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Chairman's Letter 

The ACM '76 conference was held in Houston the week of October 
19. The Special Interest Area on Technology SIG's met before the con­
ference to discuss the future role of the SIA. The other SIG's in 
our SIA are Mini, Micro, Graph, Arch, and Comm. 

The primary item of discussion was the possibility of a once-
a-year technical newsletter which would include one paper or article 
chosen for inclusion by the editor of each SIG in the SIA. The article 
could have appeared in a previous issue of the SIG newsletter or it could 
be previously unpublished. The intent of the newsletter would be to 
promote technical interchange among SIG's having a common interest--
in our case, technology. The SIG newsletter editor will be polled and 
if the response is favorable, the first issue will appear in the spring. 

I have mailed the proposed bylaw change to Luther Abel, your 
secretary-treasurer who is in the process of preparing a ballot which 
you should be receiving soon. 

Thus far, no members have indicated their interest in running 
for a SIGDA office next year. It is critical that we field a com­
plete set of qualified candidates for all three elected offices. If 
you feel that a friend or colleague would make a good officer, and 
would like some help in convincing, let me know; I'll be happy to 
talk to anyone. 

Remember the Symposium on De~ign Automation and Microprocessors 
in February. l~e need papersand interested attendees (see the call 
elsewhere in this issue). 

Finally, I'd like to express my appreciation to Rob Smith for 
his continued excellent editing work on the Newsletter. As an officer, 

·I receive a copy of all the SIG newsletters, and I can tell you that 
the SIGDA Newsletter is second to none. We must all remember, though, 
that Rob needs help. Articles and reviews must come from the member­
ship. How about it?!? 

FROM THE EDITOR 

Several people at the 13th DAC were anxious to have some "real" PCB layout problems to experiment with 
in research and educational environments. The (longer than expected) result starts in this issue. 
Many thanks to Mel Breuer and Fred Krogh for contributing to an otherwise "all Livermore" issue. Heed 
your Chairman's plea -- contribute to the Newsletter! Nick Matelan recently left the LLL group to 
return to General Dynamics (Fort Worth), so perhaps his continuing contributions can be considered 
"outside work" now. 

I encourage you to write to Fred Krogh concerning the place (now a lacK thereof) of Design Automation in 
the proposed classification of computer programs. I'll start the ball rolling by suggesting --

Z4A. Mechanical 
Z4B. Architectural 
Z4C. Electrical and Electronic 

Z4*1 Analog Design 
Z4*2 Digital Logic Design 
Z4*3 Signal Processing 
Z4*4 Physical Design 
Z4*5 Documentation 
Z4*6 Data Bases 
Z4*7 Design Descriptions 
Z4*8 Testing 
Z4*9 Design Analysis 
Z4*10 Magnetic Circuit Design 

Z4*1 l RF Systems 
Z4*12 Multiservice DA Systems 

Z4D. Software 

Any other suggestions? 

ROB smrn 
11 /12/76 



INCREMENTAL PROCESSING IN DESIGN AUTOM.A.. TIONt 

by 

Melvin A. Breuer* 

ABSTRACT 

In many design automation systems a s•.ibstantial amo.int of computa-

tioci deals with processing engineering changes. It is our belief that in 

many cases these changes can be processed more efficiently by using 

specialized routines rather than by re-executing a subset of the orig-

inal set of programs used to process the original set bf data. We 

refer to the new data which includes the engineering change,as an in-

cremental problem, and the special routines used to process this data 

as incremental proced'.ires. In this note we present the basic concepts 

related to an incremental processing design automation system, and 

i\l•_tstrate s:i:ne iticrem'ental processing algorithms. 

1. Introduction 

In the field of design automation we have seen a continual evo-

lution in the design objectives of our syste:ns. The first systems 

consisted of stand alone program modules and interfacing them was 

usually done manually. Recently the concept of a central data base 

and file management system has caught on, and now program mod-

ules can be interfaced into a true design automation system. Cur-

rently, interactive systems are being developed so that comptiter 

aided design is becoming a reality. Possibly the next step will be 

the development of incremental processing design automation sys-

terns so that engineering changes will be handled more efficiently. 

The incremental processing problems in this area are numerous, 

and unfortunately, most of them are quite hard. 

tThis work was supported by the National Science Fo•.indation under 
Grant No. ENG 74-18647. 

*The author is with the DepartmP.nts of Electrical Engineering and 
Comp·.iter Science, University of Southern California, Lo3 Angeles 
California 9J007, 
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In Section 2 we will illustrate some miscellaneous incremental 

processin'<; algorithms; in Section 3 we will formally define an incre­

mental processing problem; and in Section 4 we will illustrate the 

structure of a design automation system based upon incremental pro-

ces sing algorithms. 

2. Example Incremental Processing Problems an:l Some 

Solutions 

The fleld of incremental processing deals with the development 

of a procedure (algorithm or heuristic) P':' to solve a problem {} on 

data D':' where the problem has previously been solved via procedure 

D We as sume that the data Dis very similar tothedataD':', Pon d3.ta • 

i.e., D an:l D':' differ by a small amount t::, called the increment. The 

objective is that P':'(D':') t executed more efficien~ly tha.n P(D':'). 

The term incremental processing is being used here as a gen-

eric term covering a whole class of problems, known to some by 

terms such as updating, engineering change, design change, error 

recovery, etc. As such, incremental processing is a very common 

problem in design automation. 

Next we will give a few examples where efficient incremental 

processing algorithm ex is ts. 

Z. l Sorting 

Consider the problem {} of sorting n n·J.mbers. Let P be a pro-

cedure which sorts a set D of N integers. The complexity of Pis 

n log n. Assume we execute Pon D to obtain the result R. Now, as-

sume for some reason we find that one of the numbers in D was in 

error. The corrected set of data is denoted by D':', where D 1"=D-e+d 

(set oJJeration). That is e is the element in D which was incorrect, 

and d is the correct value of this piece of data. The sorted form of 

D':' co•J.ld be obtained by again employing procedure P, but this again 

is an n log n process. It is more efficient to operate on the result R, 

deleting e and inserting d. Since R is sorted, each of these OJJerations 

is of complexity log n. We see that the. incremental processing pro-

cedure P'' for this simple t::,-problem consists of the process of ele-

rnent insertion and deletion in ordered sets. 

tThe notation P(D) stands for procedllre P executing with respect to 
inp·J.t data D. 
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2. 2 Graph Problems 

In this section we will briefly illustrate two incremental process-

ing problems dealing with graph problems. The results are due mainly 

to SJ:>ira arid Pan [l]. We first look at the problem of minimal spanning 

trees. Let·G be an undirected weighted graph having n nodes, and let 

T be a minimal spanning tree of G. Prim's [2] procedure for construc­

ting Tis of order n 2 , and more specifically the number of comparison 

OJ:>erations required to construct T in a properly programmed algorithm 

is between ~(n-l)(n-2) and (n-l)(n-2). 

Assume the following t.-problem occurs. A new node is added 

to G along with at least two arcs connecting this new node to G, form-· 

ing the graph G':<. We now desire a minimal spanning tree for G'\ It 

turns out that a minimal spanning tree for G':< can be found from G and 

T via an algorithm of order n (Theorem 3. 3 (l]). Hence a substantial 

reduction in computation can be achieved for this incremental process-

ing problem. 

Further results related to other incremental processing prob-

lems associated with computing the minimal spanning tree for Gare 

summarized below: 

(1) If the weight of an arc in Tis increased, the new minimal 

spanning tree can be computed via algorithms of complexity (n/4) for 

2 
n even and (n - 4)/4 for n odd. 

(2) If the weight of an arc n·::>t in Tis decreased, then the new 

m~nimal spanning tree can be fo:1nd with just (n-1) comparisons. 

(3) If a node is deleted from G together with all its arcs, then 

an algorithm to comp•.ite the new minimal spanning tree is of com­

plexity O(n2). 

The latter result (3) shows that in the worst case it is necessary 

to recompute the minimal sp1nning tree without using any of the pre­

vious results. 

In summary, we see that some incremental processing prob­

lems are amenable to solutions producing a significant reduction in 

computation, while others are not. 

2. 3 Matrix Operations 

Let C =Ax B be the product of two square matrices which are 

n X n, Then to comp'.lte C requires n 3 multiplications. If one element 
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in A is changed, then the new C matrix can be computed by- just n 

m·iltiplications. 
-1 

Also, the inverse A of A requires the evaluation 

of n minors of rank (n-1). However, if one element in A is changed, 

the new A-l can be determined by calculating only one minor. 

3. Formal Definition of Incremental Processing (IPc) 

Let D ·be a set of data. A ~nit data increnv~nt, denoted by- 0, is 

the smallest unit of change that can be made to D. For example, if 

Dis a graph, a unit da.ta increment may be the deletion of an arc, or 

th·~ change of an arc weight, or the addition of a node, etc. Let t:, be 

a set of unit data incremen:s. 6 is said to be a macro increm~nt. 

Let D and D':' be two sets of data which differ by r:,, denoted by 6= 

DEB D':'. D and D':' "rP said to define a 6-prob~em. Note that D':' can 

be obtained from D via a series of unit data increments (transforma-

tions) defined by 1l E 6. 

Let P be a procedure which, operating on a data set D, solves 

a problem (il. Let the result produced be R, where we write R = 

P(D). Let D'' represent a 6-problem derived from D. Let T be a 

subset of intermediate res•ilts ob~ained when P(D) is executed. T 

is said to be a trace and may consist of from all to none of the inter-

mediate results produced by P(D). Let P':' be a procedure such that 

P(D*) = P''(D, 6, R, T). P* is said to be an incremental procedure for 

{}, P'·' is said to be an efficient incremental procedure if the complex-

ity of P':' is significantly less than that of Pin solving problem (} on 

data D''. 

P'~ is said to be complete if it is independent of R, i.e., it 

does not require the results of P(D). Note th.at our sorting procedure 

P* can in principle sort D"' without knowledge of R, i.e., using R = cp, 

but then it is not efficient. 

P':' is said to be traceless if it is independent of T. For example 

o'..lr sorting algorithm does not require trace information. Howe.ver, 

a procedure P"' based on a symbolic result from P may require a 

trace, namely the symbolic expression itself. 

Note that the efficiency of some procedures is a function of the 

complexity (size) of the 6-problem. For example, if half the data in 

o·ir original sorting problem was found to be erroneo'..ls and changed, 

then it is probably more efficie:i.t to sort D'' using Prather than P''. 
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This example illustrates that, in general, we require a decision 

function f(D, Dt.') from which we can determine whether to solve the 6.-

problem using P or P'\ 

In sum:nary, we see that the field bf incremental processing 

deals with the development of procedures P'" and the related decision 

functions f, trace information T required of P, and identification of 

allowable unit data increments 6 such that 6.-problems can be handled 

as efficiently as possible. 

Note that when one procedure processes the res:.ilts of another 

procedure, one must be concerned with the range of 6,i.e., the structure 

of Re R*, where R* = pt.'(D, D*, T, R) = P(D'°'), and DEBD'~ = 6· 

Finally, it is im;iortant that the decision fun::tion fd be not too complex, 

since a complex decision function would detract from the overall ef-

ficiency of using P*. 

4. A Simple Incremental Processing Design Automation 

System 

Consider the processing of data as represented by the software 

system in Figure 1. 

and R. its results. 
l 

Here P. is a program :nodule, D. its input data 
l l 

Note that the results Ri represent the input data 

Di+l to mod·.ile Pi+l" Looping is allowed. 

For a simple co:np•.iter hardware design automation system we 

may have: D 1 - logic design of circuit to be built; P 1 - partitioning 

module used to assign IC's to cards; P 2 - placement module used to 

assign !C's to slot locations on a card; P 3 - element assignment 

module used to reassign logic functions to different IC' s; P 4 - pin 

assignment module used to assign signal names to card pins; f'.s -

routing module used to interconnect all signals on each card; P 6 -

output module; and R 6 - documentation, NC tapes, masks, etc. 

Assume that such a system, as depicted in Figure 1, is used 

in processing a design. For such an environment it is quite plaus­

ible that the data Di may undergo numerous changes due to one of 

several reasons, such as an engineering error has been uncovered 

or a design change is desired. We label this new data D~. Assum-
1 

ing that the original data D 1 has already been processed to comple-

tion, i.e. , Rn has been computed. The question we wish to deal 

·with is how to compute the new Rn based on the change in Di. If Df 
differs by only a "small amount" from Di, then we have an incre­

mental processing problem:. 
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There are two ways for processing nt. The first is by en-

tering it as data to P.. The second is to have a special incremental 
l 

processing module p~' process D'.:', where P::' has access to D 1., R 1• i l l 

and possibly some intermediate results from Pi, labeled Ti. If p~' 
l 

c- n process n::' mLtch more e[iiciently tha.n can P., then a significant 
a.. L l 

savings in computation time can be achieved. Note that an incremen-

tal change in the data Di may or m3.y not produce 3.n incremental change 

· R If it does then the new R., which is actually D\1 can again be 
in i. • 1 i 

processed by an incremental processing mDdule P~~l if one exists. 

Our new system structure is shown in Figure 2. 

Here the inputs to Pt, shown by dashed lines, represent Di' Ti' 

and R.. The module f., which also has inputs D. and D~'., evaluates a 
l l l l 

decision function for determining whether or not D'.:' should be processed 
l 

using Pi+l or P~~l 

Note that in some cases either no P? exists or else for some i, 
l 

the decision function may select P. over P'.:' for processing D:". In 
l l . l 

an1· event, once P. processes D7', the result R'.:' may be sufficiently 
l l l 

similar to Ri such that the decision function fi+l (Di+l' D~~ 1 ) selects 

P~+l over Pr 

After processing an incremental problem /),, a second incremen-

tal problem t:/ may occur. Therefore, after processing the first prob­

lem one should set D- D* and R - R~'. In addition, if P~' makes use of 

T, then T sho·.ild also be updated to reflect the effects of D':'. 

In summary, we believe that by incorporating incremental pro-

cessing algorithms into a design automation system substantial cost 

benefits can be realized. At present we are attempting to develop in-

cremental processing procedures for some of the well known algorithms 

use in partitioning, placement, routing, and test generation. 

References 

1. P. M. Spira and A. Pan, "On finding and updating spanning trees 
and shortest paths," SIAM J. Computer, vol. 4, pp. 375-380, 
September 1975. 

2. R. C. Prim, "Shortest interconnection network and some gener­
alizations," Bell System Tech. J., vol. 36, pp. 1389-1401, 1967. 

3. E.W. Dijkstra, "A note on two problems in connection with 
graphs," Numer. Math., vol. 1, pp. 269-271, 1959. 
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A CLASSIFICATION SCHEME FOR COMPUTER PROGRAM LIBRARIES 

Fred T. Krogh 

Section 366 
Computing Memorandum #413 

July 7, 1976 
Revised August 16, 1976 

Revised September 7, 1976 

This note presents the results of one phase of research carried 
out at the Jet Propulsion Laboratory, California Institute of 
Technology, under Contract NAS 7-100, sponsored by the National 
Aeronautics and Space Administration. 

Jet Propulsion Laboratory 
California Institute of Technology 

4800 Oak Grove Drive 
Pasadena, CA 91103 

We hope to adopt a new classification scheme for the Collected 

Algorithms of the ACM and TOMS. The (incomplete) classification 

scheme given helow indicates the direction of our thinking. Since 

this represents a radical departure from current schemes, it seems 

prudent to solicit opinions on the direction taken before proce­

eding further. We are also in dire need of assistance in class­
ifications from I on. Some of these classifications will certainly 

be eliminated if no one thinks they are worth developing. Other 

classifications will be added if a good case for doing so can be 

made. 

We would greatly appreciate comments and/or assistance from anyone 

reading this document. We hope to have a new classification scheme 

by about May 1977. 

Much has been borrowed from John Bolstad's work, see "A Proposed 

Classification Scheme For Computer Program Libraries" in the 
SIGNUM Newsletter, Vol. 10 (Nov. 1975) pp. 32-39, and this paper 

is highly recommended as an example of a proposal which departs 

much less radically from the scheme most widely used at present. 

The scheme proposed here has the advantage that procedures with 

code and usage that are closely related are close together in the 

classifications. For example, a program to evaluate a spline func­

tion is in a category very close to one which differentiates a 
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spline function. It has the disadvantage that programs doing 

mathematically similar things can be classified in very different 

categories. Thus a subroutine for integrating a general function 
is classified in a category well removed from that for integrating 
a spline function generated from discrete data values. 

We obviously feel there is some merit to the approach we have taken, 
but not fanatically so. We could be swayed to another approach, 

particularly by anyone inclined to write out the grubby details 

for an alternative. 

A classification scheme should make it easy to find a program 

for a given task. Having found a program, it is frequently useful 

to know what other categories the program might be placed in and 

the categories of the procedures used by a given program. Such 
information can help to give a clearer idea of the programs char­

acteristics. With these thoughts in mind, we suggest a listing 

of a program include the following kind of information. 

We use the notation 

c 1., d., e. . 
1 1. J 

are category calssifications 

u is an identifier to uniquely identify 

a program in a given category. 
K. 

1 
are keywords 

A listing for a program P would take the form 

c0.u Title,author,etc.(Also cl' c2 , ... , cn)(Uses d1 , d2 , ... , dm) 

(K1 , Kz, ••• , Kj ) 

where c0 is the primary category for P, and the 

categories; the di indicate the categories used 
the items indicated in parentheses is optional. 

ci are secondary 
by P; and any of 
It is in tended 

that the ci and di only include categories that are not strongly 
implied by the fact that Pis in c0. At ci' i=l,Z, ... ,n there 
should be an entry of the form 

where one of thee .. is c0 and the other e .. 's are referred to 
1,J 1,J 

in a similar way. 

In addition we hope to have a keyword index for the Collected 
Algorithms from ACM. James Lemme under the direction of John Rice 
has made such an index up to Algorithm 492. 
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Concerning the Revision Dated September 7, 1976. 

I believe categories B to H are in reasonably good shape at this 

time, given the classification approach taken. All with whom I 

have discussed this in detail, either prefer a classification based 

primarily .on the nature of the input to the software to one based 

on classical mathematical concepts, or are neutral on the question. 

I regard this as a central question to be resolved and welcome 
comments on the issue. 

Ed Ng of JPL deserves most of the credit for the organization of 

category B. Categories G and H owe their present form to John 

Bolstad and Margaret Wright of Stanford. In addition to the major 

improvement in that area, John and Margaret have helped with a 

number of minor suggestions. 

Assistance with any of the categories is most welco~e. I suggest 

anyone interested in working on some category contact me first so 

that I can make them aware of any other work in that area. At 

present, John Bolstad has a revised version of his classification 

scheme with a greatly expanded statistics category, and less 

extensive extensions in graphics, utilities, data manipulation, 

and general applications.· I believe the statistics in this proposal 

to be reasonably complete, but hope it is possible to organize 

statistics with more of the kind of structure found in the categories 

given here. 

Finally, we would appreciate comments on the scheme used to label 

the categories, and suggestions for other labeling schemes. 

ELFMENTAl./Y OPERATIONS•. INCLU[11Nr, TNPtJT/flUTPllT FOP STANDARl"'I Nllu"'RIC ANl"I 
CHARACTER DATA TYPES . 

Al. 
A2. 

.A2A. 
A2A. 
A2C. 
A27. 
A3. 
A31\ • 
A3A • 
A4. 

A4A. 
A4A. 
A4r. 
A4!"'1. 
A47. 
A4•1. 
A4•2. 
A4•3. 

INPUT/OUTPUT FOR STANDllRn NllMtRTC A~IO CHARACTF:"R l"lllTA TYt=>ES 
l"'IATA CONVERSION FOR STANOAPn ~VUERtc •Nn rHARACTER OATll TYPF~ 

CONVERSION BETWEEM STANDARD DATA TYPE~ 
DATA CONVERSIO~ BETWEEN ~ACHINES 
ENCRYPTION (CAN AMYONE SUGGFST A AETTFP PLArF FOR THIS?> 
OTHEH 

OPERATIONS. llSSOCIATFD WITH Plli=>TTllL WORD<; CHICLIJl)ES I/f"I AMn C()MVS:-RSil'"-1) 
BIT HANDLING !SHIFTING, ~ASKIMG• LO~ICAL OPFR~TIONSl 
CHARACTER AND STRING HANDLING 

FXTENDEO ARITHMETIC 
SUBHEADINGS IMCLUnE 
RATIONAL OR INTEGFR 
REAL <E.G. MULTIPLE PRECISION> 
COMPLEX IF.Go MULTIPLE PRECISION> 
INTEHVAL ARITHMETTC 
OTHEH <E•G• SIGNIFICANT OlGJT, DECIMAL> 

INPUT/OUTPUT AN~ CONVERSION 
ELEMENTARY. SPECIAL ANn STATISTTCAL Fl~CTTn·~ 
PROGRAMS WHICH WOULD Bf CLA~SED TM r'/ITEf.;OPYF'c; c Tn F i:-oo SH~!nAr>n 

FLOAT!NG POINT ARITH~F.TTC 
PROGRAMS WHICH WOULf) BF.: CLA~SED I~I ~ATEGORJl"S F Tl" H FOP STftMnA"n 

FLOATING POINT ARITHMETTC 
OTHER 

ARITHMETIC OPERATIONS ON POWER c;ERJF'S AMn POLY~nMIALS 
~THER IBUT SEE Cl FnR ELEMEMTARY OPr'PATTmis 0~' '4ATRTCFS A~·o l/ECTOPc;l 

ODULES AND TOOLS ("'RROR ANA Ye; re;, nNIRO~IMEf\IT/IL IMQIJIP.JS:-S, S:-T(".) . 
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ELFMENTAHY• SPECIAL• AND STl\TISTICAL FUNCTTON5 B· 
Bl. 
Bll\. 
Bl"• 
BlC. 
A 1 n. 
82. 
624. 
B2q• 
B2':'. 
821"1. 
B2F. 

A2F3. 
B2C:-4. 
B2C:-*A• 
B2C:-*B• 
82F*C• 
E32C.:*D. 
B?t=-*E• 
B2F*F• 

FLEMENlARY FIJNCTION5 
TRIGONOMETRIC FUNCTIONS JI.NO IMVfR5F.5 
HYPEHAOLIC FUNCTinNs A"JD JNVEnSES 
EXPONl:NTIAL A"ID L''GllPITHM { INCLIJl"'FS AhX• ~ 4Nn y oFAL l 
INTEGFR POWERS ANl"I ROOTS 

SPECIAL FUNCTIONS OF MATHEMl\Tr.AL PHYSICS 
EXPOMENTIAL INTE:G0 4L l\NO RELATED Fll"ICTT('INS 
GAMMA FUNCTION l\Nn RELATfn FUNCTyn~~ 
ERROH FUNCTION ANl"I FRESNEL TNTF.GPllL<; 
LEGfNDRE FUNCTION<; 
BESSEL FUMCTIONS 

THF. FOLLOWI"IG c;11F11-1EADHJt;S AoF AVllTLlll'lt_E (II * ts Tn s:!F RFDLl\r'Fn .... y 
1 • 2 • 3 • OR 4 • l 
J AND y, CIRCULl\R Bf.SSE'L FU•ICTin"lc; nF FYR<;T llNO 5FCn"'n l'Ttlf) 

I llND Kt HYPERA.,L!C (OD MnDJFii::n.> A!"<;c;EL Fll•ICTJnMc: ('IF FTPST l\~J[') 
SECOND KI"lD 

Ht HANKEL FtWCTTONS 
ZEHOS OF l'IE«;SEL FUNCTinMS 

I-UNCTIONS OF Dfl\L ARGUMF'NT A•J["I nRnrp ZE"" ANn C""".: 
F- UNC TI !"INS OF "EAL ARGl IMF.MT At>.Jn JNTF't;ER nonF.o 
I-UNCTIONS OF l"'f'.AL ARGUMFNT AN'"' FRllr'TIONAL OPDER 
l-'lJNCTIONS OF oE:AL ARGllMr:"t~T A~ll"\ REAL ORDFP 
1-'UNCTTONS OF l".OMPLEX ARt;UME'NT A"ID PF.AL Mnf:p . 
f-UNCTIOMS OF '"0MPLEX ARGUMF'NT AND COMPLFX ORnF'P 

821='. iNTEGRALS OF qESSFL FllNCTTm•s 
A?.G. STRUV[ FUNCTION«;• HJCC"llllPL":TF l=IFSSFL F11~•r.TI0~1c;. l\Nn DEi llTFl"I FlJM("Tin~•c;. 
B2H. CONFLUENT HYPFRGE.,METRYC l='U~CTION<;' 

B?T. CnuLOMB WAVE ""UNCTJorJS 

B2J. 
821<. 
B2Kl. 
82K2. 
A2K3. 
132L. 
B?·~ • 
82'·1· 
821). 
H2P. 
B27. 
R3. 
84. 
89. 

HYPEN~EO~FTPI~ FU'~TI"NS 

ELLIPTIC HJTEt;RALc; ANf'l ELLIPTIC FllNCTTl'.l•.1«; 
ELLIPTIC INTE\.RALS 
JACOBIA"J ELLIPTTC FllNCTIO•!S A~JI) THETll FllNf'.TTO•JS 
WElF:RSTASc; ELLIDTIC ANrl RFLATEC'l FllN("TJ0•15 

PARAHOLIC CYL TNnEP FlltJCTJnNc:: 
MA TH I FU FllNCTt ON«; 
SPHE:f'OIOAL WAVE Ft1•JCTIONS 
ORTHO\,ONAL POLYNOMIALS 
BERNOULLI ANO ELJLC"R POL YNOM!At_S • oTE'"iVlt.J ZETll Ft ltlCTTO•' 
MISCELLANEOUS FUNrTJONS F 0 0M ~ATµF:~ATTCAL PHYSICS 

l='UNCTIOr1s FPOM CO'l.18""1ATl)RIAL AMALYc;T5 AM" •JUMl'IF:D THFnrv 
STATISlICAL FUNCTIONS 
'·~ODULES l\ND TOOLS FC"R COMPuTir..IG Fll~JCTIO•Jc; 

c. OPERA TI or.rs ON FUNCTIO'IS OEFHJED BY A \.IVE•t <;ET nF POINTS I ''cCLllOEc; 
INTERPOLATION• l='ITTTNG• INTEGPATJO•I• )')Jl='l='FRFNT'l'ATtO~I• 511••"AT1'.0Nl 

AVAILABLE HEAIJINGc; AN('I SllRHFAl"IINi:;c; l\RF U<;TFl"I Hf.Re:-. fl µFA"H!G Ml\Y 
BE FOLLOWED AY ANY OF THF FJRc;T SllPHEll"tNGS• 'olHICH HI TllR•I ~AY RF 
FOLLOWED RY ANY 51 IAHEADIN''i FROM Tl-IF NFXT LQWC:-17 u::vn. FTC. CTl-IFPF 
ARE TWO· EXCEPTION«:; NOTE:!) REl.O\lf. l 

Cl. ONE nI~FNSIONAL DATA 

C3. 
C4. 
cs. 
C6. 
C7. 
CB. 
cq. 
C*A• 
C*A• 
C*C• 
C*O• 
C*Fo 
C*7• 
C**lo 
C*•2. 

ONE nJMENSIONAL DATii 

ONE DIMf.NSIONl\L DAT~ 
ONE DIMENSIONAL DATA 
llllULTI-DJMENSIONAL D~TA 

APPRO'l!TMATI"'r, Fl!NCTTn•t CO~tSTRATNF.'n IN c;ofl.11" WAY 
POTH nERIVATIVFc:; ANn CONSTRAI~Tc; 

MLJLTI-UJMENSIONAL DATA DFRIVATTVfS r.IVEN ~T SOMF n~TA DnJNTS 
MULTI-DIMENSIONAL DATA APP~OXI!lo'ATlN(.; FlJNCTTON COl'•STPll p1c-n TM snME 1,i4y 
MLJL TI-UIMENSTONAL DllTA BnTH DEPIVATTVEc:; A"Jn rO•JSTP.A T'IT<; 
MODULE5 AND TOOLS FnR OPER.llTIONC: USFO I•t c1.-cA. 

APPROXIMATING FUNCTION INTERPOLATFS TMF DATA DOINTS 
APPROXIMATING FUNCTION FITS DATA JI\/ A LEAST <;t:1l!llRFS SFl'lc;E 
MINIMAX FIT TO THF GIVEN DATA 
APPROXIMATE MINIMAX FIT TO THF DATA 
OTHE~ LP FITS 
OTHE~ CRITERIA FOR SELECTING THE ~E5T ~PPROXT~ATION 

APPROXIMATING F•JNCTION IS A POLY~JOMtAL 
APPROXIMATING FIJNCTION IS A PIECEWISF.: POLY•JnMYAU EACH DTF'CF" nEC-TNEI) 

BY LOCAL DATA 
APPROXIMATING FUNCTION IS A SPLTNF.• KNOTS GTVEN 
APPROXIMATING FUNCTION IS A SPLINE"• ICNOTS Tn RE l:'IFTFR~Il\Jc-o 
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C••7. 
C**B• 
C••9. 
C***A• 

C***C• 
C***D• 

C****l • 
C****2• 
C*•*•3• 
C****4• 
C****5• 

APPROXIMATING.FUNCTION IS A RATYONAL FUNCTTON 
APPROXIMATING FUNCTION IS A LINFAR COMAINATTON nF EYPONF••TIAL AM"/OP 

TRIGONOMETRIC FuNCTIONS. (FOR TPI~OMOMETRTC ALSl"I c::EF J~.l 

A CHOICE OF APPROXIMATING FllNCTTONS IS PROVTOED 
AUTOMATIC SELECTION OF THF TYPE OF ~PPROXI'-1ATING FU~•CTil"l~IS 
OTHER APPROXIMATING FUNCTIONS 

PROGRAM DOES TABLE LOOK UP (ONLY APPLIES TO APPRO)fI~l\TTNG FllNl"TIO~IC:: 
DEFINED BY LOCAL DATA> 

PROGRAM COMPUTES PARAMETERS FOR APPROXIMATING FUNCTION (Ll"IWFR LEVFL 
SUBHEADING nOES NOT APPLY> 

PROGRAM USES PREVIOUSLY COMPUTED PARAMETF.RS TO GIVE RFC::ULTS 
PROGRAM DOES ROTH OF THE TWO AAOVE JORSo 

APPROXIMATIMG FUNCTION rs EVALUATF:D 
APPROXIMATING FUNCTJON 15 DIFFEPFNTIATEn 
APPROXIMATING FUNCTION IS INTEGRATEn 
SOME CHOICE OF THE ABOVE 
OTHFR CTNCLIITTES SUMMATION) 

O. OPERATTONS ON FUNCTIO~IS DEFINED BY USFR PROVIDEf"I <>OFTWADE I TNCLUDF'S 
APPROXIMATION, OIFFFRENTIATON, YNTEr,IHTTON• S""'"'ATIONl 

Dl. APPROXIMATION (50LVE FOR Pl\RAMETERS TO i:'JT A i::-q~·cnn~'l 
SUBHEADINGS ARE THE SllME AS IMDIC11TED FOR C*Ao TO C•Z. llNn 
C••l• TO C••Q•• EVCfPT WITH C REPL~CEn AY D• 

02. 
02A. 
D2R• 
02r.. 

f"IIFFERENTIATION 
SINGLE VAPIABLE F'IR SCALAR FU~ICTION 
PARTIAL DERIVATIVES OF SCllLAR FUNCTIONS 
PARTIAL DERIVATIVES OF VECTOR FUNCTTO~S 
OTHEI-! 027. 

03. tNTEGRATION (QUADRATURE> 
SUBHEADIN~S INCLU"E 

D3A. FINITE RANGE 
03~. SEMI-INFINITE RANr,E 
D3C. INFINITE RANGr 
031. INDEFJNITF INTEGRATJON <ALSO <;EE 1'"2.l 
D3F• MULTI-DIMENSIONAL INTfGR~TION 
03•1. NO WEIGl-iT FllNCTJO~I 

03•2 • TR IGONOMETR JC WF.IGHT FllNCTMN 
03•9. OTHER WFIGHT FU~~TIONS 
03•*A• AUTOMATIC• NO OERIVATIVES RE0llIREn 
03•*8• AUTOMATIC• USF"S EXTRA DFRTVATIVFS 
03 .. c. FIXED MESH• Nf'l DE"RIVATIVE<; REnllIRi:-n 
o~··o. FIXED MESl-i• U~""S EXTPA nERIVATIVEs 
04. SUMMATION AND CONVERGENCE l\CCELFRATTON 
OQ. MODULES AND TOOLS UC::ED IN ril•-04. <F•G• PRO(;RA"'C:: TO GFT ()11AnRATllRE 

FORMULAS.I 

COMPUTING FUNCTIONS DF"FJNEO RY fQllATJONS (ROOT LO~Jr aTFFERENTTALt PADTIAL 
nIFFERENTIAL AN" INTEGRAL FOUATTONS) 

El. 
E2. 

E211. 
E21'1. 
E21". • 
E2n. 
E2F. 
E2•1. 
E2•2. 
E2•3. 
E2•4. 
E2**A• 
E:>••B· 
E2•*C• 
E2•*D· 

ROOT LOCUS CALCllLATTONS ( FINn Y(Xl r-.IVl'"N F<X•Y> = nl 
INITIAL VALUE PROBLEMS FOR 0Rf:\HIARY DIFFl'"RENTIAL EQllATJl"NS 

SUBHEADINGS .INCLUnE 
METHODS WHICH ARE NOT ECONOMirAL !'"OR C::TJFF F~llATIONC:: 
METHODS USEFUL FOR A RESTRICTFD CLASS n~ STIFF EQATTONS 
METHODS FOP GENERAL STIFF E0UATIONS 
METHOnS WHICH ALLOW A §l'"LFCTION OF ~ETHODS !SOMf i::-on sTTFF, SOME ~ll"IT) 
MEiHO['IS FOR OIFFERENTI AL FQllATIOtJC:: WITH OF.LAYS. 

AUIOMATIC SELECTION OF METHOD• l"IRDER• ANO <;TFPSTZF TS AVftJLABLE 
AUTOMATIC SELECTION OF ORnER ANl'l STEPSIZE re: '\VATLAPLF 
AUTOMATir SELECTION OF STF"PsIZE TS AVAILARLE 
US~P MUST COMPLl'"TELY SPECTFV THE METH0D 

NO PARTIAL DERIVATIVES USED 
f>ARTIALS llSED l='OR STIFF Ens. TF A\IAILABLF 
PARTIALS REQUTRED FOP STil='F E()S. 
PARTillLS USED FOR EQUllTIO~S EVEN Tl=' NOT STJl='F 
f>llRTIALS llSED IF AVAJLAr>u::·, PROVIq0N MllnE l='OR cTpt.lrTtfl~E nR 

SPARSENESS 
PARTIALS REQUIRED FOP STil='F E~lllTJO~~· PROVISION MAOE FOR 

STRL~TURE OP SPARSFNESS 
E2***1• RUNGE-KllTTA TYPE METHOD<; 
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-------- . --~---~--··· 

£2•··~· PREQICTOR-CnPpFCTOR TYPF MfTHnnc. 
E2•••3. EXTPAPOLATtnN TYPE METHnn 
E2H•4• METHO[)S WHirH RFQUJPE EYTRA r)fRTllllTIVI""<; 
E2•••5• OTHFR MFTHOnS 
E3. RQUNOAKY Vl\LllE PRORLEMS FOP OPQTMAnY l")IFFERFNT!AL f.-,U11TT0•1S 

E3n. 
E3~. 
E3C. 
E31". 
E3•1, 
E3•2. 

E3•6. 
E3•7. 
E3••A. 

.E4. 

surHt:AOHJ(;S PICLUnf 
L HJE Ap AOlJNOAIH VALIJE PROPLP-1<; 
NONLINEAR R()lJ'IDARY VALllE PRnRLEMS, PAPT I ALS ~J,,T Rl""~I • IPFn 
tJONLlf\JEAR r10U'J0ARY \/ALIJE PRnBLFMS• PAPTTALS qFl}llJPfn 
EIGEflVALUF PROHLE"c; (IF T0 EllTl""n Ac; A SPF:ClAL l'ASFl 

METHODS RAsr::o Oil THOSE IN E? MOVF 
FI"lITE DIFFS:::R[NrE ¥ETH,,nS WJTH AllTOVllTIC MF"<;H Sl'"LFCT!"ll\I 
OTHER METH0'1S WTTH AUTO~ATir M[<;H SFlFCTinN 
Flfl!TE f"IYFF"'"RENl"E METHnns WTTH tl<;FR <;pf.CIFJF[) MFSIJ 
OTHER MFTHOns '-/T T11 "SEP SPE("IFir::n MF"SH 
FINTTE QIFFERENrE METHODS WTTH rnNSTANT Ml""SM 
OTHFR Ml'"THons WITH CON<;TA•IT "1Ec;1-1 

~·i::THO[)S WHICl-i TTERATr BY snLVT•1r, THF" n1Fr::l""Rr::NTI AL F:l)llllTION• AMI' 
ATTF"'PTTNG TO MATCH THE AOUt-•nARY COMQJTTONS 

·~FTHonc; WHICH ITEPATF RY <;ATISFYIN(; THf RnU"IOAPV rnNDTTI0•1C., ft•IO 
ATTP1PTING Tn '.IATCH THE OIFFFPE"ITJAI. F"l}llATI0N 

TtJITIAL BOUN[lARV Vl\UJE r'ROPLE''S FOP DARTT AL Dlr::"FE'PE~1TT Al fQI IHJf1M<; 
5'J8Ht: AD I NGS I ~•CLUnE 

E4~. GE~IERl\L MfTHons AllSFD ON rNHTAL Vl\LUI"" METHl'lnC. TN E?. 
E4R. OTHFR GENFRAL METHODS 
E41'.'. • METHOrJS WHICH APPi Y O"ILY TO PARARCILTC F~IJATTOMS 
E4n. METHOnS WHICH APPL y OML y TO HYPERROLir. fQllATTnNc; 
E4•1. AUTOMATIC MFSH <:;ELECTinN 
E4•2. AUTOMATIC SF:LECTTO~J OF Tl'-"E STFP Sl71'"r OTHl'"P '-"ESH ye; C.ET RY IJC:FO 
£4•3. AUTOMATIC SF"LECTIO"J OF TIME STfP Sl7Fr on-1FQ '-IESH JS co~•c;TMIT 
E4•4. MESH IS USEP SP""CIFIED 
E4•5 • MESH MUST BF: COMST AtlT • 
E4**A • 1VIORE THAN TWO SPACE OTMF:N«;IOtJS ALLOWEn 
E4**B• AT M05T TWO SPACE OIMEN«;IONS ALLOWFD 
E4•*C• ONE SPACE DIMl'"MSION ONLY 
ES. POUNDA~Y VALUE PROBLEMS FOR PARTIAL nJFFFPE~ITIAL EQtlATJnNc; 

SUAHEllDWGS INCLUF')F.' 
ESA • LINEAR BOUtJDARY VALUE PROFILFMS• DJRF"CT METHOD 
ESA. LINEAR f!OtlNDARY VALUE PRORLF:"M5• ITFRATTVE M!='THOn 
E5C· NONLINEAR AOUNDARY VALUE PRnBLEMS• PARTIALS "lOT RF'~UIPEn 
ESn. NOMLlMEAR flOU"IDARY VALIJE PRnBLEMSr PAPTtALS RFQUIPFn 
E5F". EIGENVALUI'" PROBLEMS 
E5•1. RECTANGULAR BOU"IDARY, '~ORS:: THAM T\110 ntMF.N<:;IONS /lLLOWEn 
E5•2. RECTANGULAR BOUNDARY, TWO DTMENSIONc; (OR nNF) 
E5•3. ALMOST RECTANGULAR BOUNDARY• MORE THAN Twn nIMENSIONS AU_OWFO 
E5•4. ALMOST RECTANGULAR AOUNDARY• Twn OIMFNSION«; 
E5•5. BOUNDARY WITH SOME OTHER SPECIAL CHARACTERTSTIC· MORE THAN TWO nrM. 
E5•6. AOUNDARY WITH SOME OTHER <;PFCIAI_ CHARACTERISTIC• TWO nt~F'NSTONS 
E5•7. GENERAL BOUNDARTES• MORE THAN TWO DIMENSION<; ALLOWEn 
E5•8. GENERAL BOUNDARIES• TWO DIMFNSION5 
E5**A• AUTOMATIC MESH SELECTION 
ES•*B• USER SET MESH 
ES••C. CONSTANT MESH 
E5•••1· FINITE OIFFFRENCE METHODS 
E5•••2• FINITE ELEMENT METHODS 
E5•••q· OTHER METHons 
E6o INTEGRAL EQUATIONS 

E6Ao 
E6Ao 
E6Co 
Ef,•1. 
E6•2. 
E8. 
F.:9. 

SUBHEADINGS INCLUDE 
LINEAR INTE:GRAL E:QUATIONS 
NONLINEAR JNTE:GRAL EQUATIONSr PARTTALc; NOT RE~UIRED 
NONLINEAR INTEGRAL EQUATIONS• PARTIALS REGUtRFO 

FREOHOLM EQUATIONS 
VOLTERRA EQIJATIONS 

OTHER TYPES OF EQUATIONS lEoGo OIFFERENTTAL E~IJATTONS WTTM nl'"LA~SI 
MODULES ANO TOOLS USED IN El•-EAo 

F. MATRIX ALGEBRA• EIGENVALUE PROBLEMS 
THE FOLLOWING SUBHEADINGS ARE AVAILARLE THROUGHOUT THIS c;ECTTON 

BUT ARE NOT EXPLICITLY LISTr::"Do THF' FIR~T SURHr::"AOING CHARACTERTZFS 
THE LOCATION OF NONZERO ELEME~TS IN TH!=' INPUT MATRIX• THE NEXT 
SUBHEADING CHARACTERIZE:S SPECIAL R~LATIONSHTP~ AMONG THr ""LF.M~NTS 
OF THE INPUT MATRIX• ANO THE LAST SUBHEADING GIVES JMPLEMF'"-'TATION 
DETAILS. 
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F••l. 
F••2. 
F••3. 
F*•4. 
F••S. 
F*•6. 
F••7. 
F*•9. 
F•••A. 
F***B• 

GENERAL CASE 
.TRIANGULAR OR H~SSENBEPG 
BAND <BUT NOT TPinIAGONAL OR DIAGONAL) 
TRIOIAGONAL 
ALOCK BANDED (AS ARISE FPOM PAPTIAL nIFFERFNTIAL E~IJATTONSl 
DIFFERING FROM ONE OF THE 5 JUST ABOVE ONLY SLIGHTLY 
SPARSE WITH NO SPECIAL STRUCTURF 
OTHER 

GENERAL CASE 
SyMMETRIC POSTTIVE DEFINITE OP HERMITIAN 

F***C• SYMMETRIC 
F***D• 0P.THOGONAL 
F***Z• OTHER SPECIAL CASES 
F****l • DIRECT METHOD (INCLUDES QR ALGOPTTHM A~ln INVERSF JTF='PATTON) 
F****2• ITERATIVE Ml='THOD ( INCl.UnES CONJIJr.ATE" GIUDIENT MF'Tl-4()1"11 
F****:!I• DIRECT "IETHnO USING AllXTLIARY STORAGE 
F***•4• ITERATIVE M~THOD USING AUXILIARY STORAGF' 
Fl. FLEMETARY OP~RATIONS ON VECTORS ANO MATPJCES 
FlA. INPUT/OUTPUT 0F Vl='CTORS AND MATRICES 
FlP • ARITHMETIC OPFRATTONS ON VECTORS C INCL.I 'DES "lrlPMS ANn T"'"EP PRODUCT«;) 
Flc. ARITHMETIC OP~RATIONS ON "IATRTCEs 
F2. NONELEMENTARY OPERATIONS ON MATRICEc; 
F?.A. SIMILARITY TRANSFrlRMATIOMS 
F?.R. MATRIX DECOMPOSITTONS CLlJf c;INGULAR VALIJE• C"HOLESKYo r,.P, FTC.> 
F2C. UPDAT~S OF MATRIX DECOMPOSITIONS 
F2n. BALANCING AND SCALING OF MATRICES 
F2E• DETERMINANT OF A ~ATRIX 
F2F. FUNCTIONS OF MATRYCES <E.G. MATRJY FXPONENTIALSl 
F~. STANDARD EIGENVALUE PROALEM -- AX ::'LAMOA X 
F3A. EIGENVALUFS O~ILY 
F3Q. ONLY SOME EIGFNVALUES 
F3c. EIGEtlVALUES Al\ID EIGE"lVACTORS 
F3n. EIGENVECTORS FOR AIVF.N EIGENVALUFc; 
F4. GENERAL EIGFNVALUE PROBLEMS 
F4A. EIGENVALUFS ONLY 
F4~. ONLY SOME EIGENVALUES 
F4C". EIGENVALUES A"ID EYGENVECTORS 
F4n. EIGENVECTORS FOR ~IVEN EIGEMVALUfC 

G. SOLUTION OF EGUATTONS ANO APPROXIMATE c;oLllTJON Oi::' OVE~OETl"RMJMFD c:;YSTl"MS 
AllJO CONSTPAINED SYSTEMS 

Gl. 

GlA. 
GlR. 

Glr. 
Gln. 
GlF. 
611='. 

G2. 
G2A. 
G2FI. 
G2Rl. 
G2R2. 
G2"l3. 
G3. 

G:'l•l. 
G3•2. 
G:'1•3. 
G:"i•*A • 
G3•*B• 
G3••C. 
G3•*D• 
G3•*E• 

LINEAR <;YSTfMS 
FIRST LEVEL SIJBHE~OINGS ll~E 
N X N SYSTEMS fINrLUOES COMPUTING TMVFRc;i::> 
LEAST SQUARES SOLllTION OF M x N svc:;TEus fINCLIJDES C{'MPl•TrMr. 

PSEIJOOINVERc:;EJ 
MINIMAX SOLUTION "F M X N SYSTEMS 
OTHE~ LP SOLUTIONt:; OF. M Y N SYSTEMS 
OTHEH SOLUTIONS OF M X N <;Yc;Tl='MS CF.G. RORU5T ESTtMATIO~) 
SOLUTJON OF UMDER nETERMINEn c:;YSTl='MS 

ADDITIONAL c;UBHFAOINGS ARF AS GIV~N FnR F••t •••••• "'***•4·• EXrF'PT 
WITH F PEPLACED AY G. 

~OOTS OF A SINGLE NONLillJEAR E<'.'UATIO~I 
ROOTS OF POLYMOMIALS 
SOLUTION OF A SINr.LE NONLINFAR EQllATinM 

NO nERIVATIVES REQUIRE() 
FIR<;T DERIVATIVF RE~IJIRED 
HIGHER l"'ERIVATI'IE"S REQUIRFD 

MONLINEAR SYSTEMS 
FIRST LEVEL 9~HEAnINGS ARE THE S~ME AS GIA. TO G1F., F~CFPT WITH THE 
REPLACED f'IY 3. 

NO PARTIAL nERIVATIVES RE~UJREn 
JACOBIAN MATRIX REGIJIRED 
OTHF.R 'OF~IVATIV~S REQUJPEO 

f'ROBLfM HAS A DENSE JACOBIAN MATRIX CTHE r.EMERAL CASE> 
f'ROBLEM HAS A SPARSE JACORIAN llllATRIJt' WITH SOME c;PFCUL STRUCTllRE 
PROBLFM HAS A SPARSE JACORIAN MATRTX WIT~ NO c:;Pl='CTAL t:;TRUC"TURI=' 
PROBLEM HAS Dl"NSE JACOBJAN MATRIX, c:;ECOMDARY STORllGE 'S Ut:;EO 
f'RORLEM HAS SPARSE JACOAIAN MATRIY WITH SPECIAL STRIJCTllRE• 

SECONDARY STORAGE rs USED 
PROBLEM HAS A SPARSE JACORIAN MATRIX WITH NO SPl"CTAL t:;TRUCTURi::'• 

SECONDARY STORAGE rs IJSi::'.D 
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G4. LINEAR SYSTEMS WITH LINFAR COMSTRAI"ITS 
G4A. CONSTPAINED LEAST SQUARES <ALSO SFE H~A• GUA~PATIC PROGPAM~IN~l 
G4R. CONSTRAINED snLUT!ONS IN OTHER NORMS 
G4•1. EQUALITY OR INEAUALITY CONSTRAINTS 
G4+2. EQUALITY CONSTRAINTS ONLY 
G4+3. UP~ER AND/OP LOWER ROUNDS ONLY 
G4•4. CONSTRAINTS OF TYPE G4•2• AND G4*3• 
G4••A. DENSE CONSTRAINTS (GENERAL CASEI 
G4**B• SPARSE COMSTR~ INTS WITH SPECIAL STPtJCTUPF' 
G4**C• SPARSE C0~ 1STRAINTS, NO SPJ::CIAL STPl1CTURE 
G4••D· SAME AS G4**A•• EXCEPT SECONDARY STORAGF TS USED 
G4••E· SAME AS G4**B•• EXCEPT SECONDARY STORAGE IS USEO 
G4••F. SAME ~S G4**C•• EXCEPT SECONDARY STORAGE TS USED 
G4***1• SYSTEM HAS DENSE MATRIX CGEN~RAL CASE> 
G4***2• SYSTEM HAS SPARSE MATRIX WITH SP~CIAL STRUCTURE 
G4•••3• SYSTEM HAS SPARSE MATRIX WITH NO SPECIAL STRUCTURF. 
G5. NONLINEAR SYSTE~S WITH LINEAR CONSTRAINTS 
G5Ao CONSTRAINED NONLINEAR LEAST SQUARES lNO DERIVATIVES RE9UIRED) 
G5Ro CONSTRAINED NONLINEAR LEAST S~UARES (PARTIAL DERIVATIV!S REQUTREDl 
G5C. CONSTRAINED SOLUTTONS IN OTHER NORMS CNO DERIVATIVES R[QUIREOl 
G5Do CONSTRAINED SOLUTIONS IN OTHER NORMS <PARTIAL DERIVATIVES REQlJIREnl 

SUBHEADINGS HERE ARE THE SAME AS THOSE FOR G~• EXCEPT TH~ 4 IS 
REPLACED BY 5, ANO IN G5•••t TO 65***3 THE WORD MATRIX YN G4***1 TO 
G4*••3 IS TO BE REPLACED BY JACOBIAN MATRIX 

• G6. NONLINEAR SYSTEMS WITH NONLINEAR CONSTRAINTS 
66A To G60 ARE THE SAME AS 65A To 890 

G6•4. 
G6**A• 
G6•*B• 
G6••C· 

G6••D· 
G6**E• 

EQUALITY OR INEQUALITY CONSTRAINTS (NO DERIVATIVES PFnUTDEDl 
EQUALITY OR INE~UALITY CONSTRAINTS <PARTIAL DERTVATTVES "fGtlTPEnl 
EQUALITY CONSTRAINTS OMLY <NO DERIVATIVES RF'QUIPErJ 
EQUALITY CONSTRAINTS ONLY (PARTIAL DFRIVATTVES REOUTPEOl 

JACOBIAN MATRIX OF CONSTRAINT FUNCTIONS ye; nENSF' (GFNc-~AL CASFI 
JACOBIAN MATRIX OF CONSTRAINT FUNCTIONS Hiie; A c;oErTAL c:TPllCTU"c­
JACOBIAN MATRIX OF CONSTRAINT FllNCTIONS re; SPAR5E• •10 c;PEf'.YAL 

STRUCTURE 
SAME AS G6**A.~ EXCEPT SECONDARY c:;T~RAGE TS USEn 
SAME AS G6*•B.• EXCEPT c:;ECONDARY c:;ToRAGF TS Uc;En 
SAME AS G6*•C·• EXCEPT SECONDARY c;ToRAGF: IS uc:;Fn 

G6***1 TO G6*•*3 ARE THF SAME Ac; G5***1 TO ~5***~ 
H. OPTIMIZATION <INCLUDES LINEAR PROGRM~MIMGI NOTF: -- TO MINTMT?'E II SIJ" OF 

SQUARES SEE GlB• G3~• G4A• GSA• OR G6Ao 
Hl, 
HlA. 
H!R, 

H2, 

H211. 
H2A • 
H2Co 

H3, 
H3Ao 
H3B• 
H3C. 
H3n, 

H4, 
H4A, 
H4~. 

H4C, 

UNCONSTRAINED OPTIMIZATION 
MAXIMA OR MINIMA nF A FUNCTION OF ONE VllRIAALF' 
MAXIMA OR MINIMA OF A MULTIVADIATF: FUNCTION 

SUHHEADINGS INCLUDE 
NO DERIVATIVES PF.QUIRED 
FIRST DERIVATIVF' COR PARTIAL DEDIVATTVESJ RC"QtlIRFn 
HIGHER ORDER DERIVATIVES REAUIRFD 

MAXIMA OR MINIMA OF A LINEAR FUNCTION WTTH LPIC"AR CONc;TRATNT<:; CLINE~P 
PROGRAMMING! 
LINEAR PROGRAMMIN~ 
INTEGER LINEAR PROGRAMMING 
MIXED INTEGER PROGRAMMING 

ADDITIONAL SUBHC-AnINGS ARF THE SAME AS FOR G4•1 T~ r.4••F, EXCEPT 
WITH G4 REPLACEn RY H2, 

MAXIMA OR MINIMA OF A NONLINEAR FUNCTION WITH LINEAR CQM<;TR~TNTC: 
QUADRATIC PROGRAM"IING CI ,E. F•JNCTTON ye; A Qlllll"IRATTCl 
GENERAL CASE• NO l"IERIVATIVES PEQUIRED 
GENERAL CASE• FIRST ORDER PARTIAL DFRTVATYVF"S REQUTREl"I 
GENERAL CASE• HIGHER 0RDEP PARTIAL DERIVATivi:-c; RE()flTRF" 

SUAHEADINGS ARE THE SA~~E AS FOR G4*1 TO G4**F• FXCERT WTTH r.4 RFPLACFD 
RY H3, 

MAXIMA OR MINIMA OF A NONLINE~R FUNCTION WITH l\ll"l~'LIMEaR C')N<;""RAT~'TS 

NO DERIVATIVES OF THE OBJECTIVE FIJNCTTON PEllllTREr'l 
FIRST ORDER PARTIAL OERIVllTTVF"S ni:" THF OBJEl':TTVF: l='ll~ICTinN nfQllIRE" 
HIGHER ORDER PARTTAL DERIVATIVES OF THF OAJF~TIVE F't!NCTIO"I RE~l 1 IPFl"I 

H4*1 TO H4•**3 llRE THE SAME AS G6*1 To G6***3 

Io STATISTICAL ANALYSIS ANO PRORllBILTTY 
I****** NF.ED A VOLUNTEER AT PREc:;ENT I PPEF'F'P MMIY OPEDATil'Vlc: "'"' TTMF c:i:-pyc-c; 
I****** IN CATEGOPY J• ANn WOULD LIKE TO c:;FF MANY PPOAPAMS WHTC~ A ST11Ty5TTCIA~I 
I****** WOIJLD PUT IJNDER RF'GRESSION C':LASSIF'IED ttNOER VllRIOllc; LFA<;T SQUllRES 

CATEGORIES IN C AND G• CLEARLY A LOT OF CPoc;c; P~FFRFNCTNG TS GOING TO 
I****** BE REQUIRED. 
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J. 

Jl. 
J2. 

DISCRETE TRANSFORMS ( TNCLl 1DES SMO(ITHI"-IG• FTLTERtMr., ntSCRF"TF i:-ntJRTEP 
TRANSFORM• POWER SP!".CTRAr CONVOLUTM"'S AMI') COPQF"LAT!ONS• ET<'.,) 
SMOOTHING ANO FtLTEPING 
ntSCRETE FOlffiIER TRANSFORMS 

SUBHEADINGS INCLllriE 
COMPLEX OATA 
REAL DATA 
REAL ODD. OR EVEN nATA 

J2A• 
J2R 
J2C• 
J2n COMPLEX DATAr SECONDARY <;TORAt=F" TC •KFn 

J2r. REAL [)ATA, SECONO~PY STORll.GF" TS IJC::F[) 
J2F. 
J2•1. 
J?•2. 
J2•3. 
J3. 

REAL 000 OR EVEN nATA• SEC0•1011RY c::TOR~C:.F" !S IJC::fl") 
ARRilRARY NUMRER OF POINTS OVF"R AN FNTTPE PF"PTO., 
NUMPtR OF POINTS OVER AN ENTIRF !~ 1TEHVllL MLJ<;T AF A PO~Fo nF 2. 
SOMF RESTRICTION ON THE NIJMREP ()F" pn1•1Tsr RllT N"IT J?•?· 

J4. 
JP, 
J9. 

POWER SPECTRA AND cnoss SPECTPA 
CONVOLUTIONS ANl"l CORRELATIONS 
nISCRETF: ANALOGllES 'IF OTHER hlTl'."GRl\1 TRA•ISFORMC:: 
MODULES Mm TOOLS FnR USE 1•1 C::UTINI J. 

K. DATA HANDLING• COMBIN~TORIAL PRnsLE~S 
K******** NEEDS IWLP 
K 1. SORTHIG 
K 2. MERG !tJ(j 
K~. SEARCHING AND cnMpl\otNG 
K4, (.;RAPH THEORY 
><5. r.oMRiril\TORIAL PPORLFMS IN nPEPAT!OtJC:: PE<;FllRCH 

L. GPAPHICS 
L******** NEEQ A VOLUNTEEP 

M. SYMBOL ~·A•llPULATION (PR(\\,RAMS D"ll"G ('1P 11sp1r.; SY'~P"IL M11• 1 TPl!L~TTnf\•• i.'IMDTLfPC:: 
FOR SYMBOL Ml\NTPULATION Gn IN I),) 

M******** ~IEE:.r; f\ VOLUNTEEP !IS SUCH A SECTirlN J11STIF!l'."[.'?l 

N. LllNGUAGE PROCFSSORS ( TNCLIJOES PPEPROCF"SSOPC, AN!"' TE'XT Fn ITnrs) 
N******** NfEQ A V0LUNTEEo !SEE ROL<;T~D FnP SnME IDF"~<;l 

O. SYC::TE~ UTILITIES !FILI=" ~·AtJIPllLATinN1 TTMEr:ic;, l"'ATF" AND Tp~F"• nv~1A'<ITC 
sroqAGEr DUMPS ANO TRACES• REPORT GF"NFR~T0RS. ~TC.l 

O*U***** NEED A VOLUNTEEP <IS SUCH A SECTIOt\ J11STIFTF"O?l 

Y. PRnGRAMS NOT FITTING TN OTHER C~Ti=-GORJES 

z. APPLICATIONS 
Z******** <NEEDS HFLPl 
Zl. PHYSICAL SCIENCES AND MATHEMATirs 
ZtA. MATHtMATICS 
ZlR, ASTRO~JOMY 

Zl~. CHEMISTRY 
Zl*• ETC. 
Z2. PIOLOGICAL SCIENCES 
Z3. SOCIAL SCIENCES 
Z4. ENGINEERING 
ZS• AUS !NESS 
Z* • ETC. 

18 



PRINTED CIRCUIT BOARD INTERCONNECTION ROUTING -- EXAMPLE PROBLEMS 

R. J. Smith and W. G. Cage 

Lawrence Livermore Laboratory, University of California 
Livermore, California 94550 

INTRODUCTION 

The LLL Design Automation System is being used to 

produce layouts for a number of different types 

of printed circuit boards. This report contains 

detailed descriptions of several example layout 

problems, including solution layouts produced by 

earlier versions of the LLL router subsystems. 

The data representation used is first explained, 

then each example is shown and analyzed. If the 

authors receive requests to provide additional 

examples, later issues of the Newsletter will 

include similar example problems. 

DATA BASE/DESIGN FILE OVERVIEW 

The LLL Design Automation System data base is in-

tended to be the central repository for information 

related to design components, formulation of design 

description materials, and certain processing func-

tions of the DA system. The data base consists of 

a collection of information, the structures and 

conventions used to organize that information, and 

certain software modules used to access and manipu-

late the information. 

Insofar as is practical, the data base is intended 

to be independent of host systems hardware and 

software characteristics. Processing economy has 

motivated the use of environmentally spec.ialized 

features within a few software modules, but these 

routines could easily be replaced. by functionally 

equivalent modules created for another host. 

It is not possible to anticipate all of the ways 

that the data base will be used, so the organiza-

tional approach taken has emphasized flexibility 

and ease of extension to new, different applica-

tions. One of the most important features related 

*This work was performed under the auspices of the 
U. S. Energy Research and Development Administration, 
under Contract No. W-7405-Eng-48. 
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to flexibility is the self-defining nature of data 

base contents. As explained below, information 

describing the name attributes and location of 

each item is also stored in the data base file. 

The DASLL data base has five major features: 

1) A data base manager (a software package 

called DB MGR) through which all access 

to data must be made; 

2) A group of data management and access 

primitive commands which constitute the 

set (the only set) of commands which 

will elicit a valid response from the 

DB MGR; 

3) Data base buffer areas (called DB user 

buffers) through which all communication 

between the DB MGR and the data base it-

self must occur; 

4) A block of user related codes (e.g., access 

rights, update privileges, and priorities), 

one for each user (defaulted to new user 

values if user unknown). This is an 

activation block used in directing data 

flow and resolving contention. 

5) A hierarchical data base structure, which 

will be referred as a group of rings or 

ring levels, which are depicted as concen-

tric circles within a square. The square 

represents the user buffer area through 

which access occurs. 

The Data Base Model 

The validity of the stored data is of major im-

portance in any data base. The use of inaccurate 

or outdated information can be very costly; thus, 

configuration control is a primary concern. Tight 

control on the data base contents is maintained by 



allowing access only through a small number of application program. The point in an application 

data base utility routines. Update to the data process at which this occurs is called the binding 

base 1s strictly controlled by the person re- time of the item. All data that is logically 

sponsible for the accuracy of data in the data associated in the data base is connected by un-

bound (symbolic) references called pointers. Data 

may further be associated locally by their logical 
Centralized access allows underlying data base 

structures to be revised without fear of causing 
proximity. Such data, associated by being defined 

changes in design automation application program 
as a group, is called a data packet. Both bound 

and unbound data may be contained in a single packet. 
results. Furthe~, all operating system interac-

Pointers in data packets may point to other data 
tions are removed from the DA application pro-

packets. This is the way that resolution is in-
grammer because his only interface is through 

creased, pointing (through level slots) to more 
the utility programs. A set of concentric rings 

detailed information. The packets pointed to must 
symbolizing the data area suggests the concepts 

reside on the same or lower levels. 
of level and data resolution. Each ring repres-

ents a level of information, and each level has The concept of binding time leads to the need for 

associated with it a characteristic resolution. a copy of the information used by the application 

Greater resolution is obtained by going deeper program. ThP symbolic name of the data packet 

into the levels. General information and nomen- referenced by the pointer is replaced by a value 

clature needed to "home" in on a particular entity at the binding time of the pointer. This value 

is contained on the outer levels. Thus, a starting is the position in a list structure at which the 

point is established, specific data may be extracted symbolically referenced packet resides. This 

directly. Inner rings may be accessed without replacement must not occur in the data base. 

stepping through intervening levels, depending Therefore, a file is defined which contains all 

on the type of data needed. information from the data base that might be needed 

Accessing inner levels from outer levels implies a 
during the processing of a specific problem. This 

file is called the design file, and is essentially 
method of data association. Two general types of 

a local copy of those data packets relevant to a 
data may be accessed in each level; bound and un-

particular system activity, called a capability. 
bound. Bound data exists in the data base in usable 

form. It can only be retrieved. Unbound informa- The specific information in the local copy of the 

tion exists as symbolic references only; its final data base that makes up the design file is directly 

form (value) is dependent on both when and how it dependent upon the application to be executed. A 

is used by an application program. Unbound data subsystem to route a printed circuit board requires 

must be defined (bound) at the time of use. A a vastly different design file then a subsystem for 

datum is bound when the symbolic reference in the microprocessor control programs. A routine called 

data base is replaced by a value usable in the a preprocessor is responsible for selecting the 

20 
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specific data packets for an application program. 

The output from a preprocessor is always a design 

file, but the inputs may vary, because DA applica­

tion problems may require several steps in their 

solutions. The example layout problems shown 

later in this report are described by design files. 

Each worker has an associated loader routine which 

must access the design file and load tables from it 

in a format usable by its worker. This routine is 

usually a simple one. The rationale for separating 

the loader from the body of the worker is that many 

different worker routines may exist to perform a 

particular function (e.g., routing), all having 

common data needs. Each worker is written to con­

form to the common loader and design file, forcing 

informal consistency of the system. 

Data representatjon is another aspect of system con­

sistency. The DASLL data base is self-describing. 

Not only is each data item needed for various 

routines stored in the data base, but a specifica­

tion for both its format and symbolic usage name 

is stored. It is most convenient if the same 

(symbolic) name is used to reference the data in 

worker and preprocessor code, and by the data base 

maintenance personnel to specify data entry and 

alteration. This format information is stored in 

special data packets and is always included as part 

of the design file for reference by loaders and 

following preprocessors. Therefore, all codes 

using the data base information must access it 

according to standardized formats. The result of 

this convention is that a data format may be easily 

changed in the data base, and all routines will 

automatically respond to the change with no pro­

grammatic changes. Another result is that since 
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since all users of the system reference data items 

~ya data base defined symbolic reference name, 

everyone uses the same terminology for each par­

ticular item. 

The basic structure of the data base is a reflec-

tion of the level concept. Each level may contain 

zero or more logical groupings of data packets 

called blocks. A block is marked by a block header 

consisting of a level number (the larger the number, 

the closer the level is to the center of the concen­

tric rings), a block name, and level directory. 

The level directory lists the symbolic names of 

each block at the immediately lower level. Each 

block entry in the directory may optionally include 

associated data packets. Data packets may be defined 

at any level. 

A final feature of the DASLL data base is the div­

ision of system personnel into three categories. The 

categories are based on the relative familiarity 

with the overall system that is required. The 

first level includes system staff who maintain the 

actual data base, preprocessors, and loaders. The 

second level includes all staff members who produce 

programs for the system (e.g., routers). The third 

level is that of the user, who needs the least over­

all familiarity with the system. This is not to say 

that the user can utilize the system in ignorance of 

organization, although this might be considered 

ideal. The primary reward of such a division is the 

isolation of the data transfer subsystem from the 

worker routine writers. The ready availability of 

data to these programmers in a conceptually simple 

format allows worker routines to be more rapidly de­

veloped using a consistent data acquisition method. 



Data Base Manager Implementation 

The generalities described above are implemented in 

the DASLL data base organization with three main 

features in mind: transpor~ability, flexibility 

and extensibility. Each of these design goals 

is facilitated by isolating the data base from 

the operating systems, worker routines, and users 

through a manageable number of utilities which are 

accessed by. preprocessors only. The concept of 

level allows flexibility in specifying a data re­

lationship while allowing the use of transparency 

techniques to minimize loss or duplication of data. 

The use of a design file that is essentially an 

excerpt of the data base allows the use of data base 

modules for accessing it, lowering costs and system 

size. The major implementation decision, however, 

was the choice of the standard 80-column Hollerith 

card format as the conceptual basis of data repres­

entation. All data in the data base and on the de­

sign file are in strict character format, arranged 

as records referred to as card images. Each data 

packet is formed by one or more card images. 

Associated with each card image is a type code 

which is defin~d by a. three-character mnemonic 

code in the first three columns of each card image 

of a packet. Information in a data packet resides 

in a fixed field format on a card image of the 

packet. Each packet may have one or more types of 

card images in it. 

The inherent transportability and simplicity of this 

format made it a logical choice. The utilities re­

quired to access data in this format are read/write 

record and skip +-N records; capabilities associated 

with unit record equipment and available on prac­

tically every machine made. The wide variety of 

22 

machines at LLL make transportability a vital con­

cern even at the cost of sacrificing some efficiency, 

However, efficiency is enhanced in this system 

through the use of directories and local data access­

ing practices in the preprocessor code. Further, 

all data in the data base and design file is in user 

readable form, an aid in debug and development. 

The self-descriptive feature of this model is im­

plemented by defining a group .of system data packets 

specifically for that task. Skeleton data packets 

(ZSK) define (in position sensitive form) the start­

ing column, the total ~haracter count, the data 

type (such as aiphanumeric, integer, pointer) and 

other flags for each field in all other data packet 

types. Similarly, template (ZTM) data packets are 

used to define mnemonic tags for each data field 

of each packet type. The descriptions of data 

packet contents are used in many ways. 

The packet type and field information is used to 

access data from a program at run time and to spec­

ify fields to be altered in the data base update. 

Skeleton position and data type information is used 

at data base update time to automatically place sup­

plied data packets (a reason fixed fields are not 

considered too inconvenient). Skeleton data is also 

used to build the data transfer formats which are 

put in the design file to allow system I/O routines 

(in the host system) to access design file data, de­

creasing conversion overhead for bound data. Since 

all data is stored in character format in the data 

base and design file, conversion must be made 

before the worker routines can process them. Data 

bound in the data base (such as dimensions of an 

IC package) are never altered in worker routines, 



so formats constructed from skeleton information 

(ZTM) are used in reading such data through the 

loaders. This method is also applicable to unbound 

(symbolic) references (pointers) because they are 

simply read as character fields. When data values 

are finally resolved, the numerical information is 

replaced on the design file and information in the 

design file is changed to reflect that they have 

been· bound. Conversions necessary before pointers 

are finally bound are done in the preprocessor 

using data base utilities. 

Data Base Utilities 

The DB access utilities are those routines which 

must use the kernel routine calls to perform their 

functions. They basically fetch and store data 

for manipulation routines; they, therefore, con­

sist of bookkeeping code and calls on the kernel 

primitives. This scheme concentrates calls to the 

kernel in a relatively small number of routines, 

making update due to kernel changes minimal. 

The access utilities are: 

. 1) FN.DLEV (LEVEL, LEVTAG) 

186 

Locates the record in receiver buffer with 

ring level of <LEVEL> and header of LEVTAG 

2) FNDTAG (TAG, TAGTYP) 

187 

Locates the record in receiver buffer with tag 

name of <TAG> in the current level 

3) FNDTYP (TYPNAM) 

188 

Locates the record in receiver buffer with 

type of <TYPNAM > 
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4) GETSKL (TYPE) 

192 

Process skeleton codes for record type of 

<TYPE> 

5) BLDFMT (TYPE) 

193 

Build an ANSI FORTRAN IV format for skeleton 

of <TYPE>. 

The DB manipulation utilities are those routines 

which are most commonly accessed by routines log­

ically referencing the ?ata base. That is, the 

manipulation routines provide the primary inter­

face between users and worker routines and the 

stored design information. These routines use DB 

access utilities to acquire information (passed 

through a buffer) so it can be transformed accord­

ing to the needs of the worker routine. Manipula­

tion routines are completely isolated from the 

host machine (and the kernel). They often assume 

data to be fetched and operate directly on a copy 

of the data base information in the internal man­

ipulation or "Receiver" buffer . 

The DB manipulation utilities are: 

1) USEDB (CPBLTY, OPTION) 

181 

Preset pointers to reference capability 

< CPBLTY > 

2) SETDB (TYPE, TAG, OPTION, SETMOD) 

182 

Cause fetch of skeleton, and setup of records 

of type <TYPE> under tag of <TAG> 

3) RETRV (DATA, FLDNBR, OPTION) 

184 



Retrieves information from output buffer 

according to current skeleton at field num­

ber <FLDNBR> 

4) Insert (DATA, FLDNBR, OPTION) 

183 

Inserts data into output buffer according to 

current skeleton at field number <FLDNBR> 

5) Flush (OPTION) 

185 

Empty output buffer to the active output 

file (usually the design file). 

There are four main buffers used to hold data 

during a data base transaction. They are the re­

ceiver buffer, the output buffer, the skeleton 

buffer, and the template buffer. The receiver 

buffer holds information that has been found by 

FNDLEV, FNDTYP, and FNDTAG. SETDB causes data 

found in the receiver buffer to be copied to output 

buffer, for use by INSERT, RETRV, and FLUSH. The 

skeleton buffer holds the skeleton information for 

the current record type. The template buffer 

serves a similar purpose for template information. 

This is used by RETRV and INSERT to perform data 

format conversions for internal use by worker 

routines. The information in these buffers is 

also used by SETDB to build run-time formats for 

the design file. 

Data Base File Contents 

Each item of information stored in the data base 

is stored ·in a field, which has a conventional 

(standard) name, a current value, a format code, 

and a location. The current value is always ex­

pressed as a string of characters, which is in­

terpreted in a way specified by the format code. 
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Fields are usually collected into meaningful sets 

of related information. Each set of one or more 

items has its corresponding set of current value 

character strings recorded in a record. Each 

record has a type, which is indicated by the value 

of the first field (card type code) of the record. 

Each record is always 80 characters long, even if 

some parts are not used. 

A list of information (e.g., signal set mode list) 

may be continued on successive records of the same 

type. Continuation is implied in this situation 

by order of appearance. In general, position of 

various occurrences of record types in this data 

base is of significance. 

A collection of related records of one or more 

record types may be grouped together in a packet. 

Each packet consists of records of a particular 

set of types, which appear within the packet in a 

specific order. (Examples appear in the contents 

section). Each packet has a tag (or name) which 

appears on the first record of the packet. For 

example, a packet tagged 14PINDIP contains a de­

tailed physical description of package type 14 

pin dual inline pack. 

Packets are organized into levels which reflect 

the degree of detail or information resolution 

contained in each packet. Each level has a name 

reflecting the class of information stored at that 

level; for example the level named USERS contains 

packets which describe attributes of system users. 

The data base file is sequentially organized, with 

a fixed record length of 80 characters. A host­

system-independent internal organization using 

symbolic references (pointers) and record types is 



maintained in the file. Each major application 

of the data base uses a section of the file which 

has a name and a level number two. Within each 

level (here one) are found subcollections of in-

formation each having a level name and a level 

number one greater than the containing level. 

For example, at one time the DASLLDB level struc-

ture looked like--

I---- 2. SYS TYPE 
I 
I---- 2. SYSDEFN 
I 
I---- 2. SYS DOC 
I 

1. DBSYSDATA -- I---- 2. USERS 
I 
I---- 2. ROUTELIB 

I---- 3. PROMPTS 
I 
I---- 3. BOARD 
I 
I---- 3. DEVICETYPE 
I 
I---- 3. PACKAGES 
I 
I---- 3. WIRULES 
I 
I---- 3. CONNECT 

Within each level definition, one might find pac-

kets of information and/or definitions of subsidary 

levels. As will be explained later, the order in 

which things appear in the file is critical. 

"Each type of utilization of the data base supports 

a specific DA system cap~bility (e.g., PCB routing), 

and requires certain predefinable data base services. 

Within the DB file is kept a list of record types 

associated with each capability, so that data base 

access software can predetermine access require-

ments. Each capability is described by a packet 

of records referenced by the capability name (pac-

ket tag). The packet contains a set of records 

which list the subsidary capabilities and/or record 

types needed to support an application. 
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Each record consists of 80 characters, the first 

three of which identify a particular record type. 

Positions 3 thru 69 contain characters representing 

stored values of fields associated with the record. 

Record character 70 contains a plus symbol if in-

formation stored on the record is to be continued 

onto a succeeding record of the same type. 

Certain records used to organize the data base file 

use distinguishing characters in the record type 

code field---

$X Level X Header Record 
*Y Packet Y Header Record 

( Commentary Text Record--Ignored in all 
Processing 

Each packet consists of a packet header and a packet 

body. The header record specifies the packet tag 

(name), and may contain· other location or informa-

tion source items. The packet body consists of an 

ordered set of records of specific types and mean-

ings. 

Each record type used in the data base is itself 

defined by a descriptive packet found in level 1 

DBSYSDATA, Level 2 = SYSDEFN. The packet tag is 

the name (3-character code) of the subject record 

type. ZRD records explain the purpose of the 

subject. ZDC records explain the purpose of the 

fields found on the subject record. A set of 

template (ZTM) records list the standard reference 

names of the fields, in the left-to-right order 

they appear on the·subject. A set of skeleton 

records (ZSK) describe the contents of each field. 

Each field descriptor is 10 characters long and is 

found on a ZSK card in the same relative position 

as the field name on the ZTM record. 

A group of (one or more) fields may be repeated on 

a data base data record type specification out to 



a limit of one card image (Col 70). A shorthand 

method for specifying that a group of fields is to 

be repeated 1n a record type skeleton is the use 

of the repetition description field on the skeleton 

(ZSK) card. The repetition description has the 

general form 

IIJJZDKKK 

where II is the field number of the first field 

in the group to be repeated, JJ counts the number 

of times the group (II to last field defined) is 

to be repeated, including II first, the character 

positions between successive groups. KKK blank 

or zero means no separation interval. 

For example---

ZSK0404I 
Field 

0802A 
Field 2 

10G2I 
Field 3 

0202ZD001 
Field 4 

is equivalent to 
ZSK0404I 0802A 1002I 1302A 1502I 

Card Format Descriptions 

Appendix I reproduces documentation on the card 

types found 1n the example design files and in 

Appendix I. A brief commentary on this material 

may help to explain it. Consider the packet 

which describes type RLL cards, which begins with 

the packet header card (*RLL) sequenced DB 127. 

Two ZSK cards describe the field positions and 

content represesentations of type RLL records, 

with two ZTM cards in the packet describing 

corresponding field standard reference names. 

Three ZRD cards summarize the purpose of the RLL 

record, and then the purpose each field is briefly 

explained. For example, the third field of each 

type RLL record begins in character position 19, 

is 5 characters long, and contains an integer 

number. It is called LEGY, and is the Y-ordinate 

of the reference point for the legal location 

(or component site) described by an RLL record. 

LAYOUT PROBLEMS 

To illustrate the use of design files for printed 

circuit board layouts, a simple two-integrated-

circuit problem is presented in some detail. Fig-

ure 1 shows several descriptive reports extracted 

from the design file listed in Figure 2. The 

checkprints shown in Figure 3 were generated on an 

11" electrostatic plotter using the design file of 

Figure 2. The wiring paths shown were generated 

during testing of an unoptimized Lee router. A 

production processing run using this problem 

would result in a somewhat higher quality layout. 

Figure 4 shows the data which would be supplied 

by a user to initiate the creation of the two 

chip example problem. 

Figure 5 shows the design file (most wire segments 

deleted for brevity) for another relatively small 

problem whose etch artwork is shown in Figure 6. 

Figure 7 shows a slightly more complicated check-

print, followed by the design file. 

The layout problems described by these examples 

represent only a few of the boards which could be 

~ade available in this Newsletter. Please write 

to the editor if you would like to see more lay-

out problems made available. 
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------******"'**"'** 
* 

*BOARD SUMMARY' :+: 

* * *:i<:*************:f::'.'\<':t<*~*:-fr'1-i<:~l'::-t::i{:K:t":>f'.'t: 

--*---­* >I< 
*SIGNAL 

* 
STRING R E P 0 R T >1< 

BOARD NUMBER LC"1.0fJ-01lJ ?(1(14 l .. ;:·:~::~ TYPE CL r 
OARD NUMBER LEA6:::-90?004 

BOARD T'r'PE CL Ii RF'ORT GE1·1t:F:8T iOtl T H'IE. r·/8CH Il"'E. Hi·li 1 11;,·,--_ :. r~i: ~;7: .::'.4 U HJ/2_:1/71 
i2~;0:·· EPCJF:T GEMERAT!Orl TIME, MACHINE. 

SER f·iUhEER 
AN!' tJi~IE 10:5t:24 u 10/29/(6 u~:it:r~ NLJh8ER 

129fff75 
OF!PD TITLE D:~.::LL TEST E><At1PLE. 

+5V 
Urit:1ER OF SIGNAL ~;ETS 
Ui'15ER OF rnm1TOS 
Li1~i8ER OF LJIRED FR1Jrnos 13. 
iJhSEi='.~ iJF FF:OMTOS riUT LJIRED G. 
UMBER OF DE'-!ICES 
UMBER OF DEVICE TYPES 
U!'IBER OF PADS 
UMDER OF UNUSED PADS 
Ui·1tiER OF P Hi 'ii f'tS 
Ui'BER OF FEEDTHRU \I !HS 

1B0.G F'C.T 
G. PCT 

54 
4 

0 

************-*********** 
* * * P A R T L i S T * 
* * *)f(*******~**'**:>K)fl.**~**** 

OARD NUMBER LEA68-90?004 
EPORT GENERATION TIML ~IACH !NE, AND DtHE 
SER NUMBER 

ART NAME 
4P iND iP 

OUHNTITY 
i 

PACt<;AGE NAME 

BOARD TY'PE CL!! 
10: 5?: 24 u l!'.J/29/?6 

12:30?5 

GND 

!Ni 

IN2 

OUTi 
DEVICE LIST 

iC2 

't";RT 1-!AME 
1N74fa0N 

QUANTiTY 
i 

PACkAGE NAME DE\lJ CE LI ST OUT2 
I Cl 

( 2 1 40 
0 1 0 1 

! LOAD HiG ROUTE PRB i ·:.TC:PAT~33~23 
16 NOR11AL C0~1PLET!ON OF PROCES·:; ING 

*****************:'ft:*******-*****:'!( 
* " *DEVICE 

* 
R E P 0 R T 

JARD NUMBER LEA68-90?004 
:PORT GEr•rnATION TIME, f'"IACH !NE, Ar!I' !JATE 
iER NUtiBt:R 

oViCE NA11t: 
:i 

~VICE NAME 
·:2 

DEVICE TYPE 
SNi'400N 

DEVICE TYPE 
i;<tPINJ).IP 

DEVICE LOC TIOr-1 
2,[H)rj .50'iJ 

i" N 1 
2 
3 
4 
5 
6 
? 
8 
s 

iB 
ii 
12 
13 
14 

DEVICE LOCATION 
2.GEJ0 4.GGO 

PIN 
2 
3 
4 
5 
6 
? 
8 
9 

10 
11 
12 
i::. 
14 

BOARD TYPE CL Ii 
If): 5?: 24 u 10/29 /(6 

8DAP.D LAYER ROTHT !O~i 
i B. 

S lGiiAL SET +5\/ 
IN! 
IN2 
OUTl 
UHUSED 
UHU~.ED 
IJlllJ~;ED 

UilUSED 
Ur!USEI1 
UliU'.3ED 
Uri USED 
UfiUSELi 
UllUSED 
Gt HJ 

BOARD LA'r'ER ROTATION 
i G. 

Si GriAL SET +5V 
!ti 1 
H12 
OUT2 
UHUSED 
UHIJ'.3ED 
UNUSED 
UtiUSED 
UNIJ~.ED 
OUT9 
UNUSED 
UH USED 
UtiU~·ED 
GMD 

OLJT9 

UNUSED 

27 

5) FOIL .066 Mirl SEP1~~~T1Q~l .9!S VI:~ 9 
l;t~r..,; I:= E IC i 

IC.: 

1) FOIL .866 t-tl~i SEPti~HTiC1r1 .1:-116 l.,'!H 9 
L•t:',.: 11=:: IC 1 

! I~·' 

3.r FOIL .036 MIH SEPARATiO~l .~16 VI~ 9 

IC2 

2) FOIL .036 M~N SEPAP8TION ,10iB VIH ~ 
L'f::\/ILE iC ! 

•·EC4·i .,.2 
~-E1:=..:..i:....l. ~ !i 

?) FOIL .836 MIH SEP8P~TIOtt .016 Vffi 3 
lit:\i iCE iC 1 

.,. !Pi:: .,-1 

FOIL .036 ~\IN SEPAR~TiON .016 ViA 9 
DC:\IICE IC.? 

•.-EC·-4-4 -<-4 
.... -1p,3 <:-2 

4) FOIL .(~36 MHI SEPHPHT!O:--l ,f:11C VIrl S 

8) 

fJt;:~.nct: IC~ 

-EC44 ~.-1 

vt:-~1 rct: re 1 
IC 1 
IC 1 
IC 1 
!Cl 

!Cl 
I Ci 
IC! 
IC i 
IC2 
IC2 
iC2 
IC2 
iC2 
iC2 
IC2 
IC2 

.,..Tp:_:; 
<-TPf:i 
<-TP8 

HO 1_,J:iPC:. 
P\H 

ri1J i .. JIF'E 
F-Ih i..+ 

~m :.HPE 
P rr; -, 

2 

i'fO i_.J1F'E 
PIH .o 

NO :_,Jlk~ 

HD bJIFi= 
PIH .o.J 

i 
1 

r-~ Ci t_ • .! ~ t:. t.:: 
P ii'-~ H-1 

Hn tJIPE 
PIN 5 

6 
? 
8 

10 
il 
L2 
13 
s 
b 
7 
8 
3 

11 
12 
13 



l Land Lower Left Corner WIRE SEGMENTS B'r' SIGNAL 

L!NVX LINKY L!N~Z 

WI~E SEGM~riTS FOR SiGSET 
264( 38?? 
.264( 2467 
25b? 164? 
1350 158::: 
25?5 3915 
2600 3t:90 
2608 .2488 
25?5 Ltit)0 
1441 160? 
1466 1660 
2660 25r35 
258[1 1685 
26tJ0 2473 

IJ!RE SEGMENTS FOR SI GSET 
2362 44?2 
2362 4122 
2??2 4122 
2(?2 2892 
2362 2892 
1340 45?1 
1350 456 i 
1456 4510 
1466 450D 
240ti 4158 
2400 .292i-j 
2390 4300 
2390 416f3 
2t:OD ·29.30 
:2390 28~jC1 

WIRE SEGMENTS FOR SIGSET 
2462 4042 
2? 12 4El42 
2712 2822 
2462 2822 
2462 4?82 
1350 48?3 
2500 
258G 
1456 
1466 
24::10 
2?413 
2490 
2490 

WI RE SEGMEflTS 
1428 
1492 
2162 
153(] 
135(] 
1456 
1466 

40(0 
~~850 

4828 
4810 
4rJOU 
2860 
280€1 
4300 

FDR SIGSET 
4611 
402? 
402? 
4055 
4561 
45?1 
4639 

i 52G .o:!t.165 
2 l 9t1 400rj 

WIRE SEGt-1ENTS FOR SIGSET 
264? 419( 
285? 419? 
285? 29?? 
256? 29?? 
1877 ltlO? 
187? 267? 
256? 26?? 
1350 1?38 
2685 421El 
26G5 2990 
1441 1?63 
1466 182(] 
1915 269El 
2t:.1jt1 42 ?'5 
2660 4235 
28?E.1 .3!-) 15 
258[1 ~t:f3[1 

2600 
1890 
2580 
26rJO 

WIRE SEG~iENTS 
18?2 
18?2 
2262 
2932 
2932 
2262 
1350 
1456 
1466 
1910 
3890 
29?0 
23~)0 

1900 
2290 
2960 
2290 

2?75 
1845 
2?i5 
·2 ??5 

FOR S!GSET 
431? 
432? 
432? 
4162 
4322 
4322 
4405 
4355 
4345 
4355 
4100 
4190 
4:550 
4355 
4308 
4200 
4300 

i GHD 
0 
[I 
fj 

2 IN2 
0 
0 
El 
0 
0 
1 
1 
1 
1 
1 
1 
2 
2 
2 

El 
0 
0 
0 
0 
1 

2 
2 
2 

8 
0 
0 
1 
2 
2 
2 

0 
ti 
0 
0 
0 
0 
0 
1 
1 
I 
I 
1 
I 
2 

2 

2 
2 

3 IN! 

4 OUT9 

5 +5\' 

6 OUT2 
El 
0 
El 
0 
0 
0 
1 
1 
1 
I 
1 
i 
1 
2 
2 
2 
2 

2?.23 

2S43 
1c;ti6 
.262S 
:..-:'.b85 
:2t:8S 
::.:"625 
.i.:.+~:J 1 

2685 
27'18 
2b3f) 
2685 

2438 
2438 
2848 
2t!49 
~<J_,;(j 

!360 
i46t5 
14(6 
2408 
2810 
28i8 
2410 
241>3 
£EC:'O 
2410 

2538 
2?88 
2788 
2538 
2538 
1466 
~ :·~::.o 

~~-c':J8 

l...i.?b 
2500 
2:J ii] 
2?6B 
2510 
~5 Hj 

i504 
1568 
2238 
220B 
1466 
14?6 
1530 
l 'S ~fj 
22i6 

2?23 
2933 
2933 
2643 
1953 
!95::0 
2643 
1466 
2895 
2895 
1491 
1915 
26El5 
2S~;'"5 

2?H::i 

26 ::;~J 
~605 
1948 
.2638 
2605 

1948 
1948 
2338 

" 3008 
3008 
2338 
1466 
14?6 
1910 
2300 
39 !El 
3900 
.=:917 fj 

192~3 

23 ifl 
2980 
23 1fl 

lLand Upper Right Corn;~ame of Wire Segment 

SET/ , j . __ 1 / n Wire Segment Centerline 

LI•-Wy' LlNfZ NAME [/l_-:<1 •>L-Yl C/l-)Q C/L-Y2 

2543 
l 12-3 
l ,_:,52 
~-iflU6 

39~0 
25-30 
2505 
1685 
1?10 
_35 !5 
258f3 
2525 

4548 
4198 
4198 
2968 
29b8 
4?2? 
4581 
457 i 
4520 
4170 
2940 
45 !El 
43EH1 
"4lbfj 
.29:;;f] 

4118 
4118 
2898 
2898 
4858 
4893 
.;_+fj9f=l 
28(8 
'~883 
4:330 
430f::1 
4080 
286ti 
4820 

468? 
41El3 
41El3 
40?5 
4581 
4649 
4659 
4::;;49 
~0b'5 

4273 
42?3 
3053 
3053 
l8,'J3 
2?5-3 
2753 
1?88 
4260 
3040 
1845 
18?0 
2?40 

4..:'.:,;JE1 
4235 
3fJ l 5 
~:325 
2?15 
2808 
2825 

4393 
4403 
4403 
4238 
4398 
4398 
4425 
4415 
4365 
43?5 
4200 
4210 
4376 
4365 
4365 
4360 
4360 

28 

o nos 
0 ~~10? 
f'.) liC:C 

CH:) i 
(.)fj2 

L1Ci5 
i'.::tf36 
l~HJ8 

009 
e0A 

2 Ci08 
-:. 00D 

0 Ell3 
0 016 
0 018 
El >J IA 
0 0iC 
1 00E 

00t= 
018 
0i i 
f.315 

l (I 19 
2 812 
2 814 

2685 
2685 

l _::jt1 
.2S(1.LJ 
C:b··J1D 
2t)30 
2t.::n:1 
ldbb 
1466 

260•] 

24•3t1 
248tl 
2810 

3915 
2565 
1683 
!68? 
3~15 

33l5 
25E15 
25~!8 
16Ei? 
1685 
2505 
16.35 
25£10 

4510 
4160 
4160 

2685 
26:35 
26l6 
1466 
2680 
2685 
26135 
26~!~j 

1466 
2605 
2Gt.S 
2605 
2605 

3915 
2505 
1665 
1507 
4988 
391S-
25E:t5 
251=15 
i685 

. 1685 
3915 
2500 
25[10 

240El 4510 
2400 4160 
2810 4160 

2810 293El 
248E1 2938 
135El 4?2? 
1466 45?1 
1466 45?1 
2400 4510 
2810 4160 
2810 2930 
2400 4510 
24El>J 4300 

I Layer on which 

Segment Routed 

-J Oi ( 
-J 8iB 

28 !B 
2400 
1350 
1358 
14S6 
1466 
2406 
2408 
24013 
2406 
2E: ltl 
2400 

2930 
2930 
45?1 
45? I 
4510 
4510 
4160 
293(1 
4388 
4160 
2930 
2880 2400 2930 Feedthru via Pad 28lt1 4160 I 

r----~·------------
0 El20 2500 4880 2500 4880 is Layer Zero 
0 022 2?50 4080 2?50 4080 
0 024 2?50 2860 2?50 2860 
0 El26 2500 2860 2500 2860 
0 02A 2500 4820 2500 4820 
I BID 1350 4883 1466 4883 

2 
2 
2 
2 

8 
0 
8 
I 
2 
2 
2 

2 

f~I 

0 
0 
0 
f.::1 

0 
fl 
1 
1 
I 
1 
1 
1 

2 

2 

0 
0 
0 
0 
0 
0 
1 
I 
1 
l 
1 
l 
1 
2 
2 
2 
2 

i'.:J i F 252C1 4080 
823 2588 2860 
02? 14b6 4828 
028 1466 4828 
~IE 2500 4080 
021 2?5El 286El 
El25 250El 2800 
029 2500 43tl0 

02D 
031 
033 
038 
028 
El2C 
02E 
~12f 

~.'..132 

038 
'13"1 
03C 
03E 
[14,3. 
•345 
04? 
034 
03? 
038 
El40 
041 
044 

04D 
04F 
051 
055 
05? 
059 
049 
04A 
048 
04E 
052 
053 
656 
f34C 
850 
054 
058 

146b 
1530 
2200 
1530 
1350 
1466 
1466 
iS.38 
22('.h3 

2685 

2895 
2605 
1915 
1915 
2605 
1350 
2685 
2605 
1466 
1466 
1915 
26r~1f:1 

2::;85 
2095 
2005 
26Crl1 
1915 
2605 
26[10 

19 iEl 
1910 
23ElEl 
29?0 
29?0 
2300 
1350 
1466 
1466 
19Hl 
3900 
2970 
23tH3 
19 itl 
2300 
29?0 
2300 

4649 
4065 
4065 
4065 
45?1 
45? 1 
4649 
4[1t:;S 
4000 

4235 
4235 
3El15 
3015 
1845 
2?15 
2?1S 
1?63 
4235 
3015 
1?63 
1845 
2?15 

.:.Q~::i 

3815 
~8f~tJ 
28JE1 
1845 
2?15 
2800 

4355 
4365 
4365 
42•30 
4368 
4360 
4415 
4355 
4355 
4365 
4100 
42El0 
4:::;i:;}:1 
4355 
43(Hj 
4200 
4308 

2758 
2?5f3 
i466 
250l1 
25(:1~j 

2?50 
2500 
2500 

1466 
1530 
2200 
2200 
1466 
1466 
1530 
15:.)0 
·2200 

2685 
2895 
2895 
2605 
1915 
1915 
2685 
1466 
2895 
2895 
1466 
1915 
2605 
2685 
2685 
2895 
2S05 
2605 
1915 
2605 
2605 

1910 
1910 
2300 
29?~] 

29?El 
2300 
1466 
1466 
1910 
2300 
3900 
390El 
::::sirt:t 
19i0 
23f!D 
2978 
2386 

4080 
2866 
4.9e3 
4820 
430f) 
4080 
2868 
4820 

4649 
4065 
4065 
4El65 
45?1 
4649 
4649 
4649 
4tJS5 

4235 
4235 
3()15 
3015 
1845 
2?15 
2?15 
1?63 
4235 
3015 
1845 
1845 
2?15 
43fJO 
4301:1 
42.35 
3015 
2800 
2?15 
2808 
280EI 

4355 
4365 
4365 
4200 
4360 
4360 
4415 
4415 
4355 
4365 
4200 
4200 
4360 
4365 
4365 
4368 
4360 



WIRE SEGMHJTS FOR S iGSET 

3602 
2262 
3890 
3040 
23fl0 
3630 
.::290 

3632 
:m3c 
-=-t~r:'.l}j 

439tl 
:'06fl 

28lhJ 

7' OUT! 
0 
0 
0 
1 

FROM-TO LIST 

.:1~3:3 

3.:08 
~'. ! 1J.=! 
.:~:.:o,::_i 

4..+!0 
.0080 
c;,:,Jtl 
.: .. ::;;-:1] 

13 
1j 

lJ 

0 
0 

._ ::'..:U 

4.:.f~:::n=: 
::t:i1:0 
3e,::~r 

d.....!.~..:i;~.t 

441JiJ 
::nifl 

3~=1.:1.•:1 
3t~!.Jf1 

..::: ~ .. (1._1 

:::.~'~l':J 
3:3CHj 
~~3.:+k'1 
-;f.~1;..\fJ 

::;.f~::_! 

.:.-1-4~.::1.::i 

.30.:·13 

.3l:(U 
4-Sl:'.ifl 
...+4lh~l 
:;p1(E1 
..:°1-}t_!:": 
;: .. ~:: ... _, 

HBR 
1 
2 
3 
4 
5 
6 
? 
8 
9 

FMX 
1350 
2300 
2400 
::200 
2600 
2500 
2400 
2600 
25013 
230~3 
2666 
2bBO 
2300 

FMY Z 
4571 1 
43oe e 
4300 8 
4000 (J 

2500 0 
2800 0 
2800 0 
2800 £1 
4300 D 
43tH3 0 
2500 fJ 
2:3th3 6 
2800 f~l 

TDX 
1350 
1358 
1358 
1350 
2600 
2500 
2400 
2GGG 
i350 
3913('.I 
1;,.50 
1350 
:;.900 

TOY Z 
47'27 1 
4415 1 

SIGSET SIGHA11E 
2 Hl2 

STATUS 
POU-TED 
~Oi_iTED 

!<OUTED 
ROUTED 
RDUTE[• 
POUTEi:O 
RuiJTEf• 
POUTEi• 
ROUTEI1 
~eiu·i-ED 
;;-;:1UTE]) 
r·C:UTt:l1 
t~ 1~1u·1·~I.· 

1B 
11 
12 
13 

45?1 1 
4571 2 
468G 0 
4388 0 
4300 0 
4300 0 
4883 l 
4100 f] 
160? 1 
1 ?63 l 
45f:i0 (J 

6 OUT2 
2 Hl2 
4 CiUT9 

G~iD 
3 IN! 
2 It-12 
5 +5'./ 
3 IH 1 
6 DUT2 

s +':)\;' 

? CilJTl 

Figure 1. Two Chip CLI Board Sample Report 

<'.FMRSr,.:1-12., !2D, 21'1!0, I6, 2"11•1) /{Board. Number and Title 
RSt-=i 1_,JGi·! ~ 

Lt-nPn·3(H3, ;::HHJ .. HLFl6 .. 
~IJf;Lt:_~f:,:~i-::tt(- OU4 
'f::*;j:. 

ZFn~J)T(A3~ bHHn 
RDTTl:JU 14···P; r~ P IF'S HHI) 

*** 

::;Fn 8 :1 ' 

HJC'/l5/Dl'61_l TF~.t EX(lMPLF. 

, {commentary Remarks 
51:< :::fGhHL ~:.E•S. 

2:Ff·1~s 1_, (fl 5 · :. :_: .• f l · i J .• I l .. i -:· .. T ~1 ~ 15 ·' ! '.i ~ 1 S .. TS .. 15 ~ I 5,. I 5 .. I:: ... i ~. i S ·, 
RBG i ~12 lCH~~o 1i~o0 .1-:.:n;1c1 ':'l=:iut:J 1~.-:.1-:i r 1un 39r-s '.:i'_1.:.H:.t 13~:,0 111=;0 
**·'+~ 

7Ff'!P! L f 1~3 .. ~, HL f 5, I:;. ! ? , I..:'. .. ~ i G,. i liL 
RLL-t-TFd t· • .3900 45(10 [I l 
RLL~TPB ~~ 3900 J3u0 G 
RLL+EL.44 <-18 i3::n3 :.:'.?31 1 
RLL~EC~4 ~10 i~5n ~-i,·9 l 
RLL~EC44 c ~ 135u 490~ 1 

2X .. 

" :.:i 

i .< .. 1 O>< .. A.j) '· 
l 0 ... 
2 

j B-Oard 
1Geometry 

RLL'!-t:1~'1-4 ,_-f 1350 4103 ?. 
RLLIC2 2680 48b0 1 
PLL~TF-8 <-3 
RLL<i:(.:.;.4 "E 
Rll~TP8 +2 
Rll+EC44 <: 
RLL<-EC44 +n 
RLL+EC44 <l? 
RLL+EC44 +Y 
RLL +EC44 <-•: 
RLL ~t:c.~~4 ~>< 

RLL<-EC44 .,-ft 
RLL <-EC44 <-1~1 

RLL<-EC44 <-16 
Rll!Cl 
RLL'-EC44 .. A 
RLL<EC44 <cV 
Rllt-EC44 <-LI 
RLL<-EC44 <cl 
RLL<-EL44 d5 
RLL +t:Cci4 <-S 
RLL~t:l.:44 ~P 

RLL<-[L:44 <-i4 
Rll<-EC44 <-P 
RLL~EVI"\ <- !3 
RLL<-l?C44 <-9 
RLL,EC44 <-M 
RLLf-EC44 f-8 
RLL < EC4'1 1-1 
RLL<-EC44 ~2:0 

RLL<-ECA4 <-r 
RLLt-EC44 <-L 
RLL<-EC44 <c!2 
RLLHoC44 <-t, 
RLL<cEtA4 H'. 
RLL<-TP8 <-8 
RLL<-f1-:44 <-5 
Rll <-EC:-14 <-21 
RLL~EC44 ~J 

aL<-Tf'8 <-? 
<RLL<-EC:44 <-19 
®..l<-EC44 <-4 

3900 3?06 t1 
1350 4259 ·-:. 

.390@ <[ll:HJ ft 1. 

13::i£t !Qlf( 2 1 
LOSO 44i5 2 1 
1.350 23B? 1 1 
i350 1?63 2 1 
13'50 aS? ! 2 1 
i350 1919 2 1 
13S8 4?2? 2 1 
13!08 2015 2 l 
1350 2'i46 l I 
2800 25[)0 l I 
13513 4883 ·~ I 
1350 223 l 2 I 
135[1 2387' 2 1 
1358 2546 2 1 
[."~~--iU 2f.::i9 1 1 
l . .J~:~t 2699 2 
! 3 1~"-1 2855 2 
j :?l~ii_f 2855 
13'."-' :;() 11 2 
135D _,n 11 
1.3~.!_1 "3h35 
1358 3ib? 2 
135ll 3?91 
13~0 3323 2 
1350 1607 
13~6 3~1.4j' i 
1358 :::;41::1 2 
1350 316? 
1350 4liB 
1350 .;635 2 
3900 1 ?00 0 
1350 4259 1 l 
1351) 1763 1 l 
1350 3791 2 
3300 2100 0 
1350 2075 1 
1350 4415 1 
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13 
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19 
20 
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I 23 
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3 

3 
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~4 u 
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RI•~./<;-L 1=44 "':"" 1 ,-J 
RDV•'EL44 +- 1 

RD\."t:-E 1~ 44 ~-r 

RD\··· I C2 
RDv~r,c·3 ..-: 
RD\i<:-CC44 -:-[ 
RDV":-"!1-:.:.:.: .... :::: 

4 ~ Device _......__.......- Descriptions 
_,.r 

RD'/•.-EC..+4 'i 
RD'·l<:-f:.C.:.../.4 • Ii 
RD\.'o:-EC.~~4 ""!. 
RD\-'( t:C...i4 """\ 
RD\·'-;-EC44 ~c 

RD'./-::LC.+.:.i. ":"»' 
.RD\t~LC·~....J. t:-F1 

Rl)\t+-EC ~.:.l +Li 
RDV~EC4·'l -:- ! b 
Rf>VIr-. i 
RL• 1.,..-t:1~ 44 ( fi 
PI1\h. LC44 ~v 
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t·?D\i"'EC.::.+4 ~T 
RD\N-EC.::i4 "".! '5 
RDV<:-EC4~ +::. 
RDV~t:C,14 ~r; 
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RO\h.EC..::+4 .;p 
RfN~EC44 ~ l;, 
RI.1Vo::-EC. .... 14 o::-9 
RDV~EC44 +~1 

RDV""EC44 ..;-tJ 
PT•''~EC44 4:-~·-\ 
RDV"EC44 <:2 
RDV~EC.:+.::+ ~? 
PD\i(-EC.44 +~ .. 
RDV<i-EC44 •c 1? 
RDV<·EC44 <-6 
i-tfJV<:-ECAG ~r, 

i;·nv~1Pa t.-ti 
RDVt:-EC4-+ "'-5 
RD~·/+E':..::14 ..;.21 
Rf.i\.'!:EC.:14 -:-J 

..,,,.D'i<-1 P8 • r 
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)Device 
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HT 
RFl 
RFT 
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24BB 4300 
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RWS 2bUtJ 4Co ~J 
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Rt.JS 1466 16l1? 1 
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F:WS 2605 16~5 ~ 
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Rl.t'...:> 24f~10 41 GO 
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PWS 2?50 286~ 1 
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Rt...I~. t .::!Sr:-:; .. :ff::i~·1·3 2 
1--~liJS 153U- .::.JC.::~~1 
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PLJ5 c+2 :;5 

F-i_,_1~, 2 6 ti j :~ •=1 !_ ~:1 

%.Js .-~t·ll':i z;~-uo 
~tiS l4bt· l?t.:..:. 
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F'.W~, ::s'9~J1j .::~~1:[i 

I~!_,_:-::, ~' :_1 h l::t ,-: ~ U tJ 
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Figure 2. Two Chip CLI Board Design File 
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a. Top Conductor Layer 

c. Both Layers Superimposed (Unoptimized) 

Figure 3. Two Chip CL! Checkprints 

~D SECTION 
~IGIHATOR - WGM 
BOARD HUl"ElER - LEA68-907004 
REVISIDH LETTER - A 
REVIS JOH DATE - 12/15/75 
TITLE - DASLL TEST EXAMPLE. 
DESCRIPTiOH - Tl..() 14-PIH DIPS AHD SI~ SIGHAL SETS. 
$WIRING RULE SECTION 
POWER +SV GHD 
$COMPONENTS SECTION 
iCI SH7400H 2.0 2.5 0. 
IC2 14PIHDIP 2.0 4.0 0. 
EC44 CLIEDGECOH 
TPB CLITESTPT 

$SIGNAL 
IC! 

SECTION 

IC2 

EC44 

TP8 
END DATA 
FY IHPUT 

01 +SY 
14 GHD 
01 +SY 
14 GHD 
01 IHI 
21 +5\/ 
01 OUTl 

0 

0 

0 

0 

I· ,-r-
1 I 

b. Bottom Conductor Layer 

d. Connections (Fromtos) to be wired. 

02 IHI 03 IH2 04 OUT! 

02 IHI 03. IH2 04 OUT2 
10 OUT9 
02 IH2 03 IH2 04 OUT2 
22 GHD C OUT9 
02 OUT2 

Figure 4. 2-Chip User Input Deck 
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~~rj1;:1[1 1 
15~30 73f~lfj l l 
1-:,f=11.J ~J00fJ l 

1~;c1u 2210 
l :::":;tjCI :..~JO~J 

4130ij iU7:1l) 
55::·l] S0!'.:1L1 
40f..:0r~1 ?1=1Di:.1 
i sc.1~=1 2·::~=1D 

22i:;t1 ~+~~n30 
l SL1C1 ;;·ei9t1 1 
6fj00 .2(1(10 l 1 
4~30U t;rJ!;'.:1(1 1 
5,:='SU 2fj0e 1. 
..:.+fjO,J ~.ur~11J 

1'.:::·t.![1 t:~ i 0 1 1 
i 'jOO s ~;uo 
c+LiC:t1 4C1C1lt 
1::10(1 43t:10 
.2 ~i:i t~J 1 Ci -"+~~HJ 
~ 5c10 i::.tico 

.:.t~J1..:.1Ct t.,C;t~11-~ 

~,ClnJ ~· ~'.1(![1 
::_;,~:urj s::;c10 
! sco 2001:'.) 
4000 SOOD 1 
4DCC: sr.::i:~1c1 1 1 
:::'.250 i::.iUUO 1 
-:::;C(1(1 9:~;[.11J 3 
525u 4::-HJG 3 
s2se .:+~Juu 

20'.JU 1CJ?':· 1=1 
5~5~j .:::36U ,::, 
525f~! lD i35 3 

6u~_113 .:.:·.uuo 
1 :.oo ;,090 
2451:3 1 1tf~l[1 3 
3~j00 • l:!00 l 1 

.2250 SOOG 
~JJ00 95f.'..HJ 
15 1Jf~1 ti0C10 
5250 ~,090 

1500 
150(j -5:::: 
.~;(jf~ID 2300 
t.1000 3f:)f:j;j 

l 50~J SOC:nJ 
l 50fj 61]~10 

30f:1t1 ~~09D 

2250 2GOl1 
2250 90lH} 
525C1 48f::i8 l 3 
5250 2GS[t 
525B 6000 
1500 92Hl 

i 
1 
1 

150(1 6300 1 1 
4600 \[1055 3 
1500 10055 i 1 
4?0E110"?50 1 1 
15(10 6210 1 1 
1500 4f:10C1 1 
3000 2tilP.'..1 1 
3000 -,:·ldG 1 l 

350010?50 l 
3D~JO 3tH30 
2~~50 60[1[1 
3000 960l1 
5250 2:3(.hj 

3 

! 5f30 88913 
150>3 ?210 
1500 33tiD 
1500 209~3 
l~1f~16 5090 
3000 b0@0 1 
!500 7600 
2250 3000 

I5 .. 15 .. IS .. IS .. 15 .. IS. IS~ IS) 
i1DO t650lt025 ii0D i1iJ1J 66SfjJ.18"25 

~-: 

j 

15 

6 
i ~.i 

5 
15 
1.::1 

1:::., 
1 tr 

l:J 
15 

i5 
l:J 
15 

I j 

l i 
IC: 

15 
15 

'15 
IS 
15 
15 
14 

l':i 

i 
lS 
l ::, 
15 
15 
JS 
12 
16 
l ( 
1' 
i j 

9 
9 

1 ;:"· 

" 9 

15 

15 
15 
15 
15 
15 

3 
15 

1 

. iBK-A3> 

·.:::. 

8 

10 
11 
l~ 
L:: 
14 
1 '::i 
it. 
1.:: 
!ti 
1:::i 
20 
C:l 
22 

32 

3? 

43 
44 
45 
46 
4? 

48 
49 
50 
5 i 
52 
53 
54 
SS 
56 
5·,-, 

:58 
59 
60 
61 
b.2 
63 
64 
65 
66 
b( 

68 
69 
?O 
? i 

79 
8r3 
81 
82 
83 
84 
85 
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RLLF:47 
RLL~40 

RLLR38 
RLLR31 
RLU'9 
RLLi;:2S1 
RLL~·22 

*** 2'Ff·1R'R'./ H3 .• 
?RV 0 7C'.3 
RRV 13 f-'50::. 
**:!-' 

250 it~!l345 
.25t1 ·?~.JCH3 

5130 :f3•::1D 
5€H3 5210 
thJ1] ?313.0 
500 ~21tJ 
45C11UG55 

I2 .. IS .. 15 .. I5,. I'.:;)) 

5 
5 
5 
5 
s 
5 

0 13 4850 ii60 0 i5001B675 200810875 
75 62501f38?5 

ZFi·lRDV(A.3 .. A !D .. I 10,. 1:,;, l/,, HJ>:; 
15 F'.i)\/r;: 13 

i<I)i./[F'{ 

RiJ\,·Q l 
RDVIC3 

RDVR i 
RDVR43 
PD\:::;:34 
RD\'?2 

RDVCR3 
RDVR25 
RD\"O 16 
RD\IF'i)R INGND 
RIJV .iC 17 
RDVIClb 
RD'."';' 24 
RDVICb 
RDV".5 
RD\iIC 15 
RDVIC14 
RD\it:'~.::.ft. 
RDV1Ci3 
RDVP3? 
RDV~.:30 
Rf'1VIC 12 
RDVR28 
RDY!~:2 1 
RDV~:8 
RD'./iC i 1 
PDVFr i9 
RD\:P12 
RD'l~: 18 
RDVICi0 
RDViC9 
RDVIC2 
RDVF:S 1 
RDVR49 
RD~./R42 

RDVPbjR Hl-15 
RDVC2 
RDl/CR 11 
PD'.iCF: 113 
RDVQ2 
RDVD3 
RDVl":15 
RD 1il:R9 
RDVCR2 
RDVIC5 
RDVR54 
RDVFr4 
RDVf;AS 
RDVF:3G 
R"Dl./R2? 
RDVR2•J 
RD\104 
RD~/F: 11 
RDi./~'.? 

RD\iCR5 
RDVICB 
RDVIC l 
RDVR5'3 
RDVR48 
RDVP41 
~DVP3S 
RDVR32 
RDVC l 
RDVR23 
RD VF' WR l N+5 
RDVR33 

RDVR14 
RDVCRB 
RDVCR! 
RDVPWRIN+l5 
RDVCR6 
RDVIC4 
RDVR53 
RDv~:44 
RD\i~:3 
RDvR35 
RDVR26 
RDVR17 
RD\IR10 
RDVC:R4 
RDvRti 
RDVIC7 

~j 

14 

15 
15 
15 
!5 
15 

9 
15 
15 
1? 

8 
15 

15 
7 
6 

15 
5 

15 
15 

5 
15 
16 
15 

4 
i5 
15 
15 

2 

15 
15 
15 
17 
13 
11 
iO 
14 
14 
15 
if:j 
9 
1 

i5 
15 
15 
15 
i5 
15 
14 
15 
15 

9 
l 
i 

15 
15 
15 
15 
15 
12 
!ti 
1? 
15 
15 

9 
9 

17 
9 
l 

15 
15 
15 
15 
15 
15 
15 
9 

15 
1 



RDVi<:47 
RDVR4B 
RDVR38 
RDVR31 
RDVR9 
RDVR29 
RDVR22 

*** 

15 
15 
15 
15 
15 
15 
16 

ZH1RTD (A3, A 10. I10, !3, 13) 
RTDLf-i306P2 1 27 
RTDSOCKET14 2 5 
RTDSN7432 2 5 
RTDCD4023AE 2 5 

8 
2 
I 
I 

RTDCD4B48AD 3 ? 2 
RTDSN?473 2 05 1 
RTDNE555 1 26 1 
RTD5N7408 2 05 l 
RTD1N4148P2 4 28 8 
RTD l ~i758AP2 4 28 2 
RTD1N748AP2 4 28 
RTDCAPTANTB 5 16 
RTDCAPTANTA 4 28 l 
RTD2N29B5AP2 6 2? 4 
RTDRSTR i /4W 4 28 51 
RTDRSTRlW 7 21 3 
RTDLUG200 8 4 4 
*** 
ZF~>RPK C:A3, 12, 110, ! 18, !3. 14, !3, !3. ! 16,A 10. 5Xl 
RPK 8 . 0 0 2 27 27 2 
RPI<. i 4 0 El00200050000B2EH'H300000077003~~ 
RPKJ6 0 0 2 ? 0 2 B 0 ?70 3~~ 
RPK 2 B 0 B 28 28 
RPK 2 0 0 0 16 16 

PK 3 B 0 2 2? 27 2 
R , B . '" - . - • RPK 2 8 ~ ~1 cl 
RPK B 0 B 4 

*** 
ZFt-lRPF (A3 .. 4( 14 .. 14 .. i2 .. !2 .. 2X .. ~;i<)) 
RPF 300 ~00 8 D 8 280 ~G0 8 0 8 !00 ~0~ 8 0 8 
RPF 0 8 8 9 8 1~[1 S G it U .:='.t.!ll •_! 8 t:• 8 
RPF 700 300 8 8 8 b00 300 8 0 8 508 388 8 0 8 
RPF 300 300 8 B 8 280 300 8 0 8 iBB 300 B 8 8 
RPF 200 000 8 O 8 380 BBB 8 0 B 480 OUO 8 0 8 
RPF b~~ 000 8 0 8 700 BOB 8 0 8 
RPF 700 300 8 0 8 600 300 8 0 8 
RPF 300 300 8 0 8 208 300 8 8 8 
RPF 0 8 8 0 8 100 0 8 0 8 
RPF 400 0 8 0 8 500 0 8 0 8 
RPF 0 0 8 0 8 400 0 8 0 8 
RPF 0 0 8 0 8 ?00 0 8 0 8 
RPF 0 300 8 0 8 0 0 8 0 8 
RPF 0 012 012 800 012 012 
RPf 0 0 4 0 4 -ZFf-iRPE<A3, 302. 14. 14.14. I4, lX)) 

500 300 8 0 8 
100 :;oo e 0 8 
280 0 8 0 8 
600 B 8 0 8 

300 0 8 0 8 

RPE 090459045 345 .45 89045 255 345 345 
RPE 0 559045 745 45 G 55 255 745 34S 
RPE 090459845 ?45 45 09045 255 745 345 
RPE 090459045 345 45 09045 255 345 345 
*** 

8 31J0 8 0 8 
30tJ ij 13 ij ·-· 
480 380 B 0 8 
ltH:i OOt1 8 0 8 
500 IJ88 8 8 8 

400 300 8 0 8 
8 2:00 8 0 8 

300 B 8 l'l 8 
i'08 8 8 0 8 

2FMRRUCA3. 13.13. 12, 12.11. 12. r2. 14. 4X, 4X. 2x. 2X. 2Xl 
RRU0200160900230992000 
RRU0250150900230992000 
RRU050016890039999300B 
*** 
2FhRSD<A3.Ai0.-I i0. I 18, 13. 
RSDHH I 
RSDBFl I 
RSD3.7VP 3 
RSDRR 
RSDC0 
RSDGND 3 
RSDQ38 1 
RSDAD I 
RSDS8 I 
RS DAN 1 
RSD'i'5 l 
RS DAX l 
RSDSS 1 
RSDX4 l 
RSDJJ I 
RSDTT I 
RSDAJ l 
RSDAA 1 
RSDAF l 
RSDS2 1 
RSDAK J 
RSDAP 1 
RS DAU l 
RSDUU J 
RSDCI- 1 
RSDBB l 
RSD'r'4 l 
RSDQiB l 
RSDLL J 
RSDVV I 
RSDQ28 1 
RSDAC 1 

IX. 3X. 3x. 5~'<'.. 
I 4 
5 ? 

12 6 
18 3 
21 4 
25 28 
53 2 
55 2 
57 3 
60 2 
b2 2 
64 4 
68 3 
71 4 
?5 3 
?8 3 
81 
83 
86 
88 

2 
3 

3 
91 3 
94 3 
9? 3 

100 2 
182 4 
106 3 
109 2 
111 2 
113 4 
117 4 
121 2 
123 2 

33 

F:SL·c 
?SI·i:hi 
F'.SI·t'.-'1· 
RSL·:·~;:.··1 

PSD"r:2 
RSI1HW 
RSD15V­
RSDlOV­
RSfoi.·Jl·.' 
RShdc 
RSL'l.:<U 
RSVrltl 
RSt•C 1 
RSI>.<•: 
RSLi048 
RS£•AE 
RSDSJ 
RSDt:E 
RstoHO 
RSDSVP 
RSDr'6 
RSDOO 
RS£1C8-
RSDYY 
RSiiFF 
RSDX2 
RSDPP 
RSDZZ 
RS1'15VP 
R% 10VP 
RS DAG 
RSDS3 
RSML 
RSDGG 
RSt•AQ 
RS DAV 
RSDQQ 
RSDUNUSED 

-* 
~Ft-IRSNCA3, 10<13, 13) l 

3 
1 
j 

1 
1 
1 
l 
1 
l 
3 
3 
l 
I 
l 
l 
l 
1 
1 
l 

i4tt ·3 
143 2 
J.45 19 
!b.:.+ 4 
:68 -, 
l?'O ...: 
l ?2 .:.j. 

i?b 4 
i8[1 2 
182 

193 18 
21 l 
213 
216 
228 
224 
~2? 
233 
236 
24tl 

2 
3 
4 

3 

3 
4 
3 

243 22 
265 2 
26? 2 
269 2 
2? 1 4 
2?5 j 

~78 6 
284 3 
287 0 

RSN 75 7 28 2 83 1 33 13 34 2 82 
RSN 49 2 41 2 86 2 3 3 43 1 44 
RSN 20 ? 20 12 15 4 15 13 46 I 42 
RSN 65 ! 8 I 52 1 88 I 33 ? 28 
RSN 40 2 29 3 29 4 29 5 29 ? 25 
RSN 22 8 13 1 38 2 44 2 31 2 18 
RSH 87 1 44 I 14 ~ 19 6 19 2 6~ 
RSN 25 II 22 11 61 2 14 7 35 3 52 

! I 
3 55 
2 i6 

1 l 19 
9 25 
2 25 
2 4[1 
2 2.~ 

RSN 2 I ?1 2 6 2 9 I 60 2 3a 2 58 
RSN 60 3 88 2 64 2 25 1 38 1 77 1 20 
RSN 12 2 20 8 20 14 15 2 15 5 78 2 50 
RSN 87 2 3 2 4 2 90 1 8 2 79 2 85 
RSN 63 2 43 2 72 1 47 2 18 2 4 3 54 
RSN 34 l 6 1 78 l 18 1 57 I 36 2 5 
RSN 21 l 62 I 67 2 39 l 34 7 42 I 67 
RSM 79 l 37 1 bl 1 36 1 i·6 1 68 
RSN 17 4 85 4 59 4 85 2 ~8 00 
RSN ?5 3 ?5 2 3 1 l b-:i .2 bS ~·l1 
PSN 81 2 ? 2 55 2 10 l a~ ~ 29 
PSN 29 10 63 ~3 14 20 4 i5 !4 :~G 
RSN 25 3 25 ? 25 10 25 14 22 ~ 22 

15 

• .:; ~· -J 

1 12 
I 17 
1 '8El 
1 15 

15 25 
5 25 
1 i? 
2 l? 
2 22 
5 20 
1 35 
7 45 
2 2 
2 43 
1 11 

81 
1 

26 
? 4i 
8 22 

12 15 
f 70 
.) 26 
5 22 
1 19 
2 55 
2 ?4 
2 33 
.3 14 
1 53 

1 76 2 
2 70 1 
l 24 1 
1 bi.:) .-J 

9 22 15 
3 29 9 

9 
2 91 2 

12 15 8 
3 85 3 
3 14 2 
1 22 6 
8 29 11 
8 19 ? 
I 69 1 

4 
.2 57 ., 

1::i 10 L.J 1~ ~J'j 

9 

RSN 5 l 14 4 48 2 82 2 56 2~1 1G ~~?J 1·3 1S 
RSN 32 2 ?1 33 10 j0 2 35 3~ 12 2~ 
RSN 3? 2 14 6 48 ? 56 2 22 13 59 
RSN 92 2 ?3 1 34 6 68 8 35 0 4 
RSN 59 . 8 84 28 1 45 l .32 2? 
~SH 23 l 64 5 l 49 1 58 ?4 
~SN 4 7 84 2 47 1 25 13 22 ? 
~SN 51 2 21 2 66 1 48 3 24 2 89 

"'** ZFMRCHA3.14, !4. 14.14. ]4, !4. 14. i4, 14) 

2 j.::l 
8 40 

'.::12 i <:.n:; 9:: i E'::t 
2 29 12 15 1 ! 33 11 29 

51 l 19 4 19 8 ?? 

RCT 92 92 8 17 3 70 286 8 4 

*** 2FMRL I <A3. A 10. A 10, A 10. t'\10) 
Rlll637R60812 280303 

*** 2Ft-iPLH CA3, 16 ( 14)) 
RUi 

*-2 FMR FT (A 3, 9( !5)) 
RFT 525010135 0 525010045 
RFT 1900 8300 0 1900 8210 
RFT 1900 4300 0 1900 4210 
RFT 1900 9300 0 1900 9210 
RFT 1900 1300 0 1900 ?210 
RFT 5250 2060 e 5250 2090 
RFT 1300 3300 0 1900 3210 
RFT l90El 6300 8 1980 6210 
RFT 1980 2308 0 i908 2218 
RFT 5250 3090 0 5250 3000 
RFT 1900 5380 0 1900 5218 
RFT 4300 6300 0 4400 6300 
RFT 4400 6308 8 4500 6380 
RFT 3000 9500 0 3080 9608 
RFT 3000 9700 0 3000 9800 
RFT 5650 4900 0 5650 4808 
RFT 4600 4300 0 4500 4300 
RFT 4500 3300 0 4600 3300 

0 
0 
0 
0 
0 
0 
0 
0 
8 
e 
0 
0 
0 
0 
0 
0 
0 
0 

07-03-76 

3 
IS 
16 
21 
29 
:>8 
41 
44 
60 
67 
69 

6 
6 
2 

36 
40 
52 
52 

0 
0 
0 
0 
0 
0 
0 
0 
8 
8 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
8 
0 
~j 

6 
t:J 

8 
13 
0 
•3 
0 
0 
0 
0 
0 

l 
2 
2 



RFT 4100 6300 
RFT 34B0 9600 
RFT 4300 i'B00 
RFT 4500 4Bl'l0 
RFT 451'l0 3000 
RFT 34B0 9500 
RFT 2450Hl400 
RFT 34M 6301'l 
RFT 5650 2090 
RFT 3400 3300 
RFT 3400 2300 
RFT 3400 ?300 
RFT 5650 3090 
RFT 4000 4300 
RFT 41300 3300 
RFT 4300 4300 
RFT 4300 3300 
RFT 4600 ?300 
RFT 4500 430i3 
RFT 4100 4000 
RFT 4500 3300 
RFT 4100 3000 
RFT 431'l0 8i300 
RFT 325010400 
RFT 245010055 
RFT 5650 4000 
RFT 5650 i'001'l 
RFT 5650 6000 
~FT 5650 3000 
<FT 6 100 2000 
<FT 4300 8300 
<FT 4500 4080 
~FT 4500 3000 
<FT 2350 8300 
<FT 2350 4300 
<FT 2350 9300 
~FT 2350 5300 
~FT 3000 2090 
~FT 1900 9090 
RFT 1900 8090 
RFT 3000 ?090 
RFT 1900 4090 
RFT 3000 6090 
RFT 1900 5B90 
RFT 3000 3090 
RFT 150010055 
RFT 4400 ?300 
RFT 4100 6000 
RFT 6100 2M0 
RFT 2450 4000 
RFT 2450 ?300 
RFT 2450 ?300 
RFT 2450 3000 
RFT 2450 3300 
RFT 2450 3300 
RFT 2450 6300 
RFT 2450 6300 
RFT 1900 9000 
RFT 2450 6000 
RFT. 245EI 2000 
RFT 2450 2000 
RFT 1900 8000 
RFT 2450 5000 
RFT 2450 2300 
RFT 2450 2300 
RFT 2450 ?000 
RFT 2450 ?000 
RFT 2450 6000 
RFT 4200 Bl'l00 
RFT 4000 3000 
RFT 4000 4000 
RFT 4100 BEl00 
RFT 325010400 
RFT 6El00 23El0 
RFT 2450 3000 
RFT 63El(l 2000 
RFT 19ElEl 6090 
RFT 2350 23El0 
RFT 1900 ?090 
RFT 400010?50 
RFT 5250 4000 
RFT 4100 8300 
RFT 4500 4000 
RFT 4000 4000 
RFT 2350 3300 
RFT 1900 9090 
RFT 2450'5300 
RFT 2450 4300 
~FT 190EI 809~ 
~FT 4i'00 3300 
<FT 15fl0 6000 
~FT 4?00 5000 
~FT 4500 8000 
~FT 4600 8000 
~FT 4?0EI ?300 
~FT 4?00 8000 
~FT 2250 3300 
~FT 1500 2210 

0 430El 6300 
0 3400 9800 
El 4500 ?000 
0 4?00 4000 
0 4?00 3000 
(j 3400 9i'00 
0 245010600 
0 34130 6090 
0 5650 2300 
0 3400 3090 
0 3400 2090 
0 34(10 ?090 
0 5650 3300 
0 4[108 4008 
0 4800 3000 
0 4300 4000 
0 4300 30(l0 
8 4300 ?300 
8 4580 4000 
0 4100 4300 
0 4506 3000 
0 4100 3300 
0 4600 l::ltJl'.ltJ 
0 325010055 
[J 245010400 
0 6000 4000 
0 6000 ?000 
0 6000 6000 
0 6000 3Eli30 
0 b2th3 23012:1 
0 4?00 8300 
0 4100 4000 
0 4100 3000 
8 1900 83[J(l 
0 190(l 4300 
0 1900 9300 
0 1900 5300 
0 3400 2000 
0 1500 9000 
0 1500 8000 
0 3400 ?000 
0 1500 4000 
0 3400 6000 
0 1500 5000 
0 3400 3000 
0 125010300 
0 4600 ?000 
0 4600 6000 
0 5650 2090 
0 1900 4000 
0 1900 ?30[J 
0 30€10 ?300 
0 3000 3000 
0 1900 3300 
[J 30013 3300 
0 1980 6300 
0 3000 6300 
0 2450 9000 
0 3000 600(l 
0 1900 2000 
0 3000 2000 
0 2450 8000 
0 190(l 5000 
0 1900 2300 
0 3flEl0 2300 
0 190El ?000 
0 3000 ?000 
0 1900 6000 
0 4500 8300 
0 46(l0 3000 
0 4600 4000 
0 4i'Ofl 8000 
0 350010?50 
0 6300 2000 
0 1900 3090 
0 5650 2000 
0 2350 6300 
0 1900 2090 
0 2350 ?308 
0 4000,10055 
0 5250 3300 
0 4500 8000 
0 4500 3300 
0 4000 3300 
0 1900 3000 
0 2450 9300 
0 1900 5090 
0 1900 4090 
El 2450 8300 
0 5250 3090 
0 1500 5210 
0 460(l 4300 
0 4400 ?300 
(j 4?00 ?300 
El 420EI ?000 
0 4600 ?3EIEl 
0 1500 3210 
0 2250 2300 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
(j 

0 
0 
0 
0 
0 
0 
0 
(j 

0 
0 
0 
0 
0 
0 
0 
El 
0 
0 
0 
0 
0 
0 
0 
0 
e 
0 
0 
i3 
0 
i3 
0 
0 
0 
0 
0 
El 
0 
0 
0 
El 
El 
El 
13 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1::1 
0 
0 
0 
0 
0 
0 
0 
0 
0 

6 
40 
45 
52 
52 
62 
62 

8 
12 
19 
34 
42 
68 

6 
6 
9 

20 
25 
52 
52 
52 
52 
55 
61 
62 

? 
28 
31 
4? 
12 

52 
52 
15 
16 
21 
69 
1? 
18 
26 
32 

4 
48 
54 
63 
40 

5 
58 
12 
13 
29 
29 
30 
41 
41 
44 
44 
513 

1 
56 
56 
Si' 
59 
60 
60 
66 
66 

1 
45 

6 

25 
61 
68 
3B 
68 
43 
46 
33 

22 
5 

52 
6 

24 
18 
54 

4 
26 
6? 
62 
52 

5 
55 
55 
25 
40 
40 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
f.l 
0 
0 
13 
0 
0 
0 
I] 

fl 
0 
0 
0 
0 
0 
El 
El 
0 
0 
13 
\] 

0 
El 
0 
0 
0 
0 
El 
0 
0 
0 
El 
0 
0 
0 
0 
0 
0 
El 
El 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
El 
0 
0 
B 
0 
0 
0 
0 
0 
0 
0 
0 
El 
0 
0 
0 
0 
0 
0 
0 
0 
0 

El 
0 
0 
0 
0 
0 
0 
8 
0 
8 
0 
13 
8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
13 
0 
E1 
0 
0 
0 
0 
0 
0 
0 
8 
0 
0 
0 
0 
0 
El 
El 
El 
0 
El 
0 
0 
0 
0 
0 
13 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8 
0 
El 
0 
0 
0 
0 
0 
0 
0 
(j 

0 
0 
[j 

0 
0 
0 
0 
0 
0 
El 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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'<FT 2250 ?300 
RFT 1500 6210 
RFT 4i'fl0 4300 
RFT 5250 4800 
RFT 5250 4900 
RFT 1500 3000 
RFT 230010055 
RFT 4300 6000 
RFT 6200 2000 
RFT 2250 4300 
RFT 1500 3300 
RFT 1580 9090 
RFT 4100 ?300 
RFT 2250 8300 
RFT 1500 8090 
RFT 4100 6300 
RFT 1500 ?090 
RFT 2250 5300 
RFT 4?00 50013 
RFT 4?00 6000 
RFT 1500 5090 
RFT 4100 9300 
RFT 1500 ?210 
RFT ! 500 32 10 
RFT 2250 6300 
RFT 6300 ?000 
RFT 4400 4300 
RFT 4200 4000 
RFT 4200 9300 
RFT 1500 9300 
RFT 4400 8000 
RFT 1500 8300 
RFT 2550 9000 
RFT 2550 8000 
RFT 2550 ?000 
RFT 2550 6000 
RFT 2550 5000 
RFT 2550 4000 
RFT 2550 3000 
RFT 150fl ?000 
RFT 2250 93fl0 
RFT 1500 5210 
RFT 1500 82 10 
RFT 1500 ?300 
RFT 1500 5300 
RFT 6300 40013 
RFT 1500 4300 
RFT 1500 6300 
RFT 5250 2300 
RFT 2550 2000 
RFT 2550 ?000 
RFT 6000 4300 
RFT 1500 2000 
RFT 1500 4090 
RFT 5650 2fl00 
RFT 4200 8000 
RFT 4100 5300 
RFT 4500 bl:ll::ltJ 
RFT 165010300 
RFT 245010055 
RFT 1500 ?000 
RFT 285010600 
RFT 4100 5000 
RFT 3400 9?00 
RFT 4600 3000 
RFT 5250 4900 
RFT 3400 9600 
RFT.285010600 
RFT 4400 5000 
RFT 3000 3000 
RFT 4i'00 6300 
RFT 2250 9300 
RFT 4?00 i'000 
RFT 6300 6000 
RFT 4i'0010i'50 
RFT 400010055 
RFT 4600 6000 
RFT 4600 9300 
RFT 4200 4000 
RFT 4280 6000 
RFT 6fl00 ?300 
RFT 4?00 9300 
RFT 3000 9?00 
RFT 6300 3000 
RFT 400010055 
RFT 6000 6300 
RFT 3000 6000 
RFT 2450 4000 
RFT 4400 8300 
RFT 4300 4300 
RFT 2250 5300 
RFT 4300 3300 
RFT 2450 5000 
RFT 525010045 
RFT 3000 2000 
RFT 3000 ?000 
RFT 2450 8000 
RFT 3000 9500 
RFT 2450 9El00 

0 1500 ?210 
0 2250 6300 
0 5250 4000 
0 5650 5300 
0 5?50 530B 
El 1500 2090 
0 205010?50 
0 5250 613013 
0 5250 2000 
0 2250 3300 
0 1500 2300 
0 151'l0 8090 
0 4100 6300 
0 2250 ?300 
0 1500 i'09El 
0 4100 530El 
0 1500 6090 
0 225(l 4300 
0 4?00 60130 
0 4?00 ?008 
0 15138 4090 
0 3400 9601'l 
0 1508 621El 
0 1500 2210 
0 2250 5300 
(j 6000 6300 
El 4400 3300 
0 4200 3000 
0 3400 9500 
El 1500 830El 
El 4100 ?3El0 
0 1500 i'300 
0 2550 8000 
0 2550 ?000 
0 2550 600El 
0 2550 5000 
0 2550 4000 
0 2550 3000 
(j 2550 2000 
0 1500 6000 
0 2250 8300 
El 15013 4210 
0 1500 9210 
0 1500 6300 
0 1500 4300 
0 6000 3300 
0 1500 3300 
0 1500 53(l0 
0 6300 2300 
B 1500 2000 
0 1500 i"01::1<J 
0 6050 530El 
0 1500 3090 
0 1500 3000 
0 5650 3090 
0 4300 ?000 
0 4000 4300 
0 4400 ?000 
El 1500 9300 
0 2550 9000 
13 150(l 8210 
0 400010?50 
0 4400 60013 
0 245010055 
El 5251'1 2300 
0 4400 4300 
0 2250 9300 
0 165010300 
El 4600 6300 
0 4200 3300 
0 4200 ?300 
El 15001flEl55 
0 4400 8300 
0 5650 500El 
0 565010045 
0 565010135 
El 5250 49El0 
0 3000 9500 
0 5250 4800 
0 5250 ?000 
0 5950 53130 
0 3000 9?00 
0 1500 9090 
0 6150 5300 
0 4400 8000 
0 6300 4000 
0 4600 5000 
0 4200 5000 
0 4?0010?50 
0 45El0 ?300 
0 565El 490El 
0 4100 ?000 
0 440El 3000 
0 6300 ?000 
El 4300 5000 
0 4400 4000 
0 4500 5El00 
0 1500 5090 
0 4200 4300 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
El 
El 
0 
0 
0 
0 
0 
0 
0 
0 
0 
13 
0 
0 
0 
0 
0 
0 
0 
El 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
El 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
El 
El 
0 
0 
0 
13 
0 
0 
0 
(j 

0 
0 
0 
0 
0 
El 
0 
0 
0 
0 
0 
0 
El 

40 
40 
22 
14 
58 

2 
39 
51 
38 
40 

6 
36 

6 
40 
36 

6 
36 
40 
~·;o 

52 
2 

40 
40 
40 
40 

3 
58 
14 
62 

6 
6 
6 

62 
62 
62 
62 
62 
62 
62 
62 
40 
62 
62 

6 
6 
3 
6 
6 
6 

62 
be 
11 
62 

2 
68 
45 

6 
64 

6 
62 
62 

6 
35 
62 

6 
58 
40 

6 
65 
30 
49 
40 
52 
3? 
52 

6 
58 

2 
14 
10 
53 
36 
36 
27 

6 
3 
1 

13 
52 

9 
4El 
20 
59 

3 
56 
66 
5? 

2 
50 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
El 
El 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
El 
0 
0 
0 
0 
0 
0 
0 
0 
0 
13 
0 
0 
0 
0 
0 
El 
El 
0 
1::1 
0 
0 
0 
El 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
El 
0 
El 
0 
0 
0 
0 
El 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
El 
0 
0 
0 
0 
0 
El 
0 
0 
0 

0 
0 
0 
0 
0 
0 
El 
0 
0 
0 
El 
0 
0 
0 
El 
El 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
El 
0 
0 
0 
0 
0 
El 
(j 

0 
El 
0 
0 
0 
0 
0 
0 
0 
1::1 
El 
0 
El 
0 
0 
0 
0 
0 
0 
0 
El 
0 
0 
El 
El 
0 
0 
El 
0 
0 
El 
El 
El 
0 
El 
El 
0 
El 
0 
0 
0 
0 
0 
0 
0 
0 
0 
El 
0 
0 
0 
0 
El 
0 
El 
0 
0 
0 



RFT 4?00 836l1 
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t1 6166 23£1(1 
=1 ....1.?1~1fJ C1u::·S 
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Figure 5. The ARAC Problem Design File 
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Figure 6. Etch Artwork for the ARAC Problem 
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Figure 8. DEC 2 Composite Checkprint 
. ; 

; 

··---·-·--- ·---- ·--------·---'---·----' __ ; ___ ,_; ---\ 

~:;. .:..• ·'.3 t) f-~ ,--. 

~--1 \.(! ~·· !-._, (t 

RLL .. ECON .. BA2 1?50 3915 2 1 i2 30 f.l 

RLL .. t::CON <-BHI 1?5tl' 3915 1 I t2 31 B 

RLLICI 24BB !50f.l El I I 32 I 

ZFMRSG<A3, 120, 2A 10, 16, 2A10l RLLIC 15 5900 4200 0 t 9 33 I 

RSG M'r'LES w. SPt'lNN JR. I RLL .. ECON .,BS! 1750 5665 I I ·t2 34 B 

*** RLL .. ECON <-AA2 1750 1165 2 I 12 35 0 

ZFHRDS<A3, 2A10.ALA6, 3A 113J RLL.-ECON <-t'lAI li'50 1165 1 I 12 36 0 

RDSLEA76-2005-215 07- !.3-7PAR [TY GEN, LS I 11.BOARD RLLIC5 2400 2400 0 1 5 37 1 

**"' RLL.,ECON <-BUI 1750 5915 l 1 1.2 38 0 

ZFMRi:<TCA3, 61'110:. RLL+ECON <-BP2 1750 5415 2 1 12 39 0 

RDTDOUBLE HE!GHT ,EXTENDED LENGTH RLL+ECON +BPI 1750 5415 1 I 12 40 0 

*** RLL .. ECotl <>BH2 1?50 4665 2 I 12 41 0 

ZFhRBGCA3, 12, IL [LIL 15, 15, 15, J5, J5, 15, i5, JS, i5, i5, JS, 15) RLL<-ECON .-BHI 1?5B 4665 I 1 12 42 0 

RBG 6112 IB00 l000 9430 6190 1900 1200 9000 5990 !?50 1000 9430 15190 RLLIC9 2400 330l1 0 I 5 43 i 

*** RLL<-ECOtl +AP2 1750 C.bb'::J 2 I 12 44 0 

ZF~IRLL\H3,i'llEL JS, 15, 12, 12, I 10, ! 1>3, 2:-;, tX, 10X,A3l RLLIC 11 5900 3300 0 l 6 45 l 

RLL.-ECot~ .. BS2 1750 5665 2 1 12 I 0 RLL<-ECON .. AH2 1?50 1915 2 1 12 46 0 

RLLiC 16 7600 4200 0 1 Hi 2 1 RLLIC 18 4150 5100 0 1 8 4? 

RLL+ECON ~BK2 1750 4915 2 l 12 3 0 
RLL.-ECON <'-8~ 1 1750 4915 1 l 12 4 0 RLLIC20 ?600 5100 0 1 8 48 l 

RLL+ECON <-BC2 1750 4165 2 l 12 5 0 RLLC19 2000 4000 0 2 13 49 I 

RLL.-ECOfl <-BC! i750 4165 1 l 12 ,; 0 RLLIC14 4150 4208 0 1 8 50 1 

RLLIC2 4250 1500 0 1 2 7 l RLLIC4 7750 1500 0 1 4 51 1 

RLL+ECON +fi52 175El 2915 2 l 12 8 •:l RLL.,.ECON +BV2 1750 ,;040 2 I 12 52 0 

RLL+ECIJN ~AS1 1?50 2915 1 1 12 9 0 RLL .. ECON .. Bvt 1?50 6040 l 1 12 53 0 

RLL+ECON +Ak2 1750 2165 2 l 12 10 0 RLL<-ECON <-BN2 1750 5290 2 1 12 54 El 

RLL+ECON <',fi~;1 1750 2165 I 1 12 II 0 RLL<-ECON <-BNI 1750 5290 1 l 12 55 0 

RLL+ECON <-AC2 1750 1415 2 1 12 12 El RLL+ECON +BF2 1750 4540 2 I 12 56 0 

RLL+ECON .. AC I 1750 1415 1 1 12 13 0 RLL<-ECON +BF! 1750 4540 1 1 12 57 0 

RLLCl8 2000 1300 El 2 13 14 1 RLLlCB 7750 2400 0 1 7 58 1 

RLLIC6 4150 2400 0 I 6 15 1 RLL<-ECON <-AV2 1750 3290 2 I 12 59 0 

RLL+ECON <-BR2 1750 5540 2 l 12 16 fl RLL .. ECON .. AV! 1750 3290 1 1 12 60 0 

RLL .. ECON <-8R1 1750 5540 1 l 12 17 0 RLL"ECON <-AN2 1750 2540 2 1 12 61 0 

RLL<-ECON <-BJ2 1750 4790 2 1 12 18 0 RLL .. ECON +AH! 1750 254'3 1 1 12 62 0 

RLL+ECON "BJ! 1?56 4796 1 I 12 19 0 RLL .. ECON <-AF2 !?50 1790 2 1 12 63 0 

RLL<-ECON .. BB2 1750 4040 2 I 12 20 0 RLL .. ECON <-AF! !?50 1790 I 1 12 64 0 

RLL<-ECOH .. BB! !?50 4040 i I 12 21 0 RLLIC10 4150 3300 0 I 6 65 1 

RLL!Cl2 7750 3300 0 l ? 22 I RLLIC 17 2400 5100 0 1 5 66 1 

RLLIC 19 6300 5100 0 1 II 23 l RLL<-ECON +AP! 1?50 2665 1 I 12 67 0 

RLL.-ECON .. AR2 1750 2790 2 l 12 24 0 RLL .. ECOH <-BU2 1750 5915 2 1 12 68 0 

RLL+ECON .. ARI 1750 2790 I 1 12 25 0 RLL<-ECON <-AHi 1750 1915 1 1 12 69 0 

RLL+ECON +AJ2 l/'50 2040 2 l 12 26 0 RLL.,ECON <-8M2 1750 5165 2 1 12 70 El 

RLL<-ECON +AJ1 1750 2040 1 1 12 2? 0 RLL .. ECON "BM! !?50 5165 I I 12 71 0 

RLL<-ECON +AB2 1750 1290 2 1 12 28 0 RLL,.ECON .. BE2 1750 4415 2 I 12 72 0 

RLL+ECON +fiB1 1750 1290 I 1 12 29 0 RLL<-ECON .. BE! 1750 4415 1 I 12 73 0 

36 
RLL<-ECON <-AU2 1750 3165 2 1 12 74 0 



RLL+ECON +AUi 1756 3165 
RLLtECON tAM2 1756 2415 2 
RLL+EC8N +RMI 1750 2415 I 
RLLIC3 6000 1500 0 l 
RLL+ECON +RE2 1?50 1665 2 
RLL•ECON •AEI 1?50 1665 I 
RLL i Cd 2400 420tl 0 
RLLtECON t8T2 1?50 5?9B 2 
RLL•ECON •Bl"! 1?50 5790 I 
RLL i Ci 59BB 24013 0 
RLL•LCON t8L2 1750 5040 2 
RLL•'ECoti •BL l i ?50 5>340 1 
RLL~ECON t8D2 1750 42~0 2 
RLL•ECON •BDI 1750 4290 
RLL.,ECON +HT2 1?5>J 31:l4B 2 
RLL•ECON •~Tl 1750 :040 
RLL•ECON +AL2 1?50 22JO 2 I 
RLL~ECOti ~~LI 1758 ~2~0 
RLL~ECON ~AD2 1750 15~8 2 
RLLtECON tHDl 1?50 154U 

*** ZFt-:PF'.VU·13 .. 2 ( !2 ... 15 .. iS .. I5 .. I5)) 
RRV U !000 1@00 1625 1 lilb 0 1>300 
RPV t1 iu!JO 3480 i1:)25 385i~1 0 lOSLI 

**''' ZFhRDV(A3 .. Al[: .• i 10 .. D< .. i~< .. 1010 
RL1V"'ECON ~£;~;2 
RDVIC16 
RI1\/t:-EC"Ofl ~8:<2 
RD\/~ECO~l ~81", i 
RD\.-~:-:=:cotl -<-EJC2 
RDV~[COrl •.·8C l 
RDVIC2 

:i.2 

i2 
12 
12 

2 

RDWECON ""AS2 12 
RD~+ECON •AS! 12 
RDV<-ECON +RK2 12 
RDV+ECON +Rkl 12 
RDV•ECON <-AC2 12 
RDV<-El-Oli <-AC i 12 
RDVC 18 13 
RD~IC6 6 
RDV•ECON t8R2 12 
RDV<-ECON <-BR 1 12 
RDV<-ECON •8J2 12 
RDV.,.ECON t8Jl 12 
RDV<-ECON t882 12 
RDV•ECON •BBi 12 
RDVIC12 ? 
RDViCl9 11 
RDV<-ECON •AR2 12 
RDV<-ECOH <:-AP 1 12 
RDV<-ECOrl <-AJ2 12 
RDV<-ECON <-AJl 12 
RDV<-ECO~i tA82 12 
RDV•ECON •A81 12 
RDV<-ECON +BA2 12 
RDV+ECON +BAI 12 
RDVICI I 
RDV!Cl5 9 
RDV<-ECON +851 12 
RDV•ECON <-AA2 12 
RDV•ECON •AA! 12 
RDVIC5 5 
RDV•ECON •BUI 12 
RDVtECOrl +BP2 12 
RDV•ECON <-BPI 12 
RDV•ECON •BH2 12 
RDV•ECON <-BH 1 12 
RDVIC9 5 
RDV+ECON +AP2 12 
RDVIC 11 ti 
RDV<-ECON '°AH2 12 
RDViCi8 8 
RDVIC26 8 
RDVC19 13 
RDViC14 8 
RDVIC4 4 
RDV+ECON <-BV2 12 
RDVtECON <-BVl 12 
RDV•ECON <-BN2 12 
RDV+ECON •8Nl 12 
RDV<-ECON •BF2 12 
RDV•ECON <-BFI 12 
RDViC8 ? 
RDWECO~I <-AV2 12 
RDV<-ECOrl <cAl/1 12 
RDl/<-ECON <-Al-12 12 
RDV<-ECCtN +A~U i 2 
RDV•ECON .,_AF2 12 
RDV•ECOH +AF! 12 
RDVIClB 6 
RDViCI? 5 
RDV<-ECON •AP I 12 
RDV<-ECON <-BU2 12 
RDV+ECON •AHi 12 
RDV<-ECON <-BM2 12 
RDVtECOH .,_BM! 12 
RDV<-ECON <-BE2 12 
RDV<-ECON ""BEi 12 
RDV<-ECON <-All2 12 

I··~ G 
/t.3 a 
i ( 'j 

;:s f:'J 
;::;~:.r ! •! 

81 
tj2 n 
o . .:. 0 
U"-1 

Gr;. t::1 

nu 1::1 
:,:') ,3 
~IU U 
~ l ,3 
~;? Li 
'....i3 ij 

:J .;~ fj 

!725 :3480 
!?:;:5 b190 

RDV~ECOri u 1 
RD\r•.·t:CCitl 1-12 
RDV,·ECuti 1-11 
RDVIC3 
RDV.,ECOH "eiE2 
RDlt<-F:CDri •HE 1 
RDV!Ei3 
RDl,".'ECOr1 .,.BT::'. 
RD".:·.:t.C0!·1 't"t:i 1 1 

RDliifJ 
RD~·~ECiJ~i ..-E:L2 
RDV•.·ECIJri +-8Ll 
RDV.;.ECC.1rf ~ti():2 
RD\r.._·t:c~-.::1ri .,..8fi i 
RDV,·EC1Ji·I .,AT::'. 
RDV~EC Oi··1 +A! i 
l<D\!.,.ECiJri +e1L2 
RDV<'-ECC1r1 .-AL 1 
Rt1\i-::·ECOi'-l "t'HI12 
RDV'"'"ECOi-i f-~tli 1 
**i'. 
ZFt-;1::·TDlA3 .. Aiti .. I10 .. I3 .. !3) 
RTDSM8T38t3b.IC 103 

i03 
10.:; 
ltl3 
26~~ 

.::o::::: 
103 
2133 
:,:oa 
:!,;jf~! 

~+t1.2 

1 
i 
l 
1 
4 
4 
2 

RTI•':ri?" 4f30Hi..iC 
RTD'~·N( ·'.l::::2r-il:JC 
RTI•:oN:c:80 !AlJC 
RTI1£it·1t::'83tihLJC:· 
RTIJSN;;.:.i-1 r:Sr1L,JC 
RTL1S~·l< 4 l 80t'it...iC 
RTD[W18136riWC 
RTDSLJD!Pl6 
RTD~[J iP lb68fj 
RTI1SwD iP8 
RTDDECE[H~ECDrl 
RTDCAPTAtffB 

'5 7.2 
b l :2 

*** ZFhRP~:(H3 .. I2 .. I10 .. i10,. 13 .. I4,. !3 .. I3 .. i 16,.AlG,. 5X) 
RPKlC 0 8 2 3i 2 
RPk18 0 0 ~ 32 2 
RPK16 0 0 2 7 B 2 0 0 ??B 300 
RP~ 8 8 0 2 27 27 2 
RPVO l 0 080tl EDGECOH 
RPk 2 B 6 0 16 16 

*** cFh1'PF<:A"3, 4(!4.i4,!2.!2. 2:";, !:<)\ 
RPF 600 :~00 Q G 8 ~00 ?08 8 0 ~ 400 300 8 0 8 
RF'F 2lnJ 3(tfj 8 f:) t: i !_Hj ~1~0 8 0 t:: l:J ._:,iJ~] 8 1~ :?. 
RPF n~1Ct ~j C: fj 8 .. '.Ol: 0 :3 1-1 -' -:1J1.~ _ ~-:: ,:, b 
P.PF ':i8'3 0 ;j El t.:;Ul:t H d 13 Li (·3tj i--J t• f;J :j 

RPf 786 ?00 ~ B b G~u 300 ~ u 8 S8u 308 8 u b 
RPF 300 300 8 G 8 280 300 8 ~ 8 108 38~ 8 B 8 
RPF ~ 0 8 0 8 100 0 8 0 8 200 0 8 0 G 
RPF 400 Q 8 ~ 8 500 e 8 6 8 606 0 8 0 8 

RPF 
RPF 
RPF 
RPF 
RPF 
RPF 
RPF 
RPF 
RPF 

*** 

850 0 8 0 8 
?ti0 300 8 0 8 
300 3'2P3 8 0 8 

8 B 8 B 8 
400 0868 
300 300 8 0 8 

0 0 8 B 8 
0 016 l 
0 B 8 0 8 

850 300 8 0 8 
60[1 3f36 i?i !J 8 
.20~j 3fjlJ 8 ij s 
100 6 8 0 8 
500 B 8 6 8 
200 300 8 6 8 
1El0 0 8 B 8 

700 6 8 0 8 

cFhRPE ;"A3. 3 r. i2, i4. i4. 14. 14. lX.' i 

580 
1t1Li 
20tl 
600 
!BB 
2BB 

3f~l0 8 ~3 8 
306 :3 !--_! :3 

B 8 0 8 
B 8 B 8 

300 8 B 8 
0 8 0 8 

RPE OSG459B45 ~9~ 45 09345 255 795 45 
RPE (iJ('.14'591~j45 f;~1~ ..:+5 8~U4'5 25~1 t:~S 4:-1 
RPE (j·:;iu4:5~iJ~5 r-'4j ..:f"S t!~)04:i ..;:55 7 4::1 ..:+::i 

RPE !J:>.::r4596.:.+5 :.;~::) .::+5 0St.J4'5 255 345 ..:+'.::i 

*** 

u J \j 1j 
:i[J:) J:J ,·, fl 
? St:J ~t:"J'3 :3 'd ':i 
4f'.)!:i 3-'.:1f:1 8 u -:: 

1=1 31=iO 1:1 1~ :j 
:.[1;j fj 8 :J 
i·:_:,(l tJ :j Lj \::! 

40t3 
1j 

30d 
?00 

0 
300 

8 8 8 tj 

0 8 0 8 
3BB 8 0 8 

B 8 0 8 

ZFra~RIJ ( H.:.; .. I.3. I3 .. I2 .. 12 .. I 1.. i2 .. 12 .. i4 .. 4X~ 4>< ... 2;~~ 2X~ 2X) 
RRU02G016690023699200B 
RRL02~01509G0236992000 
RP~650Gi60980399993060 

*°MW 

ZFl-1R:SD(H3,A1Q, I 10, l 10. 13. 
RSDBDAL02L 1 
RSDRD803 1 
RSDBDHL!3L 1 
RSDBGILBGOL l 
RSDBKILBkOL 1 
RSDDIN 1 
RSD6S 113R I 11 l 1 
RSDGND 3 
RSD14P2S??R?7 l 
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RStl :5 ~~t, 1 133 l 58 -:. 33 ( d 15 I 84 G5 • 45 I 
RSN 2 1 43 12 3 l 2 9 47 12 23 
RSH 2 3 84 4 Bl 3 47 15 58 5 22 
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ZFl1RCT<A3, 14. jd, i4. !4. 14. 14, 14. 14, 14) 
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*** 2FM;;:FT<A3, 9 ( l5)) 
RFT 2600 1800 8 2500 1800 
RFT 4650 4200 0 4750 4200 
RFT 5980 4280 8 6088 4280 
RFT 6081'.J 4200 8 6100 4200 
RFT 6100 4200 0 6200 4200 
RFT 6200 4200 0 6380 4200 
RFT 6300 420•3 E1 6400 4200 
RFT 6400 5100 0 6500 5100 
RF'r 6500 5 100 0 66()0 51 U0 
RFT 6400 5180 0 6300 5100 
RFl ?700 5100 0 7800 5100 
RFT 7800 5!80 0 T900 5180 
RFT 7900 5100 0 8000 5100 
RFl. 8000 5180 0 8!80 5100 
RFT 8100 5100 0 8200 5100 
RFT 8150 1808 B 8250 1800 
RFT 6500 420tl i..1 6Sf1tt 4200 
RFT 4450 15i:1!3 8 4;.'jO !500 
RFT 4650 1580 :J 4'"·0 b00 
RFl 1750 2?90 .2 1~50 2915 
RFT 1?50 2415 2 1750 2540 
RFT 3100 24::;0 U 3250 2400 
RFT 3100 33U0 0 3250 3300 
RFT 3100 4200 O 3250 4200 
RFT 3180 5100 8 3250 5100 

RFT 4850 5 100 
RFT 4850 4200 
RFT 4858 3300 
RFT 485tl 24tl0 
RFT 4850 1500 
RFT 6600 1500 
RFT 6?50 2400 
RFT 6750 3300 
RFT 8350 1500 
RFT 8500 2400 
RFT 8500 3300 
RFT 8300 5 !El0 
RFT 8200 5400 
RFT 8000 5400 
RFT ?800 5400 
RFT 4?50 1800 
RFT 8200 5400 
RFT 4750 5400 
RFT 8050 2700 
RFT 7750 3300 
RFT 2500 1800 
RFT 8200 5100 
RFT 2008 4[100 
RFT 2000 1300 
RFT 3000 180(t 
RFT 2400 2400 
RFT 2408 33013 
RFT 2400 4200 
RFT 2400 5100 
RFT 8500 2?00 
RFT 3000 1800 
RFT 4650 1808 
RFT 4?50 4200 
RFT ??50 2?00 
RFT 5900 3600 
RFT 2400 1500 
RFT 2400 4500 
RFT 4150 5400 
RFT 4350 1800 
RFT 3150 1800 
RFT 2500 1800 
RFT 2500 2700 
RFT 2500 3600 
RFT 25E10 45EJ0 
RFT 50M 1800 
RFT 6?50 1808 
RFT 7?50 3608 
RFT ??50 WOO 
RFT 2000 4?00 
RFT 2400 1800 
RFT 4550 3600 
RFT 4150 4500 
RFT 175B 1415 
RFT 6750 3600 
RFT 5900 2?00 
RFT 2400 4500 
RFT 2400 5400 
RFT 4?50 4200 
RFT 5000 3600 
RFT 4150 2700 

RFT 2400 2700 
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RFT 415EJ 4200 
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0 8450 5400 
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RFT 3100 4200 
RFT 2400 3600 
RFT 3250 5400 
RFT 4850 5 100 
RFT 4850 2700 
RFT 4850 4200 
RFT 6750 2700 
RFT 4850 3300 
RFT 3250 4500 
RFT 4850 2400 
RFT 6750 1500 
RFT 8500 1800 
RFT 6750 2400 
RFT 8500 1500 
RFT 3250 2700 
RFT 8500 2400 
RFT 5000 2700 
RFT 4450 3600 
RFT 4250 4500 
RFT 4150 2480 
RFT 5900 2400 
RFT 5000 27i'l0 
RFT 2400 2700 
RFT 6400 4200 
RFT 2400 2700 
RFT 2500 1800 
RFT 6750 1800 
RFT 2400 5400 
RFT 2400 1500 
RFT 1750 1915 
RFT 6600 5100 
RFT 7950 2700 
RFT 7850 2700 
RFT 8100 4200 
RFT 8350 3300 
RFT 5900 2400 
RFT 4750 4500 
RFT 3100 4200 
RFT ?600 5100 
RFT 4550 1500 
RFT 175•:J 2040 
RFT 4450 3300 
RFT 2800 5400 
RFT 4550 3300 
RFT 4250 3600 
RFT 2900 1800 
RFT 4550 4500 
RFT 2700 2700 
RFT 5000 1500 
RFT 6750 151'l0 
RFT 3251'l 5101'l 
RFT 3100 5400 

RFT 2800 2700 
RFT 2900 2700 
RFT 4250 3380 
RFT 2600 2400 
RFT 2900 3600 
RFT 6200 4500 
RFT 6300 4500 
RFT 5900 4500 
RFT 6100 4500 
RFT 6401'l 4500 
RFT 6000 4500 
RFT 6300 541'l0 
RFT 2800 2400 
RFT 4150 241'l0 
RFT 6400 1800 
RFT 4650 5400 
RFT 4750 3600 
RFT 4850 2700 
RFT 2800 3300 
RFT 3000 2700 
RFT 2700 5100 
RFT 4550 2400 
RFT 3100 2700 
RFT 2800 4500 
RFT 2600 2700 
RFT 4750 3300 
R'FT 4350 4500 
RFT 6500 3600 
RFT 8150 2700 
RFT 2600 3600 
RFT 5900 4500 
RFT 2900 2400 
RFT 2500 3300 
RFT 2500 2400 
RFT 3100 4500 
RFT 6400 5400 
RFT 2800 1800 
RFT ?850 3600 
RFT 2?00 4200 
RFT 3000 5100 
RFT ?600 4200 
RFT 1750 4?90 
RFT 6000 3300 
RFT 4450 4200 
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0 4850 2400 
0 4150 4500 
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0 6?50 2400 
0 8500 2700 
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0 4250 5400 
0 4150 3300 
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0 2900 3300 
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0 4650 5100 
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0 48 
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0 69 
0 57 
0 67 
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0 
0 
0 
0 
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0 
0 
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0 
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0 
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I 
1 
1 
1 
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0 
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a 
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0 
0 
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0 
0 
0 
0 
0 
0 
0 
0 
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0 
0 
0 
0 
El 
0 
0 
0 
0 
0 
0 
El 
0 
0 
0 
0 
0 
0 
0 
0 

RFT 6500 2400 
RFT ?950 3600 
RFT 4250 4200 
RFT 7700 4200 
RFT 1?50 4665 
RFT 6000 3608 
RFT 6600 54013 
RFT 4?50 5100 
RFT 6500 5400 
RFT 4550 5100 
RFT 27813 33013 
RFT 1?50 5540 
RFT ?800 4200 
RFT 6600 36fl0 
RFT 4250 150El 
RFT 61300 2°400 
RFT 65El0 270El 
RFT 4350 5 100 
RFT ?9El0 4200 
RFT 4550 1800 
RFT 4350 1500 
RFT 44513 5400 
RFT 27013 2400 
RFT 1750 5040 
RFT 4750 2400 
RFT 6000 2700 
RFT 1 750 4540 
RFT 4250 5400 
RFT 4150 5100 
RFT 6300 3600 
RFT 4250 2400 
RFT 4750 2780 
RFT 6300 2700 
RFT 4250 2700 
RFT 6200 2?00 
RFT 3000 1500 
RFT ?950 2400 
RFT 8250 2400 
RFT 6500 4200 
RFT 6200 2400 
RFT 8150 2400 
RFT 6300 2400 
RFT 8050 2400 
RFT 61300 3600 
RFT 6000 2700 
RFT 6000 3300 
RFT 6000 2400 
RFT 6300 3300 
RFT 6500 3600 
RFT 65130 2700 
RFT 6500 2400 
RFT 6200 3600 
RFTt3200 3300 
RFT 4850 5400 
RFT 4550 2?00 
RFT 4450 2701:l 
RFT 1750 1790 
RFT 4450 2400 -ZF~iRWS<A3, 1205)) 

0 ?950 3300 
El 6500 4500 
0 6300 4500 
0 6500 5408 
2 31130 3600 
0 8150 3300 
0 4450 5100 
0 29130 450•3 
0 4250 5100 
0 260B 4500 
e 1750 491s 
2 3!100 420~] 

e 6400 5400 
0 8300 4500 
0 6600 180B 
0 7850 3300 

0 8350 3600 
0 2500 4200 
0 6300 5400 
0 4150 4200 
0 2400 2400 
0 2800 4200 
0 1750 4415 
2 3000 3300 
0 7850 2400 
0 8250 3600 
2 3000 2400 
0 770t1 54~30 
ti ?6€10 5100 
0 4650 540B 
0 ?750 2400 
0 8350 2700 
0 4?50 51El0 
0 8250 2700 
0 4550 5100 
0 4250 4500 
0 4?50 3600 
0 4?50 3300 
0 2900 5100 
0 4350 5100 
0 4250 3300 
0 4450 5400 
0 4250 3600 
0 27130 5400 
0 2700 4500 
0 26013 5100 
0 2600 4200 
0 2800 5100 
0 3000 5400 
El 3000 4500 
0 2900 4200 
0 2600 5400 
El 2500 5100 
0 1750 2665 
0 7900 5400 
0 81El0 5400 
2 8350 1800 
0 83130 5400 

0 71 
0 79 
0 18 
0 28 
0 45 
•3 5~J 
0 12 
0 !5 
0 28 
0 31 
2 11 
fj 35 
0 ? 
0 10 
0 7i' 
0 73 

0 44 
0 24 
0 42 
El 23 
0 66 
0 39 
2 1 
0 78 
0 69 
0 41 
0 f.8 
0 4( 
0 2.3 
0 6i 
0 ?2 
0 81 
0 15 
0 (b 
0 31 
0 47 
0 64 
0 48 
0 49 
0 24 
0 51 
0 39 
0 56 
0 59 
0 41 
0 53 
0 73 
0 32 
0 27 
0 44 
0 71 
0 82 
0 17 
2 38 
El 26 
0 43 
0 6.3 
0 67 

RWS 17513 4415 2 El 
0 
9 
0 
9 
9 
9 
El 
9 
9 
0 
9 
9 
9 
9 
0 
0 
9 
0 
9 

I 0 
4 270 
1 0 
4 270 
3 180 
2 9El 
3 180 
4 2?0 

99 
62 

0 
324 
450 

22?6 

RWS. 1849 4415 2 
Rt.JS 1849 4353 2 
RWS 2700 2400 2 
RWS 2700 2076 I 
RWS 2250 2076 2 
Rt.JS 2250 4352 1 
RWS 28130 2401:l 2 
RWS 2800 20?6 1 
RWS 4550 2El?6 2 
RWS 4550 2400 2 
RWS 45513 2324 1 
RWS 5803 2324 
RWS 5803 4000 
Rt.JS 4550 4000 
RWS 1 750 5?90 
RWS 1849 5790 
RWS 1849 5728 
RWS 280& 11400 

Rt.JS 21~27 RI.JS t 17 
Rt.19 11' 9.8 
Rt.19 18 279' 
RWI 1849 2728 
RIJS 1758 2915 
RWS 1849 2915 
Rt.JS 1849 2853 
RWS 1850 2?17 
RWS 1921 2717 
RWS 1921 2852 
RWS 1851:l 2352 
RWS 1850 24?? 
RWS 1750 2415 
RWS 1849 2415 
RWS 1849 2353 
RWS 1750 2540 
RWS 1849 2540 
RWS 1849 2478 
RWS 1850 2335 

2 
1 
2 
2 
2 
2 
2 
1 
\ 

t 
2 
2 
2 
2 
1 
2 
1 
1 
1 
2 
2 
2 
2 
2 
2 
I 

i 
9 
0 
0 
9 
0 
9 
9 
0 
0 
0 
0 
9 
0 
0 
9 
0 

400 
324 

1 0 1758 
2 90 324 
4 21;8 
i El 

90 
180 
90 

0 
270 

2 
3 
2 
1 
4 
1 
2 

i 
l 
1 
I 

0 

19e 

2~ 
271 

0 
0 

4 2?0 
1 0 
1 0 
2 90 
3 180 
4 2?0 
2 90 
1 0 

2?0 
0 
0 

270 
0 
0 

4 
1 
1 
4 
1 
1 

;::·r::; 
i25.3-
lb?6 
1253 
200 

99 
62 

0 
327 

9Y3 
I 

'e 
99 
62 

0 
71 

135 
71 
17 
2 

99 
62 

0 
99 
62 

0 
?1 

Figure 7. DEC 2-hi (Double Width) Design File 
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36 
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0 
0 
0 
0 
0 
0 
0 
0 

1 
l 
l 
1 
1 
1 
1 
2 
2 
2 

0 
0 
1 
0 
1 
1 
1 
0 
1 
1 

f'.1 2 0 
e 2 1 
0 2 1 
0 2 1 
0 2 1 
0 3 0 
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APPENDIX I. RECORD DESCRIPTION EXCFRl>TS FROM THE 

Vff", IIJrl 9-7-?t· L,JGC 

slDEr•;'·r :;:,J'.1 (~T~1 
·t:~::; -1''.::. I -r'l' L 
't'":; r'':. I.1 E ~ i-1 
*'_::;·y'==.tiDI~ 
*ii ·:,EP·:, 
$.-~'.~. -r::;Tit~f="~j 

H' F'.t-,-:i-_IF'-l' TiF'E FOUrm IN .. -_, HE In'iTH E:i:r=:E U 1CH i'AUET m:IJJl,i DEF2~E ·- ·-1 [l 
It-·J[l_UJ:r it-·jG FU1~:F·ci·=;[ 1?F -~'.LI_ PI1 i'.ZPD). FIELD LDC(1TICll'i~ i:_ lt. _ 
NA~FS r_ AND PUPPUbE F EACH FILED CZPD>. 

~"°'bG 
2:St<f3.:-102f-i 
ZSf 19n·-:,ri 
z~.K4~itJ r:.~·1 

: I>ASLU>B 
D6f1 lS 
2405N 
5405ti 

0?131~: 

29135H 
59135N 

lj::IfJ 1 s 
3405rl 
6405rl 

ZTMBTYPE BSHAPE BORENT BL AYER 
ZTMBXMAX BYMAX PXMIN PYM IN 
ZTt-iR:<t·I IN R'r'~l IN R><MA>< RY~IAX 

09ll5rl 
3905t-l 

BXMIH 
P>:t·IAX 

ZRD RBG BOARD GEOMETRY DEFINITION 

l,\1'.15H 
.4, .. lor:iH 

B'r'l'1IN 
P'rMA>< 

ZDC BTYPE RBG BOARD TYPE CODE - IMPLIES BOARD GRAPHICS FOR 
ZDC STANDARD TYPES. 
ZDC BSHARE RBG 2 BOARD SHAPE CODE 
ZDC BOR~NT RBG 3 BOARD ORIENTATION 
zrn: 8LH'r'ER RBG 4 NIJt·IE:EF: OF COt1DUCTOR FOIL LA'r'ERS 
ZDC 87~IN RBG 5 DIMENSIONS OF THE RECTANGLE 
2DC .. tf·rt-1H·J PGG 6 l;JH rc·H COt-iTA It-iS THE OUTEPt--1DST 
ZDC BX~~X RBG ? GRID SQUARES OF THE PHYSICAL 
ZDC 8'd-iH>< F:E:1:; 8 BOARD. 
2DC PXMJN RBG 9 DIMENSIONS OF THE PERIPHERY 
2DC PYMIN RBG 10 OF THE PLACEMENT RECTANGLE 
ZDC R>:~lii?< RBG 11 <AREA L,JITHIN L,JHICH DEVICES 
ZDC P'r~~X RBG 12 CAN BE RLACEDl. 
ZDC F:i:t·I IN F'BI~ 13 DI l'IENS IONS DF THE PEF: I PHEF:'y' OF 
2DC RY~IH RBG 14 THE INTERCONNECTION RECTANGLE 
2DC R'..~i·iA:< RBG 15 (AREA WITHIN lJHICH FOIL PATHS CAN 
ZDC R'r't·IA>< RBG 16 BE ROUTED). 

DB 
DB 2 

DB -· 
DB •l 
DB ::·1 

DE: 6 

+ 
+ 

DB 

+ DB 
+ DB 

DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
[lB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 

clfl 

41 

57 

6 
62 
63 
64 
65 
66 
6? 
68 
6~:-j 

?O 
71 
/•") 

'~ 
?3 
?4 
?5 
?6 
?? 
?8 
?9 
80 
81 

(---------------------------------------------------------------------
( 

*RCT 
ZSk0404N 
2Sl<,2ta34rl 
2 Tf-iC TL E i:; (1 L 
2Tt·ICTHO[!f~; 

ZF:D 
ZRD 
2RD 
ZL>C CTLEG~1L 

ZDC CTDEI/ 
ZDC CTF'l,,G 
ZDC CTDTrP 
ZDC CTF:c:ET 
ZDC CTSIGST 
ZDC CHIODES 
ZDC PFCT 
ZDC PECT 

:DASLLDB 
0804N 
32Cklrl 
CTDE'/ 
PFCT 

PCT 
PCT 
PCT 
RCT 
RCT 
PCT 
PCT 
PCT 
RCT 
RCT 
RCT 
RCT 

2 
3 
4 
5 
6 
? 
8 
9 

ROUTELIB ACCOUHTING*UNBOUHD 
1204N 1604N 213El4N 2404N 
361.:i4rl 
CTPl<G CTDTYPE CTRSET CTSIGST 
PECT 

THIS IS THE READIN OF THE COUNTS OF THE LEGAL 
UJCAT!OrlS AND OF THE PACkAGE T'r'PES AHD OF THE 
DEVICE TYPES. ETC. 
NUMBER OF LEGAL LOCATIONS 
NUMBER OF DEVICES 
NUMBER OF DIFFERENT PACKAGE TYPES 
NUMBER OF DIFFERENT DEi/ICE TYPES 
HUMBER OF WIRING-RULE SETS 
NUMBER OF SIGNAL SETS 
HUMBER OF NODES IN ALL SIGSETS 
HUMBER OF FOOTPRINTS 
NUrlBER OF PAD ENVELOPES FOR ALL DEVICE TYPES 

+ 

(---------------------------------------------------------------------
( 

*RDS :DASLLDB ROUTELIB BOARD *UNBDUND 
2Sk8428A 24El!A 2586A 3i38A 
2:Tl1BNUf·IBER BREV BREVDAT ONAM 
ZRD RDS PROBLU·I IDErlTIFICATION ENTR JES 
ZDC BNIJ~IBER F:l•S BOARD rlUMBER 
ZDC BREI/ RDS 2 REVISION LETTER 
ZDC BF' El/DAT RDS 3 REI/IS ION DATE rlMDDYY 
ZDC CltlAf·I F:DS 4 DRAL,JJNG TITLE 
(---------------------~-----------------------------------------------
( 

*RDT 
ZSK0461JR 
ZTMDTE><T 

:DASLLDB ROUTEL 18 BOARD *UNBOUND 

ZRD PDT PART OF BOARD IDENTIFICATION 
ZDC DTE/T PDT 1 DESCR I PT! \iE TEXT SUPPL I ED B'i USER 
(---------------------------------------------------------------------
( 

*RDV : DASLLDB ROUTELIB DEVICE *UNBOUND 

40 

DB 
DB 
DB 
IiB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 

DB 

DB 
DB 
DB 
DB 
DB 
DB 

DB 

DB 
DB 
DB 

DB 

82 
83 
84 
85 
86 
8? 
e.8 
89 
90 
9 l 
92 
93 
94 
95 
96 
9? 
98 

99 

101 
106 
107 
108 
109 
1 JI) 

111 

113 
114 
115 

l 16 



Sf<G41 f=1fi 

Tt-INi i~ r·iE 
PD 
DC 
DC i>t'..vi-' i"F-' 
DC DlliUNDER 
DC 
DC I,RLUt1DR 
DC DEL hT 
DC 

l 41>3N~'PTr, 240 1 cl :·<250 HI 1<26 !DN :•: 
DEVPTP D~~NDEP DRLUNDR DELI ST 

PDV I1~ViCF T~RLE E~lTRIES 
p[1i/ 

1?I.iV 
,, 

PIN 3 
RD\/ 3 
RD\/ 4 
F' [J\/ 5 
PD\! 5 

I'E'.i 11:E l'E1'E~'Eii<:E lli.lllE , lD CHiWACTEF'~;) 

~01NfER fO DEVICE T\PE ~8LE ENTRi 
CODE WHICH INDICATES IF ROUTING IS ALLOWED 
UNDER DE\/ICE 
CURRENTLY UNDEFINED 
POINTER TO 8 OR LESS LOGICAL OP ELECTRICAL 
ELEMENTS PER DE\/ICE 

F:OU L ! D 

·f~:FT ; fi~:ic::1 __ l __ 1·:t:: F·OUTEL IE 1;JI1-~:Lt~'ATH ·t:Uf·ll:iOUr·1fi 
=·:,1 1:lclD'" l D 1 o~\:::riooo 
=Tr· 'i~F:Cii" 1: -: FF-:C1r··i\ F F:Cit-'i:::'. TO\' TOZ 
:T111:1·:, ir;· ,1:T F r::rnTu·:, 

2:[.11= FF'Or-1:< 
c.:.u1_ f="f~'UIT1 

.-:111_ 1(1,"-. 

2'.L1C ro·r 
2[11~ TC1Z 
2DC: FT·:; 11:.;~:;ET 
ZDC FT''· iHTUS 
2DC 
ZDC 

f''FT 
F:FT 
F:FT 
F'FT 
RFT 
RFT 
RFT 
F:FT 
F'FT 
1:·FT 

4 
5 
6 
7 
8 

9 

FPOl·ITO FD ItlT-TO-F'O iclT IriTERCIJllllECTICIN ["3CF' 
FPOM POINT X LOCATION 
FROM POINTY LOCATION 
FFOli FOINT ~ LOC~TIOt~ 
TO POINT X LOCATION 
TO POINT Y LOCATION 
TO POINT 2 LOCATION 
FROM-TO SIGNAL SET NUMBER 
STATUS CDI;E FOR FROl"ITCI 13 ROUTED 

IJHf:'OUTED 
2 Df'Ci~1f·IPIJSED 

A t-11a111::.P 1 u Hr-~u 1 Ht:.F FPrn--110: r:- 11-.'~..=;T i:-·1.:~or--110 OF 
C::.VL 

2DC 
ZDC 
ZDC 
ZDC 

PFT 
F:FT 
F'FT 
F'FT 
PFT 

I•ECC1i·IF'C1':,1T1m1 [HH!Ci IF 1c-r:,Tfff1J::,<'. HE><T 
I•EPi\/ATil,.-'E FF'Olrrn 11·1 A l't.Cl]fiF'l]S•!TiDil CHHIN IF 
FTc•TATU':i~O OF' 1. IF FT1"0I11T~O .. THEii THI:3 FF'Cll·1TO 
h THE Ell!, Liiii. I fl A DECOliPO"• I Ti Ol·I CHH 11·1 OR 
THEF'E I~: clO L'ECIJf·IPOS• ITIOll OF TH 1:3 FPOl1TO. 

(---------------------------------------------------------------------
( 
*RLH :DnSLLDB POUTELIB WIPERATH *UNBOUND 
ZSK04041 0116ZDOOO 
ZHIH I'c:T 
2~:11 

ZDC HIST 
2DC 
2DC 
2DI~ 

2DC 
2DC 
lDC 

RLH 
RLH 
F:LH 
RLH 
RLH 
PLH 
RLH 
F:LH 

POUTED LAYOUT HISTORY 
A L l c;T OF UP TO i 5 liODULE NUMBER~•. EACH OF 
WHICH REPRESENTS A SUPERVISOR ROUTINE WHICH 
HAS PROCESSED THE DESIGN FILE DATA AS THIS 
DATA WAS RECEIVED FROM THE PREVIOUSLY LISTED 
SUPEPVISOR. THESE MODUl_E NUMBERS ARE LISTED 
IN THE ORDER OF APPLICATION OF THE 
ASSOCIATED SUPERVISOR ROUTINES. 

(---------------------------------------------------------------------
( 

*RLI :DASLLDB 
2Sk:8410H i4iOA 
ZTl"IWHENDON WHODID 
ZPD PL! 
ZDC WHENDON RLI 
ZDC RLI 

ROUTELIB W!RERATH *UNBOUND 
24iOA 
RTnETHD 

34iOA 

ROUTED LAYOUT IDENTIFICATION 
WHEN THIS PCB ROUTED LAYOUT DESCRIPTION WAS 
ADDED TO THE DESIGN FILE. THIS IS THE REF 

+ 
+ 

ZDC PL! DESIGNATOR FOR THE LAYOUT. CHARACTER STRING + 
ZDC RLI OBTAINED FROl-1 ORDERLIB ROUTINE CLOCK! WITH + 
ZDC RLI i"IACHINE DESIGNATOR ADDED --- + 
ZDC PL! HH TIME IN HOURS + 
ZDC PL! HHl"li"IXYNNDD X MACHINE DESIGNATOR + 
ZDC PL! Mf-1 Til·lE Il·I f·I IHUTES + 
ZDC F:L I NN MCitlTH OF 'r'EAR + 
ZDC PL! DD DAY OF llOHTH 
ZDC RL! Y LAST DIGIT OF YEAR 
ZDC WHODID RLI 2 USER NUl"IBER OF PERSON WHO RAN THIS LAYOUT 
ZDC RTMETHD RLI 3 METHOD USED TO CREATE THIS LA'r'OUT <0 --> UNKl 
ZDC VERSION RLI 4 A 10 CHARACTER STRING CONTAINING THE DATE OF THE 
ZDC RLI S\'STEM RELEASE WHICH LJHS USED TD CALCULATE TH IS 
ZDC RLI DESIGN FILE SECTION UPDATE. 
(-------------------------------------------------------------------
( 
( 

DB ? 
DB 8 [,,, s 
I'E: ,-, 
IiE: l 
DB 2 
DB 3 
DB 4 
DB 5 
I•8 6 

*RLL :DASLLDB ROUTELIB BOARD DB 127 
ZSK0410A !405N 1905N 2402S 26025 2810NPRPK + 
ZSK3B10NPRDVR4802N X5001N X5110! X6103A 
ZTMLLNA/'"1E LEGX LEG'r' LEGL'r'RC LORENT LPKGTYP + DB 130 
ZT/'"1LOCCUPY' LDEVCOD LOCSTAT LSRARE P INTAG DB 131 
ZRD RLL LEGAL LOCATION DESCRIRTION--WHERE IS SITE + DB 132 
ZRD RLL THAT COULD BE OCCUPIED BY A DEVICE, AND WHAT+ DB 133 
ZRD RLL OCCUPIES THAT SITE NOW. + DB 134 
ZDC LLNAME RLL SYMBOLLIC "NAME USED TO REFERENCE THIS LEGAL + DB 135 
ZDC LOCATION DB 136 
ZDC LEGX RLL 2 X ORDINATE OF REFERENCE POINT FOR LEGAL + DB 137 
ZDC LOCATION(MJLS) DB 138 
~DC LEGY RLL 3 Y ORDINATE OF REFERENCE POINT FOR LEGAL + DB. 139 
2DC LOCATION(M!LS) DB 140 
2DC LEGLYRC RLL 4 LA'r'ER ON WHICH LEGAL LOCATION OCCURS (0=>ALU DB 141 
2DC LORENT RLL 5 ROTATIONAL ORIENTATION CODE FOR LEGAL LDC DB 142 
lDC LRKGTYP RLL 6 DEVICE TYRE CODE SPECIFYING WHAT PACKAGE 
ZDC TYPE OR TYRES ALLOWED TO OCCUPY THIS LEGAL + DB 144 
ZDC LOCATION CREF TO PACKAGE Tr'PE l DB 145 

E''lff 



ZDC LOCC UP'/ 
ZDC 

RLL ? REFERENCE TO DEVICE CURRENTLY ASSIGNED TO + DB 
OCCUPY THIS LEGAL LOCATION DR 

ZDC LtiE\ICOD 
ZDC 

RLL 8 FUNCTION CODE FOR DEVICE ASSIGNED THIS LOC 
(EG CAP.·PESISTOR. DIODE. ETCl 

ZDC LOCSTAT 
ZDC 
ZDC 
ZI•C LSPARE 
ZDC PINTHG 

9 OCCUPHNCY' STATUS OF DEVICE PRESENTi · .. •·-·~ .,·,~;:::••+ DB 
TO THIS LEGAL LOCATION. (PERMANE!11 ,.r , LHCE-+ DB 
MENT--CAN DEVICE BE RELOCATEDl DB 

10 P~J:"C:Cl.JTI .... ' '' '' •. - . .- ..... r- T r-1 ... 

RLL 11 

POUTELIB PACVAGES 
1004N l 4D'1H l :C1fl4N fl 10310001 
TE\l'i11 IM TEV>:i·IAX TE\1'1'MAX 

~RPE 
;:::~Vfl4fl2c< 

2'Ti·ITE~i\IZ 

2'Pf! 
Z:F'D 
ZR!i 

; I•ASLLI.<B 
0604N 
TEV><t-11~1 

F:PE 
RPE 
PF'E 
PPE 
F·'F'E 
F:PE 
RPE 

PAD Etll/Ei.1JF'E LOCATIOilS FOP A PACY.At~E T'i'PE + 
LOCATION OF CORNERS OF PECTANGLElSl CONTAIN- + 
HlG PAIJS 
NOTE THAT UP TO 3 PAD ENVELOPE DESCPIPTIONS 
MAY APPEAR ON AN RPE CARD 
PAD ENI/ELOPE LAYER NUMBER ZftC TEt'!\-'Z 

~f1C rE·1·. ·i 1IH 
ZltC 
~DC 

2 OFFSET OF LOWER LEFT CORNER OF PAD ENVELOPE + 
FROM PACKAGE TYPE REFCPENCE POINT ASSUMING NO+ 
ROTATION. (MIL~<) NEGrHil/E ENCODED 'iALUE IF + 

ZDC .GT. 9000. TO FIND SUCH NEGATIVE OFFSETS--
ZDC TRUEOFF = 9000 - TEVXMN 
ZDC T.E\IYMIN RPE 3 VERTICAL OFFSET OF LLC OF PAD ENVELOPE 
2'DC TEV'.".t-1A?< RPE 4 HORIZONTAL OFFSET OF UPPER RIGHT CORNER OF PE 
ZDC TEV·r·~1A:•: t<~to 5 VERTICAL OFFSET OF UPPER R iGHT CORNER OF PE 
( --- - - - - - - - - ----- - ------------ - -- - - -- _· ___ - ----- - - - --------------- - -~ 
( 
( 

o<RPF ; r-.ASLLDB ROUTEL 18 PACk:AGES 
ZSK0404N 0804N 1202N 1402N 16B2N X01B42D001 
ZTMPFX PFY PFPADEX PLAYER PFPADIN 
ZRD RPF DETAILED PAD INFORMATION 
ZDC PFX RPF X-OFFSET OF PAD FROM PACKAGE REFERENCE POINT 
ZDC PFY RPF 2 Y-OFFSET OF PAD FROM PACKAGE REFERENCE POINT 
ZDC PFPAnEX RPF 3 EXTERIOR 'PAD SHAPE CODE 
ZDC PLA~EP RPF 4 PAD LAYER CODE 
~UL PFPADIN RPF 5 INTERIOR PAD CODE CJF ANYl 
(-------------------------------------------------------------------
( 
( 

orRPI 
ZSt<0403A 
Z Ti-10 Li TTY F' 
ZRD 
ZRD 
2:I"C OIJTT'r'P 
~[JC FLDP~<H 

;DASLLDB 
0?£t2 I 
FLDPSN 

RPI 
RPI 
RPI 
RPI 

ROUiELIB PROMPTS 
BI 10ZD00 I 

DEFINES A TABLE OF DESCRIPTIVE RECORD TYPES 
FOR $ID SECTION OF ROUTE INPUT FORM 
RECORD T1'PE TO "RECE !\IE PROl"IPT HIPUT DATA 

2 FIELD POSITION HI OUTTYP RECORD FOR DATA 
(-------------------------------------------------------------------
( 
( 

*RPK 
ZSK0402N 

. ZSK3603N 
ZTMPFOOTCT 
ZTi·1PDP I LL 
ZRD 
ZDC PFOOTCT 
ZDC PFOOTF'T 
ZDC 
ZDC PEN VP TR 
Z[lC 

: DASLLDB ROUTEL IB PACKAGES 
0610NPRPF 1610NPRPE 2603N 
3916N 5510APRLL 65051 
PFOOTPT PENVPTR PENVCT 
PSHADOW AGRGAT PSPARE 

2904N 
x 

PKGCODE 

RPK PACKAGE T'r'PE TABLE ENTR !ES 

3303N · 

PS ILK 

RPK I NUMBER OF FOOTPRINTS FOR THIS PAO'.i~GE TYPE 
RPK 2 POINTER TO FIRST FOOTPRINT DESCRIPTOR IN 
RPK 2 FOOTPRINT LIST 
RPK 3 PO INTER TO 1 ST PAD EfNELOPE FOR TH IS PACKAGE 
RPK 3 T'T'PE . 

+ 

+ 

+ 

ZDC PEM\/CT RPK 4 PAD EMVELOPE COUNT******ALSO ON RTD AS SDEVCT* 
ZDC RPK 
ZDC PkGCODE RPK 
ZDC PS ILK RPk 
ZDC PDRILL RPI< 
ZDC PSHADOlcl RPK 
ZDC RPK 
ZDC AGRGAT RPK 
2DC RPk 
ZDC PS PARE RPK 

4 
5 
6 
7 
8 

9 

10 

******** PACKAGE TYPE NUMERIC DESJGNfHION CODE 
SILK SCREEN SY't·1BOL CODE 
DRILL CODE FOR HOLE 
RECTANGLE CORNERS OF SHADOW CAST B"r PART****** 
SHOULD BE 4 SEPARATE VARIABLES***** 
SYt-IBOLL JC REFERENCE TO AGGREGATED DEVICE TYPE 
GROUP JN RLL RECORDS 
SPARE GRAPHICS POINTERS 

(------------------------------------------------------------------
( 
( 

*RPL :DASLLDB ROUTEL 18 PACKAGES 
ZSK04IOA 1410PRPK 
ZTMPKNAME PKPNTR 
ZRD RPL SUPPLEMENTARY INFORMATION TO RPK PACKAGE TYPES 
ZDC PKNAl1E RPI,. GENERIC NAME OF PACKAGE REFERENCED BY PKPNTR 
ZDC PKPNTR RPL 2 POINTER TO RPK RECORD NAMED BY PKNAME 

(---------------------------------------------------------------------
( 

*RPN 
ZSK0402! 
TMPPINNO 
ZRD 
ZRD 
ZDC PINNO 
ZDC 
ZDC PIHL TR 
ZDC 

:DASLLDB 
0602A 
PINLTR 

RPN 
RPN 
RPN I 
RPN I 
RPN. 2 
RPH 2 

ROUTELIB PROMPTS 
011320001 

DEFINES A TABLE OF MNEMONIC PIH NAMES AND 
CORRESPONDING INTERNAL NUMERIC REPRESENTATION 
STANDARD PIN NUMERIC DESIGNATOR - USED IN 
DESIGN FILE 
CONVENTIONAL PIN LETTER REFERENCE - NON 
NUl1ERJC 

DB 
DB 
l"B 
I•B 
flB 
DB 
VB 
DB 
DB 
DB 
DB 
DB 

DB 
DB 
DB 
DB 
OB 

DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 

DB 
DB 
OB 
DB 
.DB 
DB 
DB 

DB 
DB 
DB 

DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 

DB 

DB 

DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 

l4b 
1r1""" 

155 
15t'i 
157 
158 
15~1 

160 
i61 
162 
i63 
164 
165 
166 

167 
168 
169 
170 
171 

172 
173 
1?4 
175 
176 
177 
178 
179 
180 

181 
182 
183 
184 
185 
186 
187 

188 
18 
190 

192 
193 
194 
195 
196 
197 
198 
l~J9 

208 

2133 

208 
209 
210 
211 
212 
213 
214 
215 
216. 



(---------------------------------------------------------------------
( 

*RPR 
ZSl<'0401 I 
ZTt1PRE::.pc 
ZRD 
z~·D 
2'.DC PPE·',1·c 
ZDC p•_:, r·-;i-'C 
::::'.DC Ltl1:.TH 
ZDC Pr·I n~ LG 
;::'.[1[ 

2'.DC r·JE::,•:,t-41_:; 

-+--RPV 
;::sni4osr1 
ZTt-iF\iO II1 
ZRD 
ZRD 
ZDC P\/O ID 

:DASLLDB 
0501 I 
p•:,TSPC 

F'PR 
F:PR 
1':F'R 
PPR 
RPF' 
p~·p 

F't'F' 
F'PP 

. ., 
3 
4 
4 
5 

RDUTELIB 
0602! 
LrlGTH 

DEFiNES 
~IE%AGE 

PROMPTS 
0801 I 0%2A 
Pi·1TFLG ME%r~G 

A SINGLE LIHE OF AN OUTPUT PROMPT 

COUNT OF LINES SPACED BEFORE MESS~GE IS OUTPUT 
COUNT OF LINES SPACED AFfER MESS~GE IS OUTPUT 
rlU~18ER OF CHARACTERS IM r·tESSf<l~E 

A rlUMEP IC CODE l .• JH !CH DETf:RrllHES USE OF PROMPT 
MESSAGE \HEADER OR !•fHA HIPIJT i'POMPTJ 
t·1E%AGE TE,;T 

1DHSLLDB ROUTELIB BOARD 
Dl 12ZD001 

RPV DEFINES AREAS OF A PC BOARD IN WHICH PLACEMENT 
RP'./ IS rlOT ALLCll.dED 
PP'./ DE~;ep 18ES PLACEi·1Er!T VD ID 

(--------------------------------------------------------------------
( 
( 

*F:F:U :DASLLDB ROUTELIB l.JIRERULES 
2SKB403N 0?03N 1BB2N 1202N 1401S 1502N + 
2Skl?B2N 1904N 2304N X2704N X3102N X3302N x + 
ZSk3502N x N x 04N x N x s x s x 
ZTMRLANDl.J RSEPMIN RXTVIA RINVIA RI CON RVIA~IAX + 
ZTMRTURN RCONMAX RCONMIN RPARAL RSEPAR RVDRILL + 
ZTMRBPINS RUNDER RVIASEP RGROUrm RWIRE IT RMLTSOU 
ZRD RRU l.JIR ING RULE TABLE ENTRIES 
ZIJC PLArlf>i.,J F:RU LArH> 1_,Jf [1TH rn • •3.B 1 111CHE:3 
ZDC p~;f:f'l·IIN RF:U ., 

~1IM SEPARATiml BETl...IEEri ADJACENT LAMDS IN .001 
,Z[iC PRU ., HICHES 
ZDC R~:'.T\·1 I H PRU 3 VIA SHAPE CODE FOR EXTER !OR BOARD SURFACES 
ZDC R Irili!fi RRU 4 VIA SHAPE COl!E FOR INTERIOR BOARD SURFACES 
ZDC PICON RRU 5 !NTERCOrlMECT ION RULE CODE 
ZDC RVIAl1A>< RRU 6 MAXIMUr1 tlUMBER OF VIAS rn THE S !GrlAL SET 
ZDC RTURN RRU 7 TURN COUclT LIMIT FOR ENTIRE SIGNAL SET 
ZDC PCONi"iAX RRU 8 11AX LENGTH OF FOIL BETl.JEEN NODE PAIRS 
ZDC RCONi·il~l RRU 9 MIN FOIL LENGTH BETWEEN NODES 
ZDC RPARAL PRU 10 LENGTH OF MAX PARALLEL RUN AT MIN SEPARATION 
ZDC RSEF'AR RRU 11 POST-ROUTE 5EPARATION CODE FOR ARTWORK 
zoc RPU 11 OPTirlIZATIOH 
~DC RVDF: ILL RRU 12 DRILL CODE FOR SIGNAL VIAS 
ZDC RBP ms PRU 13 BETWEEN PIN ROUTING DISTANCE--MIN SEPARATION 
ZDC RRU 13 OF PINS 
ZDC RUNDER PRU 14 RELATIVE UNDESIRABILITY OF ROUTING UNDER 

DB 7 
DB 8 
[18 9 
DB 0 
DE: 1 
DB ,? 
I•E: 
DB 4 
DB 5 
DB 6 
DB 7 

DB 228 

DB 230 
DB 231 
DB 232 
DB 233 

DB 234 

DB 238 
DB 239 
DB 240 
DB 241 
DB 242 
D8 243 
DB 244 
DB 245 
DB 246 
DB 24? 
DB 248 
DB 249 
DB 250 
DB 251 
DB 252 
DB 253 
DB 254 
DB 255 
DB 256 
DB 257 
DB 258 

ZDC RRU 14 DEVICES DB 259 
ZDC RVIASEP PRU 15 MINIMUM VIA SEPARATION, MILS DB 260 
ZDC RGROUND RRU 16 11AXIMIZE AREA OF BOARD CONNECTED TO THIS NET DB 261 
ZDC Rl.d!REIT RRU i?. UMROUTABLE WIRES ON BOARD CAN BE CONNECTED DB 262 
ZDC RRU 17 USING DISCRETE WIRES DB 263 
ZDC Ri"1L TSOU PRU 18 MULTIPLE SOURCE GATES ALLOWED DB 264 
<-~------------------------------------------------------------------
( 
( 

*RRV :DASLLDB ROUTELIB BOARD DB 265 
ZSK0402S 0605N 1105N 1605N 2105N 01022D000 
ZTMBARZ BARXMIH BARYMIN BARXMAX BARYMAX DB 267 
ZRD RRV ROUTING VOIDS. AREAS OF BOARD THROUGH WHICH + DB 268 
ZRD RRV NO CONDUCTING PATHS ARE TO BE DEFINED. + DB 269 
ZRD RRV LOCATION OF CORNERS OF RECTANGULAR AREAS. DB 270 
< ******* RRV NOTE THAT UP TO 3 BARRIERS CAN BE DESCRIBED DB 271 
I RRV ON AH RRV CARD DB 272 
me BARZ RRV I LAYER OM WHICH BARRIER OCCURS (0 ·=> ALU DB 2?3 
ZDC BARXMIN RRV 2 LOCATION IN MILS BARRIER· LOWER LEFT X DB 274 
ZDC BARYMIN RRV 3 LOCATION IN MILS BARRIER LOWER LEFT Y DB 2?5 
ZDC BAR><MAX RRV 4 LJ)CATION IN MILS BARRIER UPPER RIGHT X DB 276 
ZDC BARYHAX RRV 5 LOCATION IN MILS BARRIER UPPER RIGHT Y DB 277 
(--------------------------------------------------------------------
( 
( 

*RSD 
ZSK04!0A 
ZSk4103N 
ZTMSIGNAM 
ZTMSPWIRCT 
ZRD 
ZDC S IGNAM 
ZDC SRULE 
ZDC 
ZDC SFIRSTH 
ZDC SNODECT 
Zl>C 
2DC SNODCOD 
ZDC SPREWIR 
ZDC 
ZOC SPWIRCT 
Zl>C SLENGTH 
Zl)C SVIACT 

: DASLU>B ROUTEL 18 CONNECT *UNBOUHD 
14!0NPRRU 2410MPRSN 3403N 3701N X3803H x + 

X4405N 
SRULE 
SLENGTH 

RSD 
RSD I 
RSD 2 
RSD 2 
RSD 3 
RSD 4 
RSD 4 
RSD 5 
RSD 6 
RSD 6 
RSD 7 
RSD B 
RSD 9 

X4903N X 
SFIRSTN SNODECT SNODCOD SPREWIR + 
SVIACT 

ENTRIES TO SIGNAL SET TABLES 
SIGNAL SET ALPHA/NUMERIC NAME 
POINTER TO WIRING RULE SET APPLICABLE TO THIS 
SIGSET 
POINTER TO !ST NODE IH LIST 
HBR OF CONSECUTIVE NODES IN NODE LIST FOR THIS 
SIGSET 
HODE LIST REPRESENTATION CODE 
FIRST PREDETERMINED WIRE IN THE WIRE SEGMENT 
TABLE 
PRE-WIRED SEGl"EHT COUHT 
TOTAL COHDUCTIHG PATH LEHGTH FOR THIS SIGSET 
VIA COUHT FOR THIS SIGSET 
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DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 

278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 



(--------------------------------------------------------------------
( 
( 
orRSG : DASLLDB ROUTE LIB C@~iECT *U~IBOUND 
ZSk0420I 2420A 44061 5020A 
ZTMODATE DPAWBY DWGDATE CHECkER 
ZRD RSG SIGNATURE DATA FOR DRAWING 
ZDC ODATE RSG DATE OF ORIGINATION 
ZDC DRAWDY RSG 2 DRAFTSMAN NAME 
ZDC N,11;DtHE PSG 3 DATE DRAl.0.IN 
ZDC CHEO'.EP RSG 4 NAi·IE OF CHECi<ER 
(--------------------------------------------------------------------
( 
( 

orPS~ :DASLLDB 
Z°:;tc040311 PD\/ 0?03~1 
ZTMSDEVICE SPI~lBR 

ZRD RSN 
ZDC SDEVICE RSN 
ZDC SPINBR RSN 2 

ROUTELIB CONNECT *UNBOUND 
01102DOOO 

SIGNAL SET TO DEVICE INFORMATION 
DEVICE TO WHICH SIGSET IS C0~1NECTED 
PIN ON DEVICE WHICH IS IN SIGSET 

(--------------------------------------------------------------------
( 

( 

*RTD :DASLLDB ROUTEL IB DEVICE 
ZSK8410A 1410MPRPK 2403N 2?03N 
ZTr-iDHiHl1E DTPACk DTCODE SDEVCT DTELEM DTPIMCT 
ZT~IDRATA DUN I TA Dl<'.ATB [>UN !TB PINTYPE PINLOAD 
ZT~IDEL T'rF'E DEL TIME DELPGCT flELPINS DISS IP 
ZPD PH• DEVICE TYPE TABLE EMTR !ES 
ZDC DTNAl-JE RTD DEVICE TYPE MAME- ll'l CHAR MAX 
ZDC DTPACI< RTD 2 PACkfiGE TYPE TABLE REF POINTER 
ZDC DTCODE RTD 3 DEVICE PACKAGE TYPE NU~1ER IC CODE 
ZDC SDEVCT RTb 4 PAD ENVELOPE COUNT FDR DEVICE TYPE*******SEE 
ZDC RTD 4 RPK PENVCT****** 
ZDC DTELEM RTD 5 NUMBER OF ELEMEMTS IN DEVICE 
ZDC D rp HiCT RTD 6 NIJMBER OF PINS IN DEVICE 
ZDC DRATA RTD ? DEVICE RATIMG PRIMARY 
ZDC DUMITA RTD 8 DEVICE RATING UNITS PRIMARY 
ZDC DR A TB RTD 9 SECONDARY RATING 
ZDC DUN !TB RTD 10 SECDNDARY RATING--UN ITS 
ZDC PINT'r'PE RTD 11 p IM TYPE CODE 
ZDC PINLDAD RTD 12 PIN LOADING IN STANDARD TTL ( 1. 6 MAJ LOAD 
ZDC RTD 12 UNITS 
2'.DC [JEL T'rPE RTD 13 ELEMENT T'r'PE CODE <FUNCTION) 
ZDC DEL TitiE RTD 14 PRESENTLY UrlUSED ELEMENT Tli1IMG FIELDS 
ZDC I1ELPClCT RTfl 15 NUMBER OF PIN GROUPS PER ELEMErlT 
Z!JC DELF' IrlS RTD 16 PINS IN EACH GROUP 
ZDC DISS IP RTD 1? POLJER D !SS !PAT ION OF DEVICE. NOMINAL IM 
ZDC RTD 1? 11ILL !WATTS 
(--------------------------------------------------------------------

*F'.l.JS 
ZSK04851 
ZTt-IL.UiDX 
ZTt-ISEGLGH 
ZTi-i 

:DASLLDB RDUTELIB WIREPATH 
8112ZD000 
lJENDY 
COPRWID 
TRAKWiD 

WENDZ VIAHERE 
TRAKWID CHAMFLG 
CHANFLG SIGSET 

*UNBOUND 

OF:'.NTCOD 
SIGSET 

ORNTDRG 

+ 
+ 

ZRD 
ZDC LJEND>< 
ZDC 1,JENDY 
ZDC l_,JENDZ 
ZDC PADCODE 
ZDC ORNTC.OD 
ZDC 

RWS 
RWS 
RI.JS 
RlJS 
RWS 
RlJS 
RWS 
RWS 

1 
2 
3 
4 
5 

STRAIGHT LINE WIRE SEGMENT DESCRIPTION 
SEGt-IEMT CENTERL !NE REFEREMCE EMD X LOCATION 
SEGMENT CErlTERL !NE REFERENCE END '( LOCATION 
SEGMENT CENTERLINE REFERENCE END Z LDCATION 
VIA PAD CODE FOR REFERENCE POINT (0 IF NO VIA) 
DR IENTATIOM CIJDE FOR WIRE SEGMENT --- 0 NONE, 

ZDC ORNTDRG 
SEGLGH 

ZDC CO.F'Rl,J ID 
ZDC TR Aki.cl ID 
ZDC 
ZDC CHANFLG 
ZDC 
ZDC 
ZDC 
ZDC 
ZDC SIGSET 
ZDC VIAHERE 
ZDC 

RL.IS 
RldS 
RWS 
RWS 10 
RWS 
RWS 
RWS 
RWS 
RWS 
RWS 
RWS 

6 
? 
8 
9 

11 
12 

1 RI GHL 2 UP, 3 LEFT, 4 DDL.IN •. 9 USE DRNTDRG 
WIRE SEGMENT DIRECTION IN DEGREES 
SEGMENT CENTERLINE LENGTH 
WIDTH OF COPPER FDIL CONDUCTING PATH 
WIDTH OF TRACK (COPPER PLUS SEPARrHION 
ASSOCIATED WITH THIS LAND) 
CHAIN FLAG WHEN 1 MEAMS NEXT WIRE REF END 
CDINCIDES WITH NON-REF END THIS SEGMENT. 
IF 0, THE END POINTS OF THE NEXT WIRE SEGMENT 
IN THE DESIGN FILE DD NOT COIMCIDE WITH 
EITHER END DF THE CURRENT SEGMENT. 
SIGMAL SET MBR FOR THIS SEGMENT 
A FLAG WHICH IMDICATES A VIA AT <WENDX,WENDY) 
WHEN 1. NO VIA IF •0. 

(--------------------------------------------------------------------
( 
( 

*LISR 
ZSK0420A 
ZTMUSERNAM 
ZRD 
ZRD 
ZDC USERNAM 
ZDC 
ZDC USERACC 
ZDC UNAMLGH 
ZDC USRPROC 

:DBSYSDRTA 
24021 
USERACC 

USR 
USR 
USR I 
USR 1 
USR 2 
USR 3 
USR 4 

USERS 
26021 28021 
UNAMLGH USRPROC 

DEFINES USER NAME AND SYSTEM PARAMETERS 
SPECIFIC TO USER 
10 CHAR NAME BY WHICH USER IS KNOWN TO THE DA 
SYSTEM 
MAX COMMAND ACCESS FOR CURRENT USER 
LENGTH OF USER NAME IN CHARACTERS 
NUMERIC USER CODE FOR COMMAND MACRO PROCEDURES 
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DB 296 

DB 298 
DO 2~)9 

DB 300 
DB 301 
DB .302 
DB 303 

DB 384 

DB 3~36 

DB 30? 
DB 388 
DB 389 

DB 310 
DB 311 
DB 312 
DB 313 
DB 314 
DB 315 
DB 316 
DB 31? 

DB 319 
DB 320 
DB 321 
DB 322 
D.B 323 
DB 324 
DB 325 
DB 326 
DE) 32? 
DB 328 
DB 3:29 
DB 338 
DB 331 
DB 332 
DB 333 
DB 334 
DB 335 

D.B 336 
DB 337' 
DB 338 
DB 339 
DB 340 
DB 341 
DB 342 
DB 343 
DB 344 
DB 345 



*ZCH 
ZSKfl41 fli'l 
2Tt·1CF'8L T-1" 
:CF'I• 
2:PL1 
2:F'L1 
~= ~· I.1 
,~1_11_ 1:::PF:L 
{------··-

: DB~;\'SDATA S'r'ST'r'PE 
D 1 e1?ZDGD0 

:CH DEFINES A LIST OF SUOCAPA81LITIES FOP A MAJOR 
::'1:H ·:;"r'o,TEi·I CAF'liE.: IL I T'i' • FOF' E'. .>11 IPl_E: THE U'i'iOUT 
/l_:H CAF'ri8ILiT'( 1:=; r-1ADE UF' Oi=- PLACE. F.:1JUTE .• tii"JI.1 
=(H GP~PHICS) 

=CH NAME OF H DATA BASE CHP~BILITt' 

~ZDC :DBSiSI1ATA SYSDEFN 
ZSV.651~~ 1G03A 20021 2599A 
ZTMFLDNAM PACKET FLDNBR REMARKS 
ZDC FLDNAM ZDC NAME OF FIELD TO BE DESCRIBED 
ZDC PACK~f ZDC ' CARD TYPE CODE OF RECOPD CONTAINING FIELD 
ZDC FLf1~jBR =nc 3 NUMBER OF FIELD ON RECOPD~ LEFTMOST IS FIRST 

DE: 
[•8 
I•E: 

ZDC REMARKS ZDC 4 PEMi'lPKS DESCRIBING ITEM RECORDED IN THIS FIELD 

DB 
DB 
D8 
DB 

(---------------------------------------------------------~----------

*ZFM =*NONSPEC 
Z~;Vf3499H 

Z Tt-iF 0 r;: i·iH T 
~------------------------------------------------------------------ --

2'=·h~i51 Oi~ 
2Tf·iLitjU:::JED 1 
ZF'D 
ZDC IJ~JU'.::;E[i 1 
2:1.rC 1?ECUI1E 
.:::DC U~Jl_l'::,ED~: 

.:::Di= F'[f"lf~P~'.. '_:; 
2'I'1C 
ZPD 

:DBSYSDATA SYSDEFN 
1GG~t~ 20021 2599A 
F'EC C1DE IJNIJOC,ED2 F:Et·i>iPr'.'c; 

C'F:[• DOCUl-IENTAF:'r' DE";CF: IPT!ml OF F·ECOF'l• T'r'F'E 
ZPD UNUSED FIELD 
2RD 2 CARD TYPE CODE FOR RECORD DESCRIBED 
ZPD l UNUSED FIELD 
ZRD 4 DESCRIPTIVE REMARKS EXPLAINING PURPOSE OF 
ZPD RECORD TYPE OF THIS PACKET 
2DC DOCUMENTARY DESCRIPTION OF FIELD ON RECORD 

*ZPO :DBSYSDATA SYSTYPE 
ZSkB403A 0117ZD001 

(--------------------------------------------------------------------
·t:z~;r 

zs~:o40~? I 
:DBSYSDATA SY~DEFN 

06021 ~3031H 0903A 12'3 lA 
ZSk06~=16·;D000 
2Tt-6.1T'Tl:L F,LDLNG 
ZRD ZSk 
~RD ZSK 
2RD ZSK 
ZRD ZSk 

ZR!l zsr: 
ZDC STPTCL 2S~: 

ZDC FLDLt·iCi ZSr 2 
ZDC l_i·::;ECCII'1 ZSf( 4 

FLDFMT USECOD LOCNAM RES COD 
SKELETON DESCRIBING USE AND CONTENTS OF ALL 
RECORD TYPES IN THE DATA BASE. EACH PECOPD 
LISTED IN THE S'r'STEM SELF-DEFINITION lTHIS) 
SECTION ~1UST HAVE A ZSk RECORD Il'!MED IATEL Y 

FOLLOl,I I NG THE TAG HEADER (EG .. *U";R:1 
STHRTit-lG CHARACTER POSIT I OH 
LEflGTH IJF F !ELI' It-I CHARl~CTEP"; 
CODE DEF IN Ir11~ USE OF [1ATA 

DB 
DB 
DB 

DB 
l•B 
DE: 
DE: 
DE: 
DE: 
[)8 

+ [18 
[18 

+ 
+ 
+ 
+ 

DB 
DB 
DB 

DB 
DB 
DB 
DB 
DB 
[1B 
DB 
DB 

DB 
DB 
I.1B 
l•B 

ZDC Ll]C~·J~~l"l ZSK 5 RECORD TYPE NEEDED IF U~;ECOD I" A POJNTER TYPE VB 
ZDC F'ECCID 2Sk 6 STATUS CODE <DE TERM IrlES RE";OLUT f ON) DB 
(-----------------------------------------------------~-------------

45 

346 
34? 
'\c\f'i 

35 i 

35,1 

361 
362 
36.3 

364 

3?2 

3?4 
.3?5 
3?t. 

377 
3?:3 
3?9 
3E:D 
381 
3t)2 
383 
384 

85 
86 
e.r 
B8 
89 
90 



REPORT ON THE SIXTH INTERNATIONAL SYMPOSIUM ON MULTIPLE-VALUED LOGIC 

Stephen Y. H. Su 
Symposium Chairman 
Dept. of Electrical Engineering 
Utah State University 

and 

Richard Spillman 
Symposium Committee Member 
Dept. of Electrical Engineering 
Utah State University 

The Sixth International Symposium on Multiple-Valued Logic was held at 
Utah State University, Logan, Utah, May 25.:.28,-1916,, under the co-sponsorship 
of the IEEE Computer Society, Association for Computing Machinery, Office of 
Naval Research and Utah State University. Professor Stephen Y. H. Su of Utah 
State University served as the symposium chairman and Professor Zvonko 
Vranesic of the University of Toronto was the technical program chairman. 
The symposium included two invited ta~ks, eight parallel technical sessions, 
five tutorial sessions, and a panel discussion. Five tutorial papers and 40 
technical papers were presented. The last session reported recent results. 
as well as ideas which were not fully developed. 

In his opening remarks to the 79 participants from nine countries, Dr. 
Su outlined some of the reasons why interest in multiple-valued logic has 
been growing for several years. He pointed out that multiple-valued logic 
offers a means of overcoming the pin limitation problem of MS! and LSI, since 
it allows each input pin to accept and each output pin to deliver more infor­
mation. In addition, he indicated that the wide range of applications of the 
concepts of multiple-valued logic in the areas of digital systems, software, 
artificial intelligence, plant disease diagnostic rules and human movement 
.control were represented by some of the papers presented at the symposium. 
When a 10-valued logic system is eventually developed the conversion from 
decimal to binary and back again will be eliminate·d. Su also noted the in­
creased reliability and.reduced cost of multiple-valued circuit elements. 

Dr. David Rine, formally at West Virginia University, now at the Univer­
sity of Texas, presented the first tutorial paper entitled, "A Survey of 
Mulitple-Valued Algorithmic Logics: From a Practical Point of View." Rine 
noted several basic differences between theoretical and actual programming 
models. He then suggested a number of changes in the current models utili­
zing multiple-valued logic which would reduce these differences. 

In the second tutorial session, Dr. I. Rosenberg of the University of 
Montreal, discussed the algebraic and combinatorial aspects of multiple­
valued circuits. He outlined the results of the last five symposia dealing 
with the mathematical development of multiple-valued logics. Among the topics 
which Rosenberg briefly covered were discrete functions, Post algebras and 
threshold logic. 

Dr. Stephen Su of Utah State University. and Mr. Peter Cheung of Packard 
Instrument Company in the third tutorial session, reviewed the development 
of a cubical notation for multiple-valued switching functions and pointed out 
that it is a compact notation which is easily stored and processed by a digital 
computer. They defined a number of basic ope,rators and their algebraic pro­
perties which could be used to manipulate the cubes to detect symmetrical 
functions. and to minimize switching functions. Su and Cheung defined a gen­
eral "don't care" condition and indicated that the diagnosis of colon cancer 
is one of the several possible applications of such a new definition. 

Dr. K. C. Smith of the University of Toronto outlined the development 
of circuits for multiple-valued logic in the fourth tutorial session. He 
suggested that more development of multiple-valued circuits for practical 
applications will be seen in the near future. He developed a notation for 
drawing multiple-valued circuits and then offered several2examples of multi­
ple-valued logic elements, :such as a ternary NAND using T L and a current­
mode five-valued storage element. 

The final tutorial paper was given by Dr. U. Strasilla of Reticon Cor­
poration who described discrete-time analog devices. He demonstrated how 
such devices could be used to implement multi-level logic operations. 

The panel discussion centered on possible future applications of multi­
ple-valued logic. In addition to hardware applications, several unique areas 
of application, ·such as, in social systems, medical systems, and philosophical 
systems were discussed. Speci£ically, among the many examples mentioned were: 
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1) Time series multiple-valued logic 

2) Systems modeling of interpersonal interaction 

3) Diagnosis of disease 

4) Programming systems 

S) Proving the independence of axioms 

The general conclusion of the panel discussion was that the concept of multi­
ple-valued logic has a broad range of applications in a number of diverse 
disciplines. 

While the 40 papers presented in the technical sessions reflected the 
theme of the panel discussion with their wide range of interest, the majority 
of the papers addressed the issue of the design, construction, and analysis 
of digital multiple-valued systems. In technical session lA, four papers 
dealing with multiple-valued networks and arrays were presented. While in 
the parallel session lB, four papers developing the algebraic properties of 
various multiple-valued logic's were discussed. 

Session 2 consisted of an invited paper by Dr. Y. H. Pao, and Mr. J. 
Altman of Case·Western Reserve University, entitled "Use of Associative 
Memory Techniques in Implementation of Multiple-Valued Logic Systems." They 
outlined a pattern recongition technique closely related to a fuzzy logic 
recognition system. 

A paper developing techniques of fault detection in multiple-valued 
systems was presented in session 3A. A modified form of the D-Algorithm 
for fault detection was suggested, which would handle the problems of fault 
detection introduced by the multiple-valued nature of the circuit. In the 
parallel se$sion. 3B, two papers on the philosophical applications of multi­
ple-valued logic were discussed. 

Session 4A consisted of three papers on the applications of three­
valued logic to digital systems. In this session a COS/MOS implementation 
of three-valued logic was proposed, as well as a static hazard-free three­
valued T-gate, and a three-valued positional control system. In session 4B, 
three related papers were presenteo. One applied Venn diagrams to 
multiple-valued systems. The second paper developed a many-valued 
propositional calculus. The final paper in this session applied 
multiple-valued logic to hypothesis generation and medical diagnosis. 

Trre mathematical aspects of multiple-valued circuit implementation were 
discussed in the four papers of session SA. The synthesis of multiple­
valued circuits, the development of multiple-valued codes, a discussion 
of noise margins in multiple-valued circuits, and an analysis of circuit 
complexity were among the specific topics presented. Session SB included 
four pa~ers on fuzzy logic and its applications. Fuzzy maps and applica­
tions of fuzzy logic to linguistics and to a logic of uncertainty were 
developed. 

The second invited paper entitled "Semantic Influence from Fuzzy Prem­
ises" was presented in session six, by Dr. L. A. Zadeh of the University 
of California, at Berkeley. Dr. Zadeh translated fuzzy statements into 
relational assignment equations and illustrated their solution with several 
examples. 

The, various applications of multiple-valued logic was illustrated by 
the three papers of session 7A. In this session, multiple-valued logic was 
applied to univeral decision elements, human movement control, and plant 
disease diagnostic rules. In session 7B, three papers developing multiple­
valued minimization techniques and procedures for the generation of multiple­
valued prime implicants were presented. 

The final session reported the results of re~ent research efforts. The 
subject matter of this session ranged from fuzzy logic and network theory 
to circuit realization of three-valued systems. 

Two general principals may be derived from this symposium: (1) multiple­
valued logic presents some real advantages in the future development of 
digital systems; and (2) the concepts of multiple-valued logic may be used 
to solve some important problems in computer science, engineering, medical 
diagnostics and mathematics, etc. The overall conclusion of the symposium 
is that multiple-valued logic offers an exiting new frontier which is 
clearly worthy of a concentrated research effort. 
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ll~iroo DESIGN 
AUTOMATION 
CONFERENCE 

REQUIREMENTS FOR 
SUBMITTING PAPERS 

If you plan to submit a paper, you should send three copies 
of the paper (rough drafts are acceptable) to the program 
chairman no later than December 15, 1976. Please include a 
title for the paper plus an abstract (less than 25 words). 

Accompanying the draft should be the full name, affiliation 
address, and telephone number of the principal author, with 
whom all further direct communication will be conducted. 

Notification of acceptance will be sent to you during the first 
week of March 1977. After notification of acceptance, you 
will receive detailed instructions on the format to be ob· 
served in typing the final copy. To insure the availability of 
Proceedings at the Workshop, your final manuscript will be 
dueApril20, 1977. 

Final papers should be no longer than 5000words, and the 
presentation should be limited to 20 minutes. Projection 
equipment for 35mm slides and viewgraph (overhead pro· 
jector) foils will be available for every talk. Please indicate 
what, if any, additional audio-visual aids you require. 

Rough drafts are to be sent to the Program Chairman: 

Program Chairman David W. Hightower 
Texas Instruments, Inc. 
P. 0. Box 5012 MS907 
Dallas, Texas 75222 
214-238·3492 

Computer Aided Artwork Contest 

Any useful, viewable output from a CAD system can be 
entered in the Design Automation Conference Artwork con­
test. A letter to the contest chairman stating title and display 
area required is due ~Y April 20, 1977. 
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Contest Chairman: Paul Losleben 
R 154 
9800 Savage Rd. 
Fort Meade, Maryland 20755 
301-688-7815 

General Chairman Judith G. Brinsfield 

Sponsors 

Bell Laboratories 
Room 3B·323 
Whippany Road 
Whippany, NJ 07981 
201-386-3169 

The sponsors of the Design Automation Workshop are the 
ACM (Association for Computing Machinery) Special 
Interest Group on Design Automation and IEEE (Institute 
of Electrical and Electronics Engineers) Computer Society 
Design Automation Technical Committee. 

Design Automation 

Design Automation implies the use of computers as aids to 
the design process. 

In the broadest sense, the design process includes every· 
thing from specifying the characteristics of a product to 
meet a marketing objective to enumerating the details of how 
it is to be manufactured and tested. 
Thus design automation embraces applications from one end 
of the design process to the other. 

Site of the 14th DAC International Hotel 
300 Canal Street 

TOPICS OF INTEREST 

New Orleans, Louisiana 
June 20, 21, 22, 1977 

~ 
SOFTWARE AIDS 

SYNTHESIS 
E1~1~~~~!~0~N 

IMPLEMENT ANAL Y~IS .!.!!!!£!!!!!. 

INTERACTIVE TOOLS PARTITIONING 
OATA BASE DESIGN ·\Ji' INTERCONNECTION 

DESIGN LANUGAGES INSPECTION 
TOTAL SYSTEMS PLACEMENT 

GRAPHICS TESTING 
APPLICATIONS LAYOUT 

MANUFACTURING 
DIGITAL SYSTEMS 
ARCHITECTURE 

AEROSPACE 
NAVAL 
LSI PCB 
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* 1977 
National Computer 

conference 
June 13-16 Dallas 

You are invited to submit a paper for presentation at the 1977 National 
Computer Conference June 13-16. Dallas. Texas. Papers are currently 
being solicited in four primary areas: 

The TECHNOLOGY of Computing 
Software Engmeenng 
M1croorocessors 
Minicomputer Systems 
Networks 
Database Systems 
Storage & Logic Technology 
Computer Systems Architecture 
Design. Development & Manu-

facturing of Computer Systems 
Programming & Control Languages 

MANAGEMENT and Computing 
Personnel Recruitment & Training 
Accounting 
Computer System Auditing 
Computer System Management 
Systems Analysis 
Marketing 
Selection & Support of Systems & 

Services 
EDP Forecast1 ng 
Management Techn1QuP.s Through 

Computer Usage 

The USES of Computing 
Petrochem1ca1s 
Energy 
Electronics 
Aerospace 
Retail Sales 
Small Business 
Transportation & 01str1but1on 
Health Care 
Municipal Government 
Banking & Insurance 
Real Estate 
Stocks & Commod1t1es 

The INDIVIDUAL and Computing 

Career Development 
Privacy 
Leg1slat1on 
Computer Crime 
Computer Errors Past & Future 
Computers as a Hobby 
Personal Computing 
Computer Satire (F1ct1on) 
Influence of Computers on 

lnd1v1duals 

The '77 NCC Steering Committee welcomes your comments and 
suggestions and participation in this event. Please contact: 

Dr. Portia Isaacson Dr. Robert R. Korfhage 
CONFERENCE CHAIRMAN PROGRAM CHAIRMAN 
Mathematical Sciences 
University of Texas at Dallas 
Richardson. TX 75080 
214/690-2172 

International Conference and Exhibition 

on Computer Aided Design Education July 13-15th 1977 
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Dept of Computer Science 
Soutl']ern Methodist University 
Dallas. TX 75275 
214/692-3082 

Call for Papers 
There is increasing interest across wide sections 
of industry in the application of computer aided 
design techniques. Much development has 
occurred recently 1n hardware and software 
requirements, and many organisations are 
looking at practical and economic 
implementations of c.a.d. An urgent need now 
exists to consider the educational problems 
involved. Academics are concerned with the 
provision of suitable courses in this perhaps 
1osse!y defined interdisciplinary field; 
1n those areas of industry where c.a.d. has 
already become a reality, there is interest 
in the provision of suitable personnel to 
enable smooth integration into existing c.a.d. 
teams and to consider ·future developments 
in those organisations. This conference is 
being organised to bring together such c.a.d. 
\M'.:lrkers from educational institutions and 
industnal organisations for mutually 
beneficial discussion on the teaching of c.a.d. 



SYMPOSIUM ON DESIGN AUTOMATION AND MICROPROCESSORS 
ISSUES CALL F0R PAPERS 

The IEEE Technical Committee on Design Automation and the ACM 

Special Interest Group on Design Automation are co-sponsoring a Symposium 

on Design Aids for the Design of Microprocessors and Microprocessor-based 

Systems. 

This two-day symposium is scheduled for February 24-25, 1977, in 

Pato Alto, California, just prior to the COMPCON 77 Spring meeting. 

In addition to refereed papers and invited talks, which will be 

published in a proceedings, the symposium will include a number of 

informal sessions. In order to stimulate open discussion, these will 

not be recorded in the proceedings. 

If you wish to submit a paper, send three (3) copies of a rough 

draft (no more than 5000 words) to the general chairman: 

W. M. vanCleemput 
Digital Systems Laboratory 
Stanford University 
Stanford, CA 94.305 
(415) 497-1270 

If you intend to participate by speaking at an informal session, or 

just by attending, please contact the general chairman. 

Import~nt Deadlines: 

Rough draft: November 15, 1976 
Notification of acceptance: December 15, 1976 
Final manuscript: January 31, 1977 
Request for participation in informal sessions: 

Topics 
Papers are invited on any topic vvhich falls 
vvithin the general area of c.a.d. education. 
Some questions that might be considered 
could be: Where should c.a.d. be taught, 
on the job or in an educational 
establishment? At what educational level 
should c.a.d. be introduced' Should c.a.d. 
be considered as an interdisciplinary 
subject in its own right or should it be 
integrated into existing subjects and 
courses? What are the requirements in 
equipment and software for a viable teaching 
effort in c.a.d-' Should c.a.d. be taught as 
such, or is it really advanced computer 
science.? 

Dates 
CAD Ed is scheduled for .13-15 July 1971. 

Venue 
CAD Ed will be held at T eesside 
Polytechnic, Middlesbrough, Cleveland, 
England. The Polytechnic has modern 
buildings with good conference facilities. 
Residential accommodation in halls is 
available for delegates within a few minutes 
vvalk from the Polytechnic. Train services 
-from all parts of the country are 
convenient and frequent, and there are 
several flights a day from Heathrow 
Airport, London, to Teesside Airport. 

Organisation 
CAD ED is organised by Teesside 
Polytechnic with support from: 

Whessoe Ltd, Darlington 
CAD Centre, Cambridge 
Computer Aided Design Journal, IPC Press 

The International Planning Panel is 
composed of leading authorities in this field 
and will supervise such activities as the 
selection of papers and the planning of 
sessions. 

Exhibition 
During the conference period there will 
be an exhibition at which manufacturers 
of equipment and suppliers of software or 
c.a.d. services wiH be displaying their 
facilities. 

Deadine Dates 
As soon as possible 
Intention to submit · see form 

1 November 1976 
800 word summary required. 
These will be assessed by referees 
for final selection. 

25 April 1977 
Final versions of papers required. 
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December 31, 1976 

Conference Format 
A feature of the conference will be the 
presentation of a number of papers by 
invited speakers from Europe and North 
America. These will be concerned with 
current developments in the general field 
of c.a.d .. or specifically with the 
teaching of c.a.d. These keynote 
addresses given by leading authorities in 
their field, together with all the 
contributed papers, will occupy most of the 
conference time, but towards the end of 
the conference there will be a general 
discussion, led ~Y a panel of experts, 
dealing with issues raised during the 
conference. 

Proceedings 

The full Proceedings of CAD Ed will 
be published. 

Enquiries and correspondence to:­

Conference Secretary, 
CAD Ed, 
Teesside Polytechnic. 
Middlesbrough, 
Cleveland, 
England. 

Telephone: Middlesbrough 44176 



1977 International F'l'ra':/ 
Symposium on 

Fault.:rolerant Computing 

University Hilton Hotel (Adjacent to the USC campus) 
LOS ANGELES, CALIFORNIA JUNE 28-30, 1977 

CALL FOR PAPERS 
This is the seventh annual international symposium sponsored by the 
Technical Committee on Fault-Tolerant Computing of the 
IEEE Computer Society. 
Papers are solicited on any subject dealing with the general topic of 
fault-tolerant computing. A list of the topics considered relevant to 
the theme of this symposium is given below. 

• Fault-Tolerant System Architecture 
• Operating Systems for Fault-Tolerant Systems 
• Fault Diagnosis, Reconfiguration, and Recovery 
• Fault-Tolerant Software Systems 
• Error Control in Computers and Computer Networks 
• Measures of Availability, Reliability, and Fault Tolerance 
• System Testing and Diagnosis 
• Applications of Error Coding Techniques 
• Modeling of Fault-Tolerant Systems 
• Verification of Hardware/Firmware/Software Design 
• Analysis of Test Generation Methods 

Four copies of a complete paper of digest length (4000 words 
maximum) should be sent so as to be received by the Program 
Chairman no later than December 1, 1976. Each paper should 
include an abstract of no more than one page. 
Authors will be notified of the disposition of their papers by 
March 1, 1977. 

GENERAL CHAIRMAN 

Professor Arthur D. Friedman 
Dept. of Electrical Engineering & Computer Science 
University of Southern California 
Los Angeles, CA 90007 

PROGRAM CHAIRMAN 

Professor John P. Hayes 
Dept. of Electrical Engineering & Computer Science 
University of Southern California 
Los Angeles, CA 90007 
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Call for Papers 

The Association for Computing 
Machinery will hold its 32nd 
National. Conference, ACM 77 
October 17-19, 1977 in the 
beautiful Puget Sound area. 
Facilities for ACM 77 will be 
conveniently located in downtown 
Seattle at the Olympic Hotel. At the 
conference, many important 
problems and issues will be brought 
into focus with the conference 
serving as a media for the exchange 
of ideas. 

James S. Ketchel 
General Chairman, ACM 77 
P.O. Box 16156 
Seattle, Washington 98116 
(206) 935-6776 
(206) 682-0210 

/lC/V\ 77 
October 17-19, 1977 

~E/lTTLE 

YOU ARE CORDIALLY INVITED 

COME 

PARTICIPATE 

ENJOY 

ASSOCIATION for COMPUTING MACHINERY 
NATIONAL CONFERENCE 

You are encouraged and invited to 
submit a paper on any aspect of 
computer research, development or 
application. Papers may be 
theoretical, state-of-the-art reports, 
reviews or tutorials. Papers must 
not have been previously published 
or presented, and they must not 
exceed 15 pages, including a 125 
word abstract, bibliography and 
illustrations. Five copies of the draft 
paper should be received by 
February 15, 1977. 

Harvey Z. Kriloff 
Technical Program Chairman, 
ACM 77 
Boeing Computer Services, Inc. 
P.O. Box 24346 MIS 3N-18 
Seattle, Washington 98124 
(206) 773-0567 



PROCEEDINGS FOR 9th, 10th and 11th DA WORKSHOP 

The ·following is the rate schedule as agreed to by SIGDA and the 
DA Technical Comnittee of IEEE. 

l} 

2) 

3) 

COPIES 

9th DA Workshop Proceedings 
--- (1972) @ $10.00 376 Pages 

___ 10th DA Workshop Proceedings 
(1973) @ $10.00 288 Pages 

11th DA Workshop Proceedings 
--- (1974) 379 Pages 

Member Number ---

Please send your order prepaid to:· 

ACM Inc. 
P.O. Box 12105 

SIGDA & ACM 
Members 

$10.00 

$10.00 

$12.00 

Al 1 Amount 
Others 

$16.00 
.... 

$16.00 

$20.00 

TOTAL = 

Church Street Station 
New York, New York 10249 

Make your checks payable to Association for Computing Machinery 
(an added charge is made for billing). 

JOIN 
·sIGDA. 

.JOIN 
SIGDA 

JOIN 
SIGDA 

Name (please type or print) 

Affiliation 

Mailing Address 

C1ty State 

JOIN 
SIGDA 

Zip 

JOIN 
SIGDA 

JOIN 
SIGDA 

JOIN 
SIGDA 

JOIN 
SIGDA 

Annual membership dues 
are $3.00 for ACM members 
and $5.00 for others. 

Enclosed annual dues. 

__ Please send more info. 

Mail to SIGDA 
ACM INC. 
P.O. Box 12105 
Church Street Station 
New Jork, HY'". 10249 




