maydcwe to
masking. These difficulties of the DFT in the cutrstate

of knowledge hampers addressing DFT.

II. STRUCTURAL ISSUES IN DESIGNING FOR
TESTABILITY
After half a century of putting PPT problem, it wasved
just enough SC to the current state of knowledge.
Although initially found to solve the problem of JUFT
will be much more difficult than solving the probieof
CC DFT, this was not true. Contrary to expectations
solving the problem for CS PPT advanced considgifiabl
comparison with the state to resolve the problerh feiP
CC. SC consists of CC and ME. In principle, ME
structures (registers, adders, counters) carrie¢dangely
static until operations, receipt, storage, processogic,
and / or transmitting information. However, the dwgnic
operation of a SC is the logic combiioénala, ie CC.
Without the proper disposal of DFT CC is impossiel
the proper disposal of DFT to SC.

It should be noted that both Schneider
counterexample and other results "negative" wetarag
steps in the scientific research and not scientific
falsification. Rather it can be said that the peobIDFT
was made too early, at that stage of knowledgbeatiine
of being insufficient to solve the problem: struety
functional and logical DS, and the principles andaepts
of DFT were unknown or incipient.DFT appropriate
design principles and concepts tested were develQiz
However, neither the current state of knowledgenas
enough to solve the problem of CC DFT. Urgent nieed
address this issue is essential for the synthe$is o
micrometer and nanometer level DS. Research aspmrctr
structural, functional and logical primary cellsndaad to
new results in solving the problem of DFT.

I1.1. The objectives of the analysis and synthesis
The analysis and synthesis are the two complementar
sides of one and the same entity: analyzing thetsire of
research aimed at obtaining structural aspectheotruth
table and / or logic function (LF) produced by the
structure under consideration, in the synthesia lofgical
structure based on functional aspects, ie the traihe
(TT) that logical function that adequately describe LF
to be achieved.So look structural and functionakas of
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[1.3. Favorable structural aspects address the DFT
113.1. DS homogeneity



The transition to a new state of knowledge doesmpty
destruction or neglect of previous knowledge. Hatth
important knowledge of principles and concepts @b n
contradict the current state of knowledge and carthie

part of the foundation of the new state of knowkedg
Experience, or even failed to address the DFT k&s i
positive moments obtained in the search of solstiDRT
problem. Practice test generation indicates thataice
properties DS tests can be obtained easily. Moreove
some configurations DS enabling the test practicall
directly without generating tests as such. DS hamedy
are a structurally well.

We consider the DS in Figure 1. Numbers 1 + 8 are
assigned to LG (and their output connections). DS o
figure 1 is composed of LG and just being the tgp& G

9. Such structures are called incomplete degen@&8&te
Tests for these DS are obtained easily, as capdrefsom
Table 1. Even simpler to obtain maximal degenebxte
tests for figure 2: DS determines univocally theisture
and number of tests. SD maximal degenerate (fighiie

structure, consisting of one type of LG (OR or AND)
equivalent to a single LG (OR or AND). Hence therfo
properties as amazing as it is useful:

1 LG type and number of primary inputs uniquely
determines the structure of the tests and theirbeuns
not needed to generate test procedure
2 set of tests contains a minimal number of tests
3 set of tests so obtained detects all possiblglesierrors
such = 0 and type 1 connections LG equivalent;
4 The set of tests of error detection is test $e¢roor
localization LG [10 These results are crucial
addressing DFT. Note that it is necessary to rafehe
relationship between homogeneity and complexity of
logic functions (figure3). Possible achievable:

in

at each stage;

3. Avoiding fan outs;

4 Use, where possible, homogeneous structuredjtrepe
and / or ordered;

5. Research and seeking new innovative solutiotiseto
problem of analysis of primary structures of bidotad)
cells in order to obtain appropriate logical dgstions.

6. Development of new innovative concepts to stiiee
problem PPT beyond the current state of knowledge.
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homogeneous structures realized one primary LF. It
follows that research is needed to find solutianbypass

this obstacle, now impassable.

11.3.2. DS repetitive and / or ordered

In the design DS fragments can be obtained witlstme
circuit structure. In this case a fragment generdtsts
can be used in the synthesis process of a sestsffta the
entire circuit, lowering the costs of generatingtse Also
in this context, to DS may contain fragments areghigp a
certain way, which may also facilitate the generatof
tests. Using DS repetitive and / or sequencedarPRT is
preferable because it can lead to minimizing coststed
to generating tests.

[ll. CONCLUSIONS AND FUTURE RESEARCH

Work is a first step to address the design foratabty
approach to DS in the range of micrometers and
nanometers. Research into structural, functiondllagic

is to:

1. Highlighting artefacts digital structures that occu
throughout the design process, from checking DS and
ending with exclusion logic redundancy;2. Checkidog
functions minimality and accuracy of the resultsaiied
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